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LETTER  OF  TRANSMITTAL. 


United  States  National  Museum, 

Washingtorij  D.  T.,  January  //,  1897. 
Sir:  I  have  the  honor  to  trausmit  herewith  the  manuscript  of  A 
Synopsis  of  American  Fossil  Brachiopoda,  including  Bibliography  and 
Synonymy,  which  has  been  prepared  out  of  official  hours.  It  is  i)re- 
sented  with  a  view  to  its  publication  as  a  bulletin  by  the  United  States 
Geological  Survey. 

Charles  Schuchert. 
Hon.  Charles  D.  Waloott, 

Director  of  the  United  Ustaien  Geological  Survey, 
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PREFACE. 


Probably  no  continent  is  more  productive  of  well-preserved  Paleozoic 
brachiopods  than  ITortb  America.  Througbont  the  vast  territory  of  the 
United  States  which  is  draine<l  by  the  Mississippi  River  the  strata  have 
sufiered  little  change,  and  it  is  this  region  which  has  furnished  nearly 
all  the  material,  from  the  Middle  Ordovician  to  the  top  of  the  Upper 
Carboniferous.  The  numerous  species  of  American  Cambrian  brachio- 
pods which  are  found  scattered  along  the  margins  of  this  great  interior 
plateau  and  throughout  New  Brunswick  have  also  aided  largely  in 
determining  the  evolution  of  the  class.  To  Mr.  Walcott,  Director  of 
the  United  States  Geological  Survey,  much  honor  is  due  for  making 
clear  the  structure  of  brachiopods  from  this  system. 

The  present  synopsis  was  begun  in  Cincinnati  eleven  years  ago, 
while  the  writer  was  engaged  in  paleontologic  work  with  Mr.  E.  O. 
nirich.  In  1887,  when  the  list  had  increased  to  about  700  cards,  the 
position  of  assistant  to  Prof.  James  Hall  was  entered  upon.  A  nearly 
complete  library  of  American  paleontologic  literature  thus  became  avail- 
able to  the  writer,  and  during  the  next  two  years  the  greater  part 
of  his  leisure  was  devoted  to  recording  brachiopod  literature.  The 
large  private  collection  of  brachiopods  belonging  to  Professor  Hall, 
together  with  the  many  public  and  private  collections  then  under  inves- 
tigation by  Hall  and  Clarke,  also  afforded  the  writer  abundant  facilities 
and  a  rare  opportunity  for  the  study  of  this  class.  Every  occasion  was 
embraced  to  examine  into  the  synonymy  suggested  by  authors,  and  in 
this  work  it  is  believed  much  has  been  attained.  In  addition  to  the 
above  collections  and  to  the  material  in  his  own  possession,  the  writer 
has  also  studied  the  specimens  belonging  to  this  class  in  the  American 
Museum  of  Natural  History,  Yale  University  Museum,  Cincinnati 
Society  of  Natural  History,  and  the  United  States  National  Museum. 
In  1890  the  present  catalogue  comprised  upward  of  3,500  cards,  ar- 
ranged in  boxes  having  a  united  length  of  about  4  feet.  It  now  includes 
nearly  10,000  references  relating  to  North  and  South  American  fossil 
brachiopods. 

It  is  believed  that  with  the  exception  of  local  faunal  lists  all  the  lit- 
erature of  North  and  South  America  pertaining  to  this  subject  is 
recorded  in  the  following  synopsis.  Much  possible  synonymy  which 
the  writer  could  not  satisfactorily  determine  is  noted  under  ''Observa- 
tions.''   The  complete  known  distribution  of  widely  dispersed  species 
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12  PREFACE. 

is  not  always  given,  only  the  more  important  localities  being  cited.  In 
every  case,  however,  the  locality  first  mentioned  is  believed  to  be  the 
original  one. 

For  the  proper  generiq  disposition  of  the  species  the  work  of  Hall 
and  Clarke^  has  been  closely  followed,  and  the  entire  synopsis  is 
arranged  alphabetically  to  facilitate  easy  finding.  The  geologic  dis- 
tribution of  the  genera  is  given  at  the  end  of  Chapter  I,  and  their  sys- 
tematic position  in  the  classification  in  Chapter  V.  The  evolution  of 
the  lophophore,  from  the  simple  crescentic  condition  with  few  tentacles 
of  the  protegulum  to  the  most  complex  condition  in  the  Terebratulacea, 
described  in  Chapter  IV,  is  wholly  the  work  of  Dr.  Beecher.  From  the 
development  of  this  organ  in  recent  species  the  peculiarly  complicated 
growth  of  the  lophophore  in  the  Spiriferacea  is  also  explained.  Some 
of  the  embryonic  brachial  conditions  are  likewise  indicated  as  proba- 
bly existing  in  a  mature  condition  in  early  Paleozoic  genera. 

The  danger  of  neglecting  young  or  small  specimens  of  any  organism 
can  not  be  too  often  impressed  upon  collectors.  Often  by  means  of  such 
fossils  intricate  problems  in  phylogeny  or  life  history  may  be  solved. 
To  have  much  value,  however,  young  specimens  must  be  very  small, 
and  these  can  not  be  picked  up  in  the  field.  Where  brachiopods 
abound,  whether  in  clay  or  of  a  siliceous  nature  in  limestone,  material 
should  be  collected  in  bulk  and  prepared  later  by  washing  or  etching 
with  weak  muriatic  acid.  This  method  of  collecting  generally  results 
in  securing  fossils  that  otherwise  will  not  be  observed. 

To  Dr.  Charles  E.  Beecher,  of  Yale  University  Museum,  the  best 
thanks  of  the  writer  are  especially  due  for  the  continued  interest  taken 
in  this  catalogue,  as  well  as  for  valuable  suggestions  regarding  classi- 
fication ;  and  to  Mr.  Charles  D.  Walcott,  Director  of  the  United  States 
Geological  Survey,  for  favors  relating  to  the  publication  of  the  paper. 

To  the  following  gentlemen  the  grateful  acknowledgments  of  the 
writer  are  due  for  specimens  or  for  suggestions  in  synonymy:  Prof. 
J.  F.  Whiteaves,  Canadian  Geological  Survey;  Prof.  H.  S.  Williams, 
Yale  University ;  Director  Charles  D.  Walcott,  Dr.  W.  H.  Dall,  Dr.  T.  W. 
Stanton,  and  Dr.  George  H.  Girty,  United  States  Geological  Survey; 
Prof.  R.  P.  Whitfield,  American  Museum  of  Natural  History;  Prof. 
N.  H.  Winchell,  State  geologist  of  Minnesota;  Mr.  E.  O.  Ulrich,  New- 
port, Kentucky;  Mr.  S.  A.  Miller,  Cincinnati,  Ohio;  Mr.  R.  R.  Rowley, 
Louisiana,  Missouri,  and  Mr.  D.  K.  Gregor,  Fulton,  Missouri;  and  to 
Dr.  C.  Davies  Sherborn,  of  the  British  Museum,  for  valuable  sugges- 
tions in  bibliography. 

C.  S. 


» PaUeontology  of  New  York,  Vol.  VIII,  1892-95. 
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A  SYNOPSIS  OF  AMERICAN  FOSSIL  BRACHIOPODA, 
INCLUDING  BIBLIOGRAPHY  AND  SYNONYMY. 


By  Charles  Schuohbet. 


CHAPTER    I. 

GEOL.OGIC  DEVEIiOPMENT  AND  GEOGRAPHIC   DISTRIBl"- 
TIOX  OF  AMERICAN  FOSSII^  BRACHIOPODA. 

GEOLOGIC  DEVELOPMENT. 

Upward  of  2,500  species  of  brachiopods  bave  been  described  or 
identified  from  the  sediments  of  the  North  and  South  American  con- 
tinents and  adjacent  islands.  Of  these,  2,053  are  recognized  in  this 
catalogue,  the  other  species,  about  20  per  cent,  being  considered  as 
synonyms. 

Little  is  known  of  the  fossil  forms  from  South  America.  Forty-eight 
genera  are  represented  by  159  species,  ranging  from  the  Cambrian 
upward.  Of  these,  125  are  from  the  Paleozoic  and  34  from  the  Meso- 
zoic.  The  Cambrian,  Ordovician,  and  Jurassic  brachiox>ods  require 
iurther  study,  since  authors  have  given  little  or  no  attention  to  their 
internal  characters,  and  also  have  too  readily  identified  them  with 
well-known  European  species. 

In  North  America  there  are  1,922  si)ecies,  of  which  1 ,859  are  restricted 
to  the  Paleozoic.  In  1880  Zittel,^  on  the  basis  of  Bigsby's  Thesaurus, 
gave  a  total  of  4,243  species  of  Paleozoic  Brachiopoda.  Since  Bigsby's 
compilation  the  total  has  probably  been  increased  to  6,000  species, 
about  one-third  of  which  occur  in  North  America.  On  account  of 
tbeir  good  preservation  and  great  abundance,  both  in  species  and  indi- 
viduals, throughout  the  Paleozoic,  the  brachiopods  in  North  America 
are  of  particular  value  in  stratigraphic  and  correlative  geology. 

In  the  Mesozoic  there  is  a  remarkable  scarcity  of  brachiopods,  since 
but  49  species  have  been  recorded,  and  many  of  these  are  rare.  The 
Cenozoic  representation  is  even  smaller,  there  being  but  14  species. 
This  scarcity  of  post- Paleozoic  brachiopods  is  very  apparent  in  the 
oldest  system  of  the  Mesozoic,  the  Triassic,  from  which  but  11  species 
have  been   described,  whereas  in  the  Carboniferous  there  are  478 


iHandbach  der  Palseontolojsie,  Vol.  I,  1880,  pp.  709-710. 

Digitized  by  LjOOQIC 


14  SYNOPSIS  OF  AMERICAN    FOSSIL  BRACHIOPODA.  (bpll.87. 

species.  In  marked  contrast,  also,  is  this  lack  of  brachiopod  conti- 
nuity when  compared  with  the  Alpine  Trias,  from  which. Bittner  has 
described  380  species;  but  nowhere  else  is  this  system  known  to  have 
so  large  a  development.  This  evidence  not  only  indicates  a  decadence 
of  the  class  during  late  Paleozoic,  but  epeirogeuic  movements  as  well 
near  the  close  of  the  American  Carboniferous,  for  none  of  the  478 
species  of  this  system  pass  into  the  Trias. 

With  the  Trias  a  new  facies  of  brachiopod  life  is  initiated;  many  of 
the  familiar  types  of  Paleozoic  shells  had,  at  that  time,  long  since 
ceased  to  live  or  had  ended  in  the  Carboniferous  or  Permian.  The 
superfamilies  Acrotretacea,  Obolacea,  and  Pentameracea  have  died 
out,  while  the  Lingulacea,  Discinacea,  Craniacea,  Strophomenaeea,  and 
Spiriferacea  are  sparingly  represented,  and  commonly  by  small  species. 
Before  the  close  of  the  Jurassic  system  the  Spiriferacea  also  disa^)- 
peared,  so  that  since  the  Cretaceous  era  the  class  is  practically  repre- 
sented by  rhynchonellas  and  terebratulas,  with  a  few  scattering  species 
of  Lingula,  Crania,  and  Discinisca. 

In  the  American  Jurassic  there  are  but  13  species,  and  all  are  rare. 
How  remarkable  is  this  representation  when  contrasted  with  the  Jura 
of  Europe,  where  certain  beds  of  the  Lias,  Dogger,  and  Malm  terranes 
contain  millions  of  specimens  of  a  few  species  belonging  to  the  families 
Terebratulidae  and  Rhynchonellidae.^  The  Cretaceous  has  26  species, 
also  a  meager  representation,  and  yet "  outside  of  Europe,  North  America 
is  the  most  important  for  the  occurrence  of  Cretaceous  Brachiopoda."* 
The  American  Eocene  has  9  species  and  the  Keocene  5.  The  disparity 
between  the  European  and  American  Cenozoic  brachiopod  faunas  is 
partly  due  to  the  scarcity  of  marine  deposits  representing  the  different 
horizons  in  America. 

The  geographic  distribution  of  the  63  post-Paleozoic  species  shows 
that  30  are  found  along  the  eastern  and  southern  border  of  the  United 
States,  15  on  the  Pacific  Coast,  and  18  from  the  Arctic  Circle  south  to 
about  the  fortieth  parallel  and  between  the  one  hundredth  and  the  one 
hundred  and  twentieth  meridians. 

The  Trias  of  eastern  North  America,  with  its  unfavorable  shore 
deposits,  has  but  one  species,  while  the  Cordilleran  Sea^  to  the  east  of 
the  Eocky  Mountains  has  7,  and  these  were  there  followed  by  5  other 
species  in  the  Jurassic  system.  A  larger  brachiopod  fauna  may  have 
existed  in  the  deeper  waters  of  the  Atlantic  Trias,  but  nothing  of  it  is 
known.  In  Cretaceous  times  conditions  were  again  more  favorable, 
10  forms  being  recorded  from  the  Atlantic  border  of  North  America,  10 
from  the  Pacific,  and  6  from  the  interior  Cordilleran  Sea.  Toward  the 
close  of  the  Cretaceous  the  Cordilleran  Sea  became  more  and  more 


>  Zittel,  op.  cit.,  p.  714. 

«Ibid..  p.716. 

•For  the  areas  covered  by  tliia  «nd  the  Miaainsippiaii  and  Appalachian  seas,  see  Walcott's  presi- 
dential address,  Geologic  time  ns  indicated  by  the  sedimentary  roclcs  of  North  America:  Proc.  Am. 
Assoc.  Adv.  Sci.,  Vol.  XLII,  1893. 
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unfit  for  marine  life,  and  no  brachiopods  are  known  from  the  Tertiary 
deposits  of  this  area.  Prom  the  eastern  North  American  Tertiary  9 
species  are  known,  bat  only  2  from  the  Pacific  border.  In  recent  times 
conditions  are  apparently  more  favorable  for  the  introduction  and 
existence  of  brachiopods  from  other  areas,  as  14  species  have  been 
dredged  from  the  Atlantic  and  24  from  the  Pacific  continental  plateaus 
of  North  America. 

The  living  forms  are  aniversally  distribated  in  the  seas  of  the  worhl.  Their  rauge 
in  depth  is  no  less  extended.  They  occur  in  shallow  waters,  at  low- water  mark, 
and  varying  degrees  of  depth,  from  200  to  600  fathoms  being  the  usual  limit  of  the 
majority  of  species.  Several  far-ranging  abyssal  species  were  dredged  in  from  1,000 
to  2,000  fathoms.  The  delicate  transparent  shell  of  that  interesting  little  Terebratu- 
loidy  Liothyrina  WyTillei  Davidson,  was  actually  obtained  in  a  living  condition  by 
the  Challenger  expedition  from  the  enormous  depth  of  2,900  fathoms,  or  3^  miles,  at 
the  bottom  of  the  South  Atlantic  Ocean.' 

In  the  North  American  Cambrian  there  are  116  species  described,  a 
far  greater  development  than  in  any  other  country.  Davidson  rec^ords 
but  14  species  in  Great  Britain,  while  Bigsby,  in  1868,  gave  the  total 
for  this  system  as  126  for  all  countries.  In  the  next,  or  Ordovician, 
system  the  rapidity  of  brachiopod  differentiation  is  remarkable.  There 
are  310  species  known  in  North  America,  an  increase  nearly  three 
times  that  of  the  Cambrian.  Bigsby's  percentage  of  increase  for  this 
system  is  even  greater,  since  in  1868  he  listed  556  Ordovician  species, 
which  represent  a  growth  of  nearly  four  and  one-half  times  that  of  his 
Cambrian  total  of  126. 

While  there  is  much  specific  differentiation  throughout  the  Ordovi- 
cian, it  is  a  notable  fact  that  the  essential  types  of  brachiopods  of  this 
system  are  also  found  near  its  base  in  the  Calciferous.  In  the  Chazy, 
or  next  younger  horizon,  the  species  are  very  much  like  those  of  the 
Trenton,  where  this  class  has  great  and  varied  representation,  which 
is  maintained  to  the  end  of  the  Ordovician.  It  is  also  true  that  the 
species  become  more  generalized  structurally  as  the  Cambrian  is 
approached,  and  most  rapidly  so  toward  the  base  of  the  Ordovician. 

The  evolution  of  the  Cambrian  brachiopods  is  similar  in  its  history 
to  that  of  the  Ordovician,  except  that  there  the  differentiation  was 
along  more  fundamental  structural  lines.  In  the  following  table  it  is 
seen  that  the  four  orders  of  the  class  Brachiopoda  began  with  the 
Lower  Cambrian,  and  that  throughout  this  system  differentiation  was 
mainly  of  family  importance,  since  none  of  these  divisions  has  many 
genera  or  species.  Where  minor  groups  occur  in  quantity  it  is  always 
in  the  more  primitive  divisions,  as  in  the  Atremata.  In  none  of  the 
other  three  orders  is  there  a  similar  rapid  differentiation  in  the 
Cambrian. 


lAgnos  Cnuie,  Geol.  Mag.,  Deo.  IV,  Vol.  II,  1895,  p.  3  (extract). 
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Table  showing  the  differeniiaiian  of  the  Brachiopoda  during  Camhrian  time. 


Number  Number 

of      1      of 
Hpeoies.    genera. 

Number     Atre- 
of           mat« 
families,  species. 

8            30 
5            19 

7           17 

'  Neotre- 
maU 
species. 

4 
16 

5 

Protre-    Telotrp-I 

mata    <    mata    ' 

species,    species. 

Upper  Cambrian  . . . 
Middle  Cambrian. . . 
Lower  Cambrian  . .. 

51 
39 
31 

14 
12 
12 

17   1 i 

4      

8             2 

The  earliest  deep-water  deposits  of  the  Silurian,  the  Clinton  forma 
tion,  have  a  brachiopod  fauna  which  is  quite  different  from  tliat  of  t\w. 
Ordovician.  The  Atremata,  Neotremata,  and  Protremata  are  much 
like  those  of  the  Ordovician,  but  the  Spiriferacea  of  the  Telotremata, 
the  most  characteristic  brachiopods  of  the  Silurian,  have  here  attained 
a  great  variety  of  forms,  with  varied  brachydial  structures.  Through- 
out the  American  Silurian  the  brachiopods  show  little  structural  differ- 
entiation, but  in  the  Lower  Helderberg,  at  the  base  of  the  Devonian, 
the  spire- bearers  are  changing  and  assuming  characters  which  are  fully 
developed  in  the  higher  Devonian.  Here  also  occur  the  oldest  loop- 
bearers,  or  Terebratulacea,  though  the  ontogeny  of  Zygospira  seems  to 
show  that  this  superfamily  originated  in  the  Ordovician. 

In  the  Mississippian  Sea  deposition  was  apparently  quite  continuous 
throughout  Devonian  and  Carboniferous  times,  and  not  much  inter- 
rupted by  earth  movements.  The  faunas  of  these  systems  in  this  area 
show  no  rapid  evolution  along  any  of  the  brachiopod  phyla.  The 
species  of  the  basal  member  of  the  Carboniferous,  the  Waverly  or 
Kinderhook,  are  not  unlike  those  of  the  Chemung  of  the  Upper 
Devonian,  nor  is  there  any  great  faunal  difference  between  the  Kas- 
ka«kia  of  the  Lower  Carboniferous  and  the  productive  Coal  Measures 
above. 

Prom  the  foregoing  rapid  summary  of  the  geologic  history  of  Amer- 
ican brachiopods,  it  follows  that  differentiation  in  the  Paleozoic  is  most 
rapid  near  the  base  of  the  older  systems,  and  diminishes  in  force  from 
the  older  to  the  younger  geologic  divisions.  While  earth  movements 
in  America  were  greater  and  more  numerous  during  the  early  Paleozoic 
than  later  in  and  just  previous  to  the  close  of  this  time,  yet  the  early 
and  rapid  evolution  of  the  class  is  probably  due  not  only  to  the  varying 
conditions  produced  by  these  movements  but  also  to  the  greater  plas- 
ticity of  the  class  during  the  Cambrian  and  Ordovician  eras. 

There  are  311  species  in  the  American  Silurian,  increasing  to  662  in 
the  Devonian,  while  the  Carboniferous  representation  declines  to  478 
species.  In  1880  Zittel  gave  a  total  of  1,366  species  for  the  Devonian, 
871  for  the  Carboniferous,  and  but  30  for  the  Permian.  Waagen's 
researches  in  the  Permian  of  India,  however,  have  increased  this 
representation  considerably. 

There  is  no  more  striking  evidence  than  these  figures  needed  to  show 
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the  very  rapid  increase  of  the  class  doriiig  tlie  Ordovician,  its  culmina- 
tion in  the  Devonian  era,  and  its  rapid  decline  in  the  Carboniferous. 

Of  the  230  established  Paleozoic  genera,  not  fewer  than  186  are  rep- 
resented in  North  America. 


GEOGRAPHIC   DISTRIBUTION. 

The  geographic  distribution  of  North  American  Paleozoic  brach- 
iopods  is  extensive,  since  30  per  cent,  or  537  species,  had  great  areal  or 
horizontal  dispersion.  One  hundred  and  seventeen  species  are  found 
in  both  the  Mississippian  and  Cordilleran  seas,  and  of  these  36  are 
also  known  to  occur  in  foreign  countries.  The  number  of  species  com- 
mon to  North  America  and  other  continents,  however,  is  121. 

When  considered  chronologically,  it  is  observed  that  20  per  cent  of 
the  Cambrian  brachiopods  have  great  geographic  distribution,  and  that 
this  increases  to  32  per  cent  in  the  Ordovician,  Silurian,  and  Devonian, 
and  declines  to  28  per  cent  in  the  Carboniferous,  Greatest  specific 
dispersion,  however,  is  most  noticeable  in  the  Devonian  and  Carbon- 
iferous, where  Atrypa  reticularis^  LepUena  rhomboidalk,  Orthothetes 
erenisiriatusj  Productus  semireticulatuSy  P,  punctatuSj  Rhynchonella 
pleurodan,  Spirifer  di»junct\is^  and  8.  striatus  have  almost  world-wide 
distribution  and  great  vertical  or  chronologic  range.  Many  similar 
species  common  to  America  and  several  Eurox)ean  countries  could  be 
mentioned. 

Specific  distribution  increases  with  ordinal  rank.  In  the  radical  order 
Atremata  25  per  cent  had  disx)ersion,  increasing  to  27  per  cent  in  the 
Neotremata,  and  to  32  per  cent  in  the  Protremata  and  Telotremata. 

From  the  above  considerations  it  is  evident  that  brachioj^ods,  as  a 
rule,  can  not  be  of  great  value  in  correlating  over  wide  areas  minor 
Devonian,  but  particularly  Carboniferous,  horizons.  In  the  Cambrian, 
Ordovician,  and  Silurian,  however,  these  fossils  are  of  great  value  for 
stratigraphic  purposes.  Since  post-Paleozoic  brachiopods  are  not  com- 
mon in  America,  they  can  have  little  stratigraphic  value,  but  in  the 
Trias  and  Jura  of  Europe,  where  species  and  individuals  are  common, 
reliance  can  be  placed  upon  them,  and  they  are  there  regarded  as  next 
in  imx)ortance  to  the  Ammonoidea  for  correlation.  When  paleontology 
shall  have  advanced  sufficiently,  so  that  extracontinental  correlation 
of  Paleozoic  formations  can  be  taken  up  in  detail,  it  will  be  seen  that 
brachiopods,  because  of  their  wide  dispersion,  abundance,  and  favora- 
ble preservation,  will  be  of  great  service  in  working  out  paths  of 
migration  and  intercommunicating  oceanic  basins. 
Bull.  87 2 
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Tablk  I. — Brachiopod  genera  alphabetically  arranged^  their  geologic  distribution,  and 
North  American  epecifie  reprenentation. 

[In  the  column  '*  Ordinal  ranlc ''  A.,  N.,  P.,  T.  equal  the  first  letters  of  Atremata,  Neotremata,  Protare- 
mata,  and  Telotremata,  respectively.  The  geologic  occurrence  of  non- American  genera  or  the  earlier 
appearance  or  later  continuance  of  American  genera  in  other  countries  is  indicated  by  a  black  line. 
Small  superior  numerals  indicate  tho  number  of  species  having  distribution.] 


Genus. 

i 

O 
T 

II 

1 

s 

Is 

f 

i 

1 

s 

1 

s 

1 

•c  a 

i 

1 
1 

3     s 

1 

a 

1 

Acnxnbona  Tyhita 

2 

i 

2 

■    .    1    " 

Acanthothyris  d'Orbi'my 

T. 

N. 

t 

1 1 

A  crothele  Linnarson  . .  r 

5        5« 
5        5« 

1 

I...J '...J.... 

Acrotreta  Kutorea 

1 
^•. 

•:::;:L..i l^.i.._ 

Actinooonchus  McCoy 1  T. 

Agulhasia  King 1  T. 

AmbocopliaHall T. 

Amphiclina  Bittner T. 

Amphiclinodonta  Bittner T. 

AmphigeniaHall P. 

Amnhitomella  Bi  ttner                           T . 

; 

.     1     ! 

"  L_^_. 

1     1     1 

7 

i       1 

5» 

2 

1     ] 

i 

1 

1 

1 

* 

1 

41 

~^^ 

i.... 

1 

— 

i    1 

Anabia  Clarke     ... 

T. 

1 

4  ' 

! 

AnAfttroDliift  TTiill 

V 

4 

• 

"■  ■ .  1...;.  1....' 

Ancistrocrania  Dall 

N. 
T. 
T. 
P. 

L.. .._!... J 

Anisactinella  Bittner 

:;:;:. :;::T""r::: 

— 

1 
...1 

Anomactinella  Bittner 

L    L____ 

... 

Anoplia  Hall  and  Clarke 

1 

10 

1> 
7« 

1       1 

Auoplotheca  Sandberger 

T.      1 

3' 

';:;::;::c:i::: 

Antlptychina  Zittol 

Athyris  McCoy 

T. 
T. 

1 

1 

29 
20 

' 

3 

10* 
31 

9» 

11» 

1' 

■'•1- 

T.       1 

1 

Atrypina  Hall  and  Clarke 

T.| 

P 

4 

!      1      ■      i 

Aulaoorhvnchus  Dittmar 

1 

i> 

....!....'....'....l-^^ 

Aulacothyris  Douvilie 

T. 
P 

1       1 

Aulosteges  Helmersen. 



1          !      1 

Austriella  Bittner. . 

T. 

A 

1 

1      !      r 

Barroisella  Hall  and  Clarke 

1 

1 

1' 
1' 

1        !        1        i 

Beachia  Hall  and  Clarke                    '  T. ! 

1 

1 

'     L.J....!   ...'.... 

Beechoria  Hall  and  Clarke                 '  T.       . .  '      1 

1 

BilliniTsella  Hall  and  Clarke                P !     19 

9* 

1 

2         »i 

....!.-L-.. 

Bilobitea  Linnaeus                              'P. 

3 

2' 

1' 

1 

Bittnerula  Hall  and  Clarke |  T. 

Boiafordia  Mutthow A. 

Bouchardia  Davidson '  T. 



— 

1       1 



1   !   1 

1 

[ 

1 

Branrnnla  Caegel    . . .  * .   .. 

P. 
1» 



1"' 

1 

Cadomella  M .  Chaliuas 

1 

1 

Camarella  Billings..     .                     i  P 

10 

1 

9 

1 

32 

9« 

1 

Camarophorella  Hall  and  Clarke. . .    P 

1 
8» 

1 

Camarophoria  King P.' 

1 
11 

i 

1 

Camoroto'chia  Hall  and  Clarke 'T.I    l 

1» 

93 

4> 

j 

Camerothyris  Bittner T. 

Caiwllinia  Hall  and  Clarke '  P. 

1 

1 

1 

1 

1 

Cardlnocrania  Waagen '  N. 
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Table  I. — Brachiopod  genera  alphabeticalljf  arranged,  etc. — Contiiiiieil. 


Genoa. 


'i 

i 

1* 

il 

3 

i  :J   1 

9 

Catasyga  Hall  and  Clarke 

Cen  troneOa  BiUings 

Charionella  Billings 

Chascothyris  Holzapfel 

ChoneteUa  Waagen 

Cbonetes  Fischer  de  Waldhebu 

Chonetina  Krotow 

Chonopectiia  Hall  and  Clarke 

Chonoetrophia  Hall  and  Clarke 

Chriatiania  Hall  and  Clarke 

Cincta  Quenstedt 

Cistella  Gray 

Cleiothyria  King 

Clintonella  Hall  and  Clarke 

Clitambonitea  Pander 

Clorinda  Barrande 

Ccenoth3'ri8  Douville 

Conchidium  LinnasoB 

ConotrelA  AValcott 

Cranaena  Hall  and  Clarke 

Crania  lletzina 

Craniella  CEhleri 

Craniacua  Ball 

Craratula  Bittner 

CzypUcmnthia  Wliite  and  St.  John. 

Crjptonella  Hall 

Cryptoxwra  JefTerys , 

Cjdorhina  Hall  and  Clarke 

Cycloepira  Hall  and  Clarke T, 

Cyrtia  Dalman |  T. 

Cyrtina  Davidson '  T. 

Dallina  Beeeher 

Dalmanella  Hall  and  Clarke. . 

Davidsonella  M.  Chalmas 

Daridsonia  Bouchard 

Bavieaiella  Waagen 

Dayia  Davidson 


T. 
T; 
T. 
T. 

P.  I 
P. 

P.! 
p.' 

-I 

p. 

T. 

T.  ' 

T. 

T. 

P.' 

P. 

T. 

P. 

N. 

T. 

N. 

K. 

N. 

T. 

T. 

T. 

T. 

T. 


T. 
P. 
P. 
P. 
P. 
T. 

Delthyris  Dalman T. 

P. 
T. 
P. 
T. 
T. 
T. 
A. 
T. 
T. 
A. 
P. 
T. 


Derbya  Waaeen 

Dicamara  Hall  and  Clarke. 

Dietyonella  Hall 

Dictyotbyris  Douville 

DielasmaKing 

Dielasmina  Waagen 

Dignomia  Hall 

DimereUa  Zittel ■ 

Dinareila  Bittner 

Dinobolua  Hall 

Dinortbis  Hall  and  Clarke. 
Dioristelia  Bittner 


3 
10 
1 


&    £      £    5    5    e5    I 


7'! 

1' 


47 


4» 

1    I 


10 
1 
3 


5 

5* 

1 

20 
1 
2 

34 

18» 

?2    '             

1' 

1 

2»              ' -- 

93 
?i 

91    '    113             11 

'    1 

1 

8    1 

n 

1.  1...  .. 

1    ' 

1 

"l        ,        ' 

'                   i                   1                   1                   1                      ■ ' 

1 
11 

' 

1  ' ' 

1 

1     1    D^i      3. 

'     ' 

1 

...... 

1 

2 

6 

21 

1.  .._    I....L.'.... 

1 

[    1' 

'1 
as 

t                t 

1 

2>         11 

1 

1 

....  L... 

i> 

15«  !      5 

1      ' 

I 

1 

1 

1 

38     1  22»» 

43 

114, '...;....'.... 

!            1     ' 

1 

I ! 

i 

1 ! 1 

1 

L....I 

1 

7 
12 

M :::'■:::;•::::::'■:  ::: 

1 

1  1        1 

12*    

'    t 

5 

5« 

' L..|....' 

1    ' 

2 

11 

V       10« 

1 

'      1 

1 

I     1      1 

'                      1 

1 

1 

' 



4 
12 

3' 
12  » 

1' 

1 

1 

_i....;....'....'... 
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Table  I. — Brachiopod  genera  alphabetically  arranged,  etc, — Continued. 


Genns. 

1 

h 

1 

o 

a 

as 

1 

•s 

i 
1 

1 

1 

1 

1 

s 

j     1     1 

■J'  •' 

S  1  £  i  t    ■    2J 

DinloBoirella  Bittner 

T. 

— 

! 

6 
2 

?1 

n 

n 

3 

DlBciniaca  Dall 

K 

"■ 

2»    ,^^ 

DiecinolepiB  Waagen 

Discinopaia  Matthew 

Disoolia  Fischer  and  (Ehlort 

T. 

1 

1 

1 



1 

1 

!       :       < 

1 

1 

DisGulina  Deslongchampa 

T. 
T. 
P. 
A. 
P. 
P. 
T 

' 

1               1 

9 

1 
2 

9» 

1 

Eichwaldia  Billings 

ElkaniaFord 

1 

1 
1 

L... 

f 

Enantioaphen  Whidboruo 

EnteleteB  Fischer  de  "Waldheim 



1 

■*'T""'"" 

2 

1 

1' 

Epicyrta  Deslongchamps 

Etheridgina  (Ehlert 

Eucalathis  Fischer  and  CEhlert 

1 

P. 
T. 
P. 
T. 
T. 

t 



""l""v- 

Eudesella  M.  Chalmas 

' 

1 

— 

1    1 

EudesiaKing 

Eumetria  Hall 

' 

1 

1       1 

4 
4 

4' 

1      1 

Ennella  Hall  and  Clarke 

T.  ' 

4» 

....1 

i"*' 

Euractinella  Bittner 

T. 
T 

1 

Fimbriothyris  Deslongchamps 

Frenolina  Dall 

,        1 

T. 
T 

i 

l"" 

1 

FrieleiaDall 

, 

r""!::::.:::i:7'_ 

C^1^ffi|iA  'nsLvi4iyiT\ 

T. 
T. 
A. 

I: 

T. 
T. 
P. 

1 

1 

1 

i      III 

Glassina  Hall  and  Clarke 

'     '     '....!.. 

Glossina  Phillips 

GlosBothyria  DouviUe 

Glo ttidia  Dall 

2 

13 

5» 

3. 

4« 

1    1    ■■     1 

. 

1 
1 

1 

1         i        1 

Granewaldtia  Tschernyschew 

GypidulaHall 

Harttina  Hall  and  Clarke 

1 

1        ■                II 

1 

1 

|--i-Y-.-V- 

U 

1 
12 

0 

8^ 

1    1    1    ' 

I- ' 

1 

"'"•!'---|— y— f- 

Hebertella  Hall  and  Clarke 

10  » 

2 

■■■■fVT-r- 

Helmersenia  Pander 

T. 
T. 
P. 
T. 

1 

'        !        1 

Hemipronites  Pander 

Hemiptychina  Waagen 

Hemithyris  d'Orbigny 

Heterorthis  Hall  and  Clarke 

' 

....\..J        '  '" 

1 

t 

1 
1 
2 
1 
3 
4 
2 

...1 '           ' 

' 



1 

1 !.___. J.... 

1 

Hindella  Davidson 

2' 

,  _L..i..J  . 

Hipparionyx  Tanuxera 

r-l 

T.' 

T.i    1 
T 

I. 

!    !    1    r 

Homceospira  Hall  and  Clarke 

.    . 

.. 

3 

Hastedia  Hall  and  Clarke 

4> 

....::::r::: 

Hyattella  Hall  and  Clarke 

2' 

I 

Hynniphoria  Sness 

T. 
T. 

1 

Hypothyris  King 

3 
8 

3» 

.-_.L.._ 

Iphidea  Billings 

X 

8* 

-"r--\"-' 

Ismenla  King 

T. 
T. 
T. 
T. 

1 1 

_ 

JuraTella  Bittner 

:::::i:::::i:::;: 

1         1 

1...  1 

- 

...  1.... 

1 1 



1 
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Tablk  I. — Briichiopod  genera  alphaheticaUy  arrangedy  etc. — Contiuiied. 


GODUS. 
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i 
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> 

■p 

ii 

1 

3 

1 

i 
1 

a 

Kayserella  Hall  and  Clarke 

P 



]     j 

' 

Kayseria  Davidson T 

1           i 

1     1 

1 

Eingina  Davidson 

Koninckella  M.  Chalmaa 

T. 
T. 
T. 
T. 
T. 
P 

2 

' 

o 

i       i       1        ; 

— 

SoninGkina  Saea^ 

1 1 ? 

— 

Eonmckodonta  Bittner 

1       i       ' 

!'■** 

Eranasina  Davidson 

Entorffina  BiUinirs 

...... 

1 

1     i     1 
1      1 1 

1 

...._ 

Lacazdlla  M  Chalmaa            .     ...       P 

I"""' 1 "ri'- 

1 

Laequeu»  Dall T. 

, 1 i 1 

— 

Lakmina  CEhlert 

P 

1 

1 

1    1    i 

1                              ! 

Leiorb  jnchas  Hall 

L^pt^na  DalmaT> ,, 

18 
4 
3 
«> 

15' 
2» 
3' 

3 

1 

1        ,        !        ' 

1  =•' 

i» 

...J.. .;....! 

T^pttenisca  Beecher P. 

Leptella  Hall  and  Clarke P 

1  •  I    '    ■ 

2' 
4' 

1    ' 

Leptembolon  Mickwitz 

A 

"     1 

1       1 

1    1    ■ 

Lcpto bolus  Hall 

^ 

1 
4      

I"- 

....J....J......... .... 

Lindstrcemclla  Hall  and  Clarke. . . . 

N. 
A. 
A. 

A. 
A. 

IS" 

11 


102 

1 
2H5 

1 

Lingula  Bra^f iere 

n 

36  «> 
2« 
3 

I 

12 » 

17  » 

_      1      3. 

Lingulasma  Ulrich 

21       19» 
9         03 

j 

Liu^lella  Salter 

hi. 

1 

1        '         1 

Lingulcpis  Hall 

:•-■-■•--' 

Lin^lodiscina  Whitfield 

4 
1 

1 

3» 

!         1 

Lincalobolaa  Matthew 

A 

1 

i        ' 

Liiiguloi>s  Hall !  A. 

3      

4  4» 

1      . 

2 

1 



1         1         1        • 

Linnarsonia  Walcott 

N. 

T 

'         '         1 

Liothvrina  CEhlert 

1 

i        '        !        1 

Linaopleura  Whitfield T. 

Lycophoria  Lahusen P. 

Lyra  Cumberland 1  T. 

LyttoniaWaagen P. 

MacandrewiaKing T. 

Hagaa  Sowerby '  T. 

Magellania  Bayle T. 

Mannia  Dewalqae T. 

MartiniaMcCov      T. 



1 

1      ! 

i 

....,....^....l. ........ 

1 

\""^'"' 

_ 

, 

1 L.. 



1 

1 

1     1 

^       ^ 



I     1. 

1 

1 

1 

i 

......1-^ 

.... 



10 

I 

7' 

3» 

1 

Wj^rtiniooHia  W^aaroTi       .  r  r , , ,   

T. 
P. 
T. 
T. 
T. 
T. 
T. 
T. 
T. 

V 

1 

1 

Meekella  White  and  St.  John 

4 

j 

4) 

1 

Mei?alantcri8  Sness    ............... 

2 

! 

2 

,      1 

Mezathvria  d'Orbirav   

1 

j---Y---|---- 

M^iferiina DedlonsrcliftniDA        .   .... 

-.     1         ..... 

,      1      ^ 

Mentzt'Iia  Onenstedt 

1 



I     ' 

McrifltA  Suefts               •••...•«.•     --. 

1 

3 

21 

3 

1 

3 
20» 

1 

l"">""* 

Merixtella  Hall              

1 

1            ) 

Merifltina  Hall    .... 

3» 

i 

Meaotretfl.  KntoTflfa 

I"" 

1 

Metaplasia  Hall  and  Clarke |  T. 

Mirkwitzia  SUihinidt                                 '  A 

2 

2> 

1 

-f*, •■••!""■ 

— 

' 

'....'  ..L... 

Microthyria  Deslongchamps T. 

Mimnlna  Bflrmnde      *.                                  V 

1 

1            I 

■    i     i' 



1 

1 



1   1   .. 

.  L..J 

Honobolina  Salter 

!n. 



1 L... 

•  >-— ^ 

.... 

..... 

I.... 
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SYNOPSIS  OP   AMERICAN   FOSSIL   BBACHIOPODA.        tBoix.87. 


Tablk  I. — Brachiopod  genera  alphabeiically  arranged,  etc. — Continned. 


0«nnii. 


•2     o 


9    I  S 


Monomorella  Billings A. 

Muhlfeldtia  Bayle T. 

Neobolas  Waagen A. 

NcwlM-rria  Hall T. 

Nfletlingia  Hall  ond  Clark© P. 

Norella  Bifctner T. 

Notothyris  Waagen T.  I 

Nucleatnla  Bittner T.  ' 

Nucleospira  Hall T.  \ 

Obolella  BUlings A  J 

Obolus  Eichwald A. ' 

Oldhamina  TVaagen P . 

Orbicella  d'Orbigny :  N . 

Orbiculoidea  d'Orbigny N . 

Oriflkania  Hall  and  Clarko T. 

Ortbidium  Hall  and  Clarko I  P. 


Ortbis  Dalman 

Ortboidca  Friren 

Ortborbynchnla  Hall  and  Clarke. . . 

Ortbostropbla  Hall 

Ortbothetcs  Fiscber  do  Waldhoim . . 

Orthoticbla  Hall  and  Clarke 

Ortbotropbia  Hall  and  Clarke 

Paraatropbia  Hall  and  Clarko 

Parazyga  Hall  aud  Clarke 

Paterula  Barrande 

Pentactinclln  Bittner 

Pentagonia  Coxzons 

,  PentameroUa  Hall 

Pentamenis  Sowerby 

Peregrinella  CEblert 

Pexidella  Bittner 

PhoUdopsHall 

Pbolidnatropbia  Hall  and  Clarke. . . 

Platidia  Costa 

Platystropbiu  King 

Plectaiubonitcs  Pander 

IMectortbbi  Hall  and  Clarke 

Plcsiotb  \'ris  DouviUe 

Plicigera  Bittner 

Poly  ta'cbia  Hall  and  Clarko 

Pomatospirella  Bittner 


ProductuB  Sowerby 

Propygope  Bittner 

Protorbyncba  Hall  and  Clarko . 

Pseudocninia  McCoy 

Pteropbloios  Gilmbel 


I  il 

I  II 


I 


I 


2      «      g 

Is      t 

O      H      « 


J 1. 

■'     ^     I- 


I         I 


124      2 


i  '  ,- 


2»  i    4» 


\"'\""\' 


40 

1 

1 

48 


1 
I     10 

!    2 

I    1 


6» 


I        I 


16»  j    18« 

1  ! ' 


16« 


12* 


17 

1 


11 


'      1 

1     I    32 
16    i    87 


I    1 
7« 


41 


3« 


61 
3'  , 


I 


i I 


2> 


«:! 


I    I 


I    I    I    I 


289 


1      . 

87«. 

I 


I        I 


.11 
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scHccHEBT.j  GEOLOGIC   DISTRIBUTION  OF   GENERA.  23 

Table  I. — Brachiopod  genera  alphabeticalltf  arranged,  efc.^Coutiiiueil. 


Geniu. 


PtychoBpira  Hall  and  Clarke 

Pugnax  Hall  and  Clarke 

PygopeLlnk 

KafinMsqaina  Hall  and  Clarke 

Bcoaselseria  Hall 

Reticnlaria  McCoy 

BctziaKlng 

RluBtiiiaWaagen 

Bhinobolos  Hall 

Bfaipidomella  (Ehlert 

Sbjnchonella  Fischer  de    Wald- 

heim 

Sh  jnchonellina  Gemmellaro 

JUiynchopora  GShlert 

Rhynchora  Dalman 

Bhynehorina  CEhlert 

Bhynchospira  Hall 

Rb^'ncbotrema  HaU 

Rhymckotreta  Hall 

Rkhthofenia  Kayaer 

RcL-merella  HaU  and  Clarke 

Komingerina  Hall  and  Clarke 

Scaphiocoelia  WUtfield 

Scenidiom  HaU 

Schizambon  Walcott 

Schizoboloa  nirich 

Schizocrania  HaU  and  TV'liitfield . . 

Sehixopholia  Waagen 

8ctiizophoria  King 

ScbJzoirela  Katorga 

SeleneUa  Hall  and  Clarke 

Seminnla  McCoy 

SlphoDotreta  de  YemenU 

Spbaerobolas  Matthew 

Spirifer  Sowerby 

Spiriferina  d'Orbigny 

SpirigereUa  Waagen 

Spondylobolos  McCoy 

Streptia  Davidson 

Streptorbynchas  King 

Stricklandinia  milings 

Stringocepbalas  Befrance 

Stroph43osla  King 

Stropheodonta  Hall 

Steophomena  BlainviUe 

StropboneUa  Hall 

Soessia  Deslongchamps 

Syntrophia  Hall  and  Clarke 

Syringotby ris  WincheU 

Terebratalia  Beecber 


S 

o 

|.i 

r 


12 


....  21 

...-■  9 

1     I  22 

1     I  0 

I 


^  L.  >]  L<  ll 


||  i  FJ  i 


'Ji        M       Pni       ,H>-»^HPh 


20«     ?!• 


I 


,1 


fl 


9 

I0«  '     10*    ...} 
2  .'3        ?  ' 


I        I 


A 

3 
U 

o 

L... 

?, 

1 , 1 

P. 

44 
104 

8> 
22« 

24';    135 

33'  1    32» 

1                 ' 

T. 
T 

8^ 

3       2       3     1  1      _ 

T 

1 

1 

1' 

1 

T 

1 

T 

I              !                1           '           ' 

.... 

T 

10 
8 
1 

i 

3  •  1     5  •  '       ** 

T 

1    7« 

i 

^ 

, 

T 

1' 

.....L../"i 

p 



1          

a. 

1 

1 
1 

1« 

1       ■■■■■■■ 

T 

1- 

■■■■!■■"■  "■■"• 

T 

0. 

1 

P 

■■ :  1 

2» 

1 

'    .-v-,-- 

N 

■ 

'    1    1 ■■"■ 

A 

1 
5 

V 

i I""' 

N 

1 
2 

4 
1 

3. 

J        !        '                ' 

p 

......  . 

'                       f' 

p 

13 
5 
1 

16 
2 

1            OS  .        3-^ 

:     r".     ,••- 

IS" 

.;./..■ 

1' 

1 

1    ,■•--,.—,--- 

T, 

1 

■       1       1       ;       1 

T 





1«« 

'       ■       ;       1 

N 

1     '>  1 



........ 

A 

1         1 

"■■■■■■■'■::'.:  ■'■■'■■'"t:;- 

T 

177 
19 

IST  1  92"     7ft" 

..'    '    1 

T 

1 

15' 

4 '_':::.;:::: 

T 

1 

A 

...  .I 

1  1 

p 

1 



1 
1 

1 

1 
2 
17 
1 
12 
58 
47 
16 

1> 

::.}  \J-\-- 

p. 

1 

2 

n 

1  1 

p 

*l 

..V 

n 

5> 
46" 

2 
1?* 

1  1 

T 

1 

' 

p 

'"*'   1 ^ 

7 

1 

p. 

1 

:::::;3i'" 

12. 
13 

4. 

!     1 

p 

■ 

-\"-\'- 

P 

............. 

T 

..j:_i::::l;: 

p, 

7 
9 

61      1 

1 ! 

'  1  1 

T 

1 

0» 

"'T*'"' 

T. 

1 

i 

i     i     ■     1 
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24  SYNOPSIS   OP   AMERICAN   FOSSIL   BRACHIOPODA.        [bull.  87. 

Table  I. — Brachiopod  genera  alphabetically  arranged,  etc — Continued. 


Grenns. 

T. 
T. 
T. 
T. 
T. 
P. 
P. 
P. 
T. 
T. 
A. 
A. 
T. 

^1 

1 

20 

q 

1 
o 

I 
•g 

o 

i 

1 

i 
1 

s  0 

1 

.2 

ft 

6 

^ 

1 
i 

1 

1 

£ 

Tcrobratella  cl'Orbienv 

5 
22 

! 

1 

_!    . 

Tcrcbratula  Llhwyd 

3> 

10 

3 

2  !    2 

2  ' 

Toroliratiiliii!!  d'Orbiiniv  ....  . 

6 

2 

TctractiucUa  Bittner 



Theciclella  M.  Chalmaa                 

— 

Thecidla  JDofrance                         .   - 

? 

— 

TlieciflionHia  M.  Clialmaa     .     . 

Thecocvrtella  Bittner          .... 

1 

1 , 



Thecospira  Zugmeyor 

1 

1     ! 

— 

Thysanotos  Mickiritz 

__ 

Tomasina  Hall  and  Clarko 

1 

•    1 

Torynifer  Hall  and  Clarke 

'    1 

1 

"T" 

Trcniatis  Sharpe 

'u. 

i    ' 

Trematobolus  Matthow 

Ts". 

1 

.     ' 

1 

Trematoapira  Hall '  T. 

Trigeria  (Bayle)  Hall  and  Clarke..    T. 

1    12 

2     1      3 

1 

1 

11' 
3 



Trigonoaemns  Koonig 

T. 
A. 
P. 
T. 
T. 
T. 
T. 
T. 
T. 
N. 
T: 

— 

Trimerella  Billings 

5 



• 

5» 
2 

.'... 

Triplecia  Hall 

7 

2 

5 

1 

Tropidoleptos  Hall 

2« 

Uncinella  Waagon 



Unciuulus  Bayle 

8 

11  i     73 

1 

ITncitflH  D^frano-o  . , . , 

1'" 



1  .. 

1 

Verneuilia  Hall  and  Clarke 

■ 

VituUnaHaU 

1 

1' 

Volborthia  von  Moller 

Whitfieldella  Hall  and  Clarke 

____ J     1. 

11  « 
4» 

2 

1 

T.':::::i  ". 

Zeilleria  Bayle 

T. 
T. 
T. 
T. 

1 

Zellania  Moore 

— 

Zngmey cria  Waagen 

T-vp^mvixn  Hall , .   , . 

14     

10  » 

3 

1 

1 

i"  ■ 

Total 

154      1KQ4    .10» 

311    'sio   lass    ,482      in  :    >>  !  22  i    d 

32 

1 
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scHccHERT]     EEPBE8ENTATI0N  OF  THE  ORDERS  AND   FAMILIES.       25 


Table  II. — North  American  Paleozoic  repre$eHtaiion  of  the  orderB,  §upwfamilie$f  and 
familieBf  geologically  arranged. 


Order,  saperfamilv,  and  family. 


4 

?5 


I 


43 


Order  Atremata 

Superf.  Obolaoea 

Fam.  Paterinidie 8 

Obolidm 17 

TrimerellidsB 20 

Saperf.  Lingalacea 153 

Fam.  LingalellidaB 35 

LiDgnlid® 113 

Lingulaamatidie 5 

Order  Keotremata 153 

Snpcrf.Ducioacea 99 

Fam.  Trematids .'  24 

Dificiiiidn 50 


Acrotretidn 

SiphoDotretidfB  . 

Saperf.  Craniacea 

Fam.  Craniidn 


16 
7 

54 
54 

Order  Protremata *. j    735 

Saperf .  Thecacea |    608 

Fam.  Kntorginidie 1 

EichwaldUdw 1       6 

BilliDgaellid» 12 

Strophomenidse I    211 

Prodactidse '    186 

Orthidie !    192 

Snperf.  Trullacea 127 

Fam.  Clitambonitidie 0 

Syntrophiide 7 

Porambonitids 24 

Pentamerids 87 

Order  Telotremata I    762 

Saperf.  Rofltracea 197 

Fam.  ProtorhynchideB |        3 

RhynchonellidsD |    194 

Saperf .  Terebratalacea 79 


1 


Fam.  CentroneUida) 

Terebratalid» 

Tropidoleptiids |       2 

Saperf.  Spiriferacea j    486 

Fam.  Atrypids 45 

SpiriferidflB 

Athyrida) 


278 
163 


19 
9 
1 
4 
4 
10 
4 
4 
2 

21 
18 
4 
5 
5 
3 
3 
3 

62 

45 

1 

2 

1 

19 
9 
13 
17 
3 
1 
3 
10 
76 
14 
1 
13 
10 
8 
10 
1 
43 
8 
11 
24 


i 

m 


57 
22 
8» 
16  « 


35 

28* 

7 


II 

c 

00 
6 


i    !  i 


20 
10 


1 
]5» 

1 

1 

1 
22 
10 

1 


9' 


a 


31 
17 


llii 
isjl 


3 

3' 
54      i 

I    ""i 
I    *' 

I     u 

:   30   I 
,   "•  I 

6» 

I         1» 

I  H  i 

14* 
i     173 
,     152 


17  • 
14 

13' 

1 
21 

8 

2 

6> 


::o 

1» 

29* 


42 

20 
2' 


1 
2 
65" 


13 
13» 
161 
06 


22 

224 
210 
185 


84  >' 
21 
6» 

1 
14* 


5» 

I  l 

5>  I 

37'  I 
65 

1  I 


77  »« 
60  »* 
48 '•  I 
25 
2'     I 


20 
18 
1» 
17  10 


10 
54" 
109 
37 


VT 


37  « 

1 


23« 

869 

94 


2      I 


1» 

1 


71 
14' 
24 »» 
33  »* 


94» 
50 
26* 
22  " 
2' 

225 
18 

138  « 
69  « 


21 

•:i> 


20 
22 
3> 
10« 


4 

41 

179 

160 


26* 

125« 

18* 

10 


10« 
269 
49 


49» 
30 
4« 

26» 


190 
14« 

115" 
61  u 


Digitized  by  LjOOQIC 


26 


SYNOPSIS   OF   AMERICAN   FOSSIL   BRACHIOPODA.        [buix-ST. 


TABLES  OF  NORTH  AND   SOUTH  AMERICAN  SPECIES 
GEOLOGICALLY  ARRANGED. 

Table  III,  Cambrian.— Table  IV,  Ordovician.— Table  V,  Silurian.— Tabijs  VI, 
Devonian.— Table  VII,  Carboniferous  and  Permian. — Table  VIII,  Mbko- 
ZOIC— Table  IX,  Cenozoic  and  Recent.— Table  X,  South  American  Fossil. 
Bracmiopoda. 

Table  III. — Cambrian  Brachiopoda, 

[Species  preceded  by  an  anterisk  (*)  are  found  in  the  Ordovician  alao.] 


Species. 


Acrothele  ( 7)  dichotoma  Waloott 

Acrothele  matthewi  (Hartt) 

Acrothele  matthewi  costata  Matthew 

Acrothele  matthewi  lata  Matthew 

Acrothele  matthewi  prima  Matthew 

A  crothele  Buhaidua  ( White) 

Acrotreta  baileyi  Matthew 

Acrotreta  gemma  Billings 

Acrotreta  gemma  depressa  Walcott 

Acrotreta  gemmula  Matthew 

Acrotreta  microscopica  (Shomard) 

Billingsella  alberta  (Walcott) 

BiUingseUa  billingsi  (Hartt) 

Billingsella  coloradoensis  (Shomard) 

Billingsella  fesUnaU  (Billings) 

Billingsella  latonrensis  (Matthew) 

Billingsella  orientalis  ( Whitfield) 

Billingsella  qoacoensis  (Matthew) 

Billingsella  transrersa  (Walcott) 

BUlingsella  whitfieldi  (Walcott) 

Botsfordia  pnlchra  Matthew 

Crania  ( f )  columbiana  Walcott 

Dalmanella  melita  (Hall  and  Whitfield) 

Diacina(f)inutUi8Hall 

Discinopsis  gallelmi  Matthew 

Elkania  desiderata  (BiUings) 

Iphideabella  Billings 

Iphidealabradorica  (Billings) 

Iphidoa  labradorica  swantonensis  (Walcott). 

Iphidea  omatella  Hall  anj^  Clarke 

Iphidea  pannola  (White) 

Iphidea  prospectensis  (Walcott) 

Iphidea  sculptills  (Meek) 

Iphidea  stiasingensis  (Bwight) 

Kntorgina  cingolata  Billings 

Katorgina  ( f )  pterineoides  Matthew 

Lingula  ( f)  calnmet  K.  H.  Winchell 

Lingnla  (?)  elliptica Emmons 

Lingala(f)manticala  White 

Lingnla  (?)  mosia  Hall 

Lingnla  (?)  murrayi  Billings 

*Lingula  qaebecensis  Billings 

Lingnla  (7)  striata  Emmons 

Lingulella  ampla  Owen 

Lingnlella  aurora  HaU 


Lower 
Cam- 
brian. 


X? 


Middle 
Cam- 
brian. 


Upper 
Cam- 
brian. 


X 
X 


X 
X 
X 

X 
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BpedM. 


LingalelU  (t)  billingBana  (Whiteavea)  ... 

LinRQleUa(r)celata(HaU) 

Lingnlella  dawaoni  Matthew 

LingnleUa  ella  (Hall  and  Whitfield) 

Lingnlella  granTillenaia  Walcott 

LiogDlella  ( f )  inflata  Matthew 

Lingnlella  ( ?)  inflaU  oralis  Matthew 

^Lingvlella  Irene  (BUlinefl) 

Lingnlella  IsDA-ia  Matthew 

LingakUa  lamborni  Meek 

Lingnlella  lingnloldee  Matthew 

Lingnlella  macconelli  Walcott 

Lingnlella  nutrtinenais  Matthew 

^Lingnlella  minnta  Hall  and  Whitfield . . . . 

LingnleUaradnla  Matthew 

Lingnlella  starri  Matthew 

Lingnlella  starri  minor  Matthew , 

Lingnlella  stoneana  Whitfield 

Lingnlella  winona  Hall 

Lingnlepia  acnminata  (Conrad) 

Lingnlepia  acutangnla  (Roemer) 

Lingnlepia  cnneolna  Whitfield 

*  Lingnlepia  ( f )  miera  Ball  and  Whitfield . . 

Lingnlepia  matinaUa  Hall 

Lingnlepia  pinniformia  Owen 

Lingnlepia  prima  (Hall) 

Lingnlepia  prinueformia  Whitfield 

Linnaraonia  helti  Davidaon  1 

Linnar8oniaml8era(BillingB) 

Linnaraonia  pretioaa  (Billinga) 

Linnaraonia  aagittaUa  taconioa  Walcott ... 

Linnaraonia  tranaTer8a(Hartt) 

OboleDaatlanticaWaloott 

Obolella  chromatica  Billinga 

Obolella  clrce  BUlinga 

Obolella  craaaa  (Hall) 

'Obolella  ( ?)  diacoidea  Hall  and  Whitfield . 

Obolella  gemma  Billinga 

Obolella  (f)  gemmnhi  Matthew 

•Obolella  (r)ida  Billinga 

Obolella  minnta  (Hall  and  Whitfield) 

Obolella  nana  Meek  and  Hayden 

OboleUanitidaFord 

ObolelU  pectenoidea  Whitfield 

Obolella  poliU  Hall 

Obolna  ( ?)  m^or  MaUhew 

Obolna  (?)  murrayi Billinga 

Obolnapriatinna  Matthew 

Obolna  pnlcher  Matthew 

Obolna  re  fulgena  Matthew 

Orbicn]a(f)excentricaSmmona 

0rthi8(?)apicaUaBiDinga 

Orthia  (?)  enrekenaia  Waloott 

Orthia  (?)  high  land  wiaia  Waloott 


Lower 
Cam- 
brian. 


Middle 
Cam- 
briaa. 


Upper 
Cam. 
briaa. 


>^7 


Xf  ' 
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SYNOPSIS  OF   AMERICAN  FOSSIL   BRACHIOPODA. 


[bull.  87. 


Table  III.— Cam&nait  Brachiopodth-Contmued. 


Speoies. 


Lower 
Cam- 
brian. 


Ortliis  (?)  lenticnlaris  Wahleuberg 

Orthis  ( ?)  lenticularis  atrjpoidea  Matthew 

Orthis  ( ?)  lenticnlaria  lyncioides  Matthew , 

Orthis  ( ?)  lenticnlaria  strophomenoides  Matthew 

Orthis  (?)remnlchiaN.H.Winchell 

Orthis  (?)  salemenais  TValcott ". 

Orthis  (I)  BandbergiH.H.Winchell 

Orthisina  ( ?)  johannensis  Matthew 

Protorhyncha  ( 7)  antlqaata  (Billings) 

Protorhyncha  ( 7)  minor  (Waloott) 

Syntrophia  arachno  (BiUings) , 

Syntrophia  arethusa  (Billings) 

Syntrophia  ( 7)  armanda  (Billings) 

Syntrophia  barabuensis  (A.  Winchell) ' 

Syntrophia  calcifera  (Billings) 

Syntrophia  prlmordialis  (Whitfield) 

Trematobolus  insignia  Matthew ' j 

Number  of  Cambrian  species,  116. 

H  nmbor  of  species  in  each  division 

Number  of  species  common  to  the  Lower  and  the  other  divisions  of  the  ' 

Cambrian 

Number  of  B])ecies  common  to  the  Middle  and  the  other  divisions  of  | 


Middle 
Cam- 
brian. 


Upper 
Cfam- 
brian. 


X 
X 

X 
X 
X 


X 
X 
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X 
X 
X 
X 
X 
X 


the  Cambrian 

Number  of  apecies  common  to  the  Cambrian  and  Ordovioian  system,  C. 
Number  of  species  passing  from  each  division  into  the  Ordovician. . . 


51 

1 
1 
0 
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Table  IV.— Ordotrictan  Braokiopoda. 

[Bi = Birdseje ;  BR = BUck  River ;  Ci  —  Cinoiimatl  and  Lorraine ;  EO  -^  Eoordorlclan ;  MO  ~  MeM- 
ordoTlcian ;  N0=  Neoordoviciiw :  T :-  Trentou ;  U  =  UUca.  Species  preceded  by  an  Mteriak  (' )  are 
found  in  the  Silnrian  also ;  by  an  obelisk  (f ),  in  the  Cambrian.] 


Species. 


BiUingseliA  <  f)  grandsxa  (Billings) 

Billingsella  ( F)  primordialis  (Whitfield) 

CamarelU  ambigna  (Hall) 

Camarella  brevlplicata  Billings 

Cam«reUa(?)  coetata Billings 

Camarella  longiroatrom  Billings 

Camarella  panderi  Billings 

Camarella  parra  Billings 

Camarella  polita  Billings 

Camarella  varians  Billings 

Camarella  rolborthi  Billings 

Camarotcechla  plena  Hall 

Catasyga  erratica  HaII 

Catasyga  headi  (Billings) 

Cliuunbonitee  ( f )  borealis  (Castelnau) 

Clrtambonites  diTersa  (Shaler) 

Clitambonites  diversa  aldssima  Winchell  and  Schuchert. 

Clitambonites  plana  retroflexa  de  Yemenil 

Conotreta  mad  Walcotfc 

Crania  albersi  Miller  and  Faber 

Crania  (?)  dcformis (Hall) 

Crania  dyeri  Miller 

Crania  granaloea  If .  H.  Winchell 

Crania  telia  Hall 

Crania  ( f)  revorsa  Sardeson 

Crania  scabiosa  Hall 

Crania  setigera  Hall 

Crania  socialis  Ulrich 

Crania  trentonenais  Hall 

Craniella  (?)  ulrichi  Hall  and  Clarke 

Cycloepira  bisnlcata  (Emmons) 

Dalmanella  amceiia  N.  H.  WincheU 

Dalmanella  bellnla  (James)  Meek  sp 

DalmanellA  crispata  (Emmons) 

Dalmanella  electra  (Billings) 

Dalmanella  electra  mi^or  Matthew 

Dalmanella  electra  IffiTis  Matthew 

Dalmanella  (?)  eradne  (Billings) 

Dalmanella  hamborgensis  (Walcott) 

Dalmanella  madeodi  (Whitfield) 

Dalmanella  (r)plicifera  (Hall) 

Dalmanella  pogonlpensis  (Hall  and  Whitfield) 

Dalmanella  stonensis  (Safford) 

Dafananella  snb»qnata  (Conrad) 

Dalmanella  sobeqaata  circnlaris  N.  H.  Winchell 

Dalmanella  snbeeqnata  conradi  TS.  H.  Winchell 

Dalmanella  snbiBqnata  gibbosa  Billings 

Dalmanella  snbseqnata  perreta  (Conrad) 

Dalmanella  tarsna  (Sardeeon) 


EoordoTician. 


Calcifer- 
ous. 


Cliasy. 


Xf  i. 


X 
X 
X 
X 


Mesoordo-    Neoordc»< 
▼ician.         ririan. 

Trenton.      Clncin- 
Black  River,     nati, 
Birdseye.       Ftica. 


BR 


BR 


T 
T 
T 


T 
T 
T 
T 


T 
T 
T 
T 
BR.T 
T 


(i 

r.ci 


U.Ci 


U,('i 
Ci 


Ci 
Ci 
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SYNOPSIS   OP   AMEBIC  AN   FOSSIL   BBACHIOPODA.         [bull.  87. 


Table  IV. — Ordavioian  Brachiopoda — Continued. 


Species. 


Dalmanella  testndiiuuia  (Dalnum) 

Balmanelia  testadinaria  emacerata  Hall 

Dalmanella  teetudinaria meeki  (Miller) a. 

Dalmaiiella  teatudinaria  multiaecta  (James)  Meek  sp. .. 

Dinobolus  canadensis  (Billings) 

Dinobolus  magnifioas  (Billings) 

Dluobolus(?)parTiiB  Whitfield 

Dinorthis  defleota  Conrad 

Dlnorthis  fonOnalis  (White) 

Dinorthis  iphigenia  (Billings) 

Dinorthis  meedsi  WincheU  and  Schnchert 

Dinorthis  meedsi  germana  WincheU  and  Schnchert 

Dinorthis  pectinella  (Emmons) 

Dinorthis  pectinella  s weeneyi  N.  H.  Winohell 

Dinorthis  platys  (BUlings) 

Dinorthis  porcata  (McOy) 

Dinorthis  proarita  WincheU  aud  Schnchert 

Dinorthis  retroTsa  (Salter) 

Dinorthis  sahquadrata  Hall 

Discina(f)  sablameUosa Ulrich 

Eichwaldia  subtrigonalis  BiUings 

Elkania  ambigaa  (Walcott) 

Glassia  romingeri  HaU  and  Clarke 

61ossinacrassa(HaU) 

Gloasina  cyane  (Billings) 

Gloasina  deflecta  WincheU  and  Schnchert 

Gloseina  hurlbttti  N.  H.  WincheU 

Glossina  trentonensis  (Ck>nrad) 

HeherteUa  battis  (BUlings) 

Hebertella  bellarngosa  (Conrad) 

HeberteUa  boreaUs  (BUlings) 

Hebertella  imperator  (BUlings) 

Hebertella  inscnlpta  HaU 

Hebertella  lonends  (Walcott) 

HeberteUa  maria  (BiUlngs) 

HeberteUa  occidentalis  HaU 

HeberteUa  occidentalis  sinnata  HaU 

Heterorthis  dytie  Hall 

Leptena  charlottm  WincheU  and  Schnchert 

*Leptfena  rhomboidaUs  (WUckens) 

Leptsena  unicoetata  Meek  and  Worthen 

Leptella  sordida  (Billings) 

Leptella  decipiens  (BUUngs) 

Leptobolas  grandis  Matthew 

Leptobolus  Insignis  HaU 7. 

Leptobolus  lepis  HaU 

Leptobolns  occidentaUs  HaU 

Lingula  lequails  HaU 

LingnUbeUi  BUlings 

X«ingula  beltraml  WincheU  and  Schnchert 

Lingula  bisnlcata  ITlrich 

Llngola  briseiB  BiUlngs 


Eoordovician. 


Caloifer- 
ous. 


Chasy. 


Trenton, 

BhickRirer, 

Blrdseye, 


Mesoordo- 
vician. 


Bi,  BR,  T 


BR,T 

BR,T 

T 

T 


Neoordo- 
▼ician. 


Cincin- 
nati, 
Utica. 


T 
BR,T 


T 
T 
T 


U,Ci 
U 
Ci 

U 


Ci 
Ci 
Ci 
CI 
Ci 


Ci 
U 


Ci 


Ci 
Ci 
Ci 


ir,Ci 
Ci 


u 
u 

u 


Ci 

XT 
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BpedeA. 


Lingnla  ( ?)  canadensiB  Billinga 

Llngula  cincioDatieiisis  Hull  and  Whitfield 

LiDgiila  clathrata  WinchGll  and  Schnchert 

Lingnla  eoboiirg«nsis  BiUings 

LingnU  covingtonenaLi  Hall  and  Whitfield 

Lingula  carta  Connul 

Lingnla  (?)  dolata  Sardeaon 

Lingnla  elder!  Whitfield....'. 

Lingnla  elongata  Hall 

Lingnla  era  Biliings 

lingnla  forbeai  Billings 

Lingnla  howleji  ICattheir 

Lingnla  hnronensia  BillingB 

Lingnla  iole  BiUingB 

Lingnla  iowensls  Owen 

Lingnla  iria  BiUinga 

Lingnla  klngatonenais  BQUnga 

LingnUlyelliBillingB 

Lingnla  mantelUBillingB 

Lingnla  modeeta  TJlrich 

Lingnla  moraii  N.  H.  Winchell 

Lingnla  nympha  Billings 

Lingnla  obtoaa  Han 

Lingnla  papulosa  Emmons 

Lingnla  iierryl  Billings 

Lingnla  philomela  Billings 

Lingnla  pn^ne  Billings 

tLingnlaqnebecensis  Billings 

Lingnla  rectilat^ratiB  Emmons 

Lingnla  ricinifoimia  Hall 

Lingnla  riciniformis  galenensis  Wincbell  and  Schnchert . 

Lingnla  Tanhomi  HiUer 

Lingnla  whitfieldi  Ulrich 

Lingnlasma  galenensis  Wincbell  and  Schnchert 

Lingnlasma  sehncherti  XTIrich 

Lingnlella  ( f )  cnneata  Matthew 

tLingnlella  Irene  (Billings) 

f  Lingnlella  minnta  Hall  and  Whitfield 

Lingulelta  roberti  Matthew 

Lingnlella  selwynl  Matthew 

tLinga!e|>is(  9)  nuBra  Hall  and  Whitfield 

Lingnlobolns  aiBnis  Billings 

Lingnlobolna  affinls  cnneata  Matthew 

Lingnlops  norwoodi  (James) 

Lingnlope  Whitfield!  Hall 

10boleUa(?)diacoidea  Hall  and  Whitfield 

10bolella(f)ida  Billings 

Orbiculoidea  lam^oaa  Hall 

Orbieoloidea  tennistrUta  (Ulriob) 

Ortfaidium  gemmicnla  (Billings) 

Orthiji(f)acuminaU  Billings 

Orthis  caranali  Salter 


Soordovician. 


vician. 


Calcifer- 


!  Trenton, 
Chasy.    Black  Rivrr, 
I  Blrdseye. 


Neoonlo- 
Tldan. 

Clndn. 
natl. 
Utica. 


Xf 


T  :. 

T  i. 

T  i. 

T 


T 

T 

BK 


BR 


T 
T 


T 
T 
T 
T 
T 
T 
T 


Ci 
Ci 


Ci 


Ci 


U.Cl 


C. 
t 

Ci 


Ci 
Ci 


Ci 


Ci 
U 
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Tablb  IV. — Ordovician  Brachiopoda — Continned. 


Species. 


Orthis  ( ?)  centrilineaU  Hall 

OrthiB  corinna  Billings 

Orthis  costalia  Hall 

Orthis  (?)  delicatnlaBiUlngs : 

Orthis  (7)  desmoplcura Meek 

Orthis  (!)  eudocia Billings 

Orthis  oaryone  Billings 

Orthis  hippolyte  Billings 

Orthis  ( 7)  holstonl(SaflFord)  Hall 

Orthis  (?)  leptronoides  Emmons 

Orthis  menapiiB  Hicks 

Orthis  (?)  minna Billings 

Orthis  ( ?)  morrowensis  Jamos 

Orthis  (?)  mycalo  Billings 

Orthis  panderiana  Hall 

Orthis  (?)  pigra Billings 

Orthis  (?)porcia  Billings 

Orthis  (?)pumllainrich 

Orthis  (?)saffordlHaU  and  Clarke 

Orthis  (?)  sola  Billings 

Orthis  trtcenaria  Conrad 

Orthis  (?)  tritonia Billings 

Orthorhynohula  linney i  (James) 

Parastrophia  divergona  Hall  and  Clarke 

Parastrophia  hemiplicata  Hall 

Parastrophia  hemiplicata  rotanda  (Winchell  and  Sohnch- 

ert) 

Parastrophia  obscnra  (Hall  and  Whitfield) 

Parastrophia  scofieldi  (Winchell  and  Schnchert) 

Paterala  amii  Schuchert 

Pholidops  cincinnatiensis  Hail 

Pbolidops  subtmncata  Hall 

Pholidops  trentonensis  Hall 

Pholidops  trentonensis  minor  Winchell  and  Schuchert. . . 

Platystrophia  acuminata  James 

Platystropbia  acntilirata  (Conrad) 

*  Platystrophia  hiforata  (Schlotheim) 

Platystrophia  crassa  (James) 

Platystrophia  laticostata  Meek 

Platystrophia  lynx  (Eich^rald) 

Plectambonites  gibbosa  Wincbell  and  Schuchert 

Plectambonites  plicatella  (Uliioh) 

*  Plectambonites  sericea  (Sowerby) 

Plectorthis  leqxiivalvis  Hall 

Plectorthls  dichotoma  Hall 

Plectortfcis  eUa  Hall 

Plectorthis  flssicosta  Hall 

Plectorthis  Jamesi  Hall 

Plectorthis  kankakeusis  (McChesnoy ) 

Plectorthis  plicatella  Hall 

Plectorthis  sectostriata  (Ulrich) 

Plectorthis  ttiplifiatella  (Meek) 


Eoordovician. 


Calcifer- 
ous. 


Chazy. 


X? 

X 

X 

X 

X 


Mesoordo- 
vician. 


Trenton, 

Black  Biver^ 

Birdseye. 


Neoordo- 
vioian. 


Cincin- 
nati, 
UticA. 


T 
T 


T 
T 


BR,T 


BR,T 


Ci 


Ci 


Ci 


Ci 


Ci 
Ci 


Ci 
Ci 


Ci 
Ci 
U.Ci 
Ci 
Ci 
Ci 


U 
r,Ci 
Ci 
Ci 
Ci 
Ci 
Ci 
CI 
U,Ci 
CI 
Ci 
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Tablb  IY.-— Ordarioian  Braehiopoda^-ConUuued, 


SpiMSiM. 


Plectortbis  wbiifieldi  (N.  H .  WincheU) 

PolytoechU  apicalia  (Wlutfield) 

ProtorhjDclia  dabia  Hall 

Raflaesqaiiia  alternata  (Conrad)  Emmons 

Rafinesquina  alternata  alternistriata  Hall 

Kafineaquina  alternata  fracta  (Meek) 

Kafineaqnina  alternata  loxorhytia  (Meek) 

Bafinesquina  alternata  nasuta  (Conrad) 

Rafinesquina  (f)ataya(Mattbew) 

*  Rafinesquina  ceres  (Billings) 

Rafinesqaina  deltoidea  (Onrad) 

Rafinesquina  fasciata  Hall 

Rafinesquina  imbrex  (Pander) 

Rafinesquina  incrassata  (Hall) 

Rafinesquina  kingi  (Wbitfield) 

Rafinesquina  lata  WhiteaTes 

Rafinesquina  mesacosta  (Sbnmard) 

Rafinesquina  minnesotensis  (N.  H.  Wincbell) 

Rafinesquina  minnesotenslB  inqnaasa  (Sardeson) 

Rafinesquina  nitens  (Billings) 

Rafinesquina  squamula  (James) 

Rafinesquina  ten ailineata  (Conrad) 

Rafinesquina  ulricbi  (James) 

Retzia(?)  granulifera  (Meek) 

Rbyncbonella  ( ?)  acntirostria  Hall 

RbyncboneUa  ( f)  anticostiensis  Billings 

Rbjnebonella  (?)  corintbia  Billings 

*  Rbyncbonella  ( ?>  janea  Billings 

Rbyncbonella  (?)  neenab  Wbitfield 

Rbyncbonella  ( ?)  orientalis  Billings 

RbyncboneUa  (?)  sordidaHall 

Rb J  ncbonella  ( ?)  snbtrigonalis  Hall 

Rhyncbotrema  ainslsBi  (K.  H.  Wincbell) 

Rbjncbotremacapax  (Conrad) 

Rbjncbotrema  dentata  (Hall) 

Rbynebotrema  inequivalTis  (Castelnau) 

Rbyncbotrema  innquiTslvis  laticostata  Wincbell 

Scbucbert 

Rhyncbotrema  ottawaensis  (Billings) 

Rbyncbotrema  perlamellosa  (Wbitfield) 

Scenidium  an  tbonensis  Sardeson 

Scenidium  (?)  merope  (Billings) 

Scbizambon  ( ?)  dodgii  Wincbell  and  Scbucbert 

Scbizambon  ( ?)  fissus  canadensis  Ami 

Scbizambon  ( ?)  lockii  Wincbell  and  Scbucbert 

Scbizambon  typicalisWalcott 

ScbizoeraniaflloaaHall 

Schizocrania(?)rudisHall 

Scbizocrania  scbncbertl  Hall  and  Clarke 

8cbixotretaconica(I>wigbt) 

Scbixotreta  minotnla  Wincbell  and  Scbucbert , 

Schisotrsta  oralis  Hall  and  Clarke 

BuU.  87 3 


and 


Eoordorician. 


Caloifer- 


Cbazy. 


Meeoordo- 
▼Ician. 


Trenton 

Blsck  River. 

BIrdseye. 


Keoordo- 

▼Ician. 

Cincin- 
nati. 
VUca. 


BR,T 


BR 


Tl 

T    ! 
T 


CI 


r.ci 

Ci 
Ci 
Ci 

Ci 


Ci 
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Ci 
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Tablb  lY.^Ordovician  Braehiopoda-^ontmued. 


SpeciM. 


SohiEOtreU  polopea  (Billings) 

Siphonotreta  ( ?)  micnU  MoCoy 

Slphonotireta  ( f)  minnesotensis  Hall  and  Clarke 

Sphferoboloa  apiatiis  Billings 

Stropliomena  approximata  (James) 

Strophomena  ( f)  arethusa  Billings , 

Stropbomena  billingsi  Winohell  and  Schuchert 

Strophomena  oardinale  (Whitfield) 

Stropbomena  conradi  Hall 

Stropbomena  (f)declivls  James 

Stropbomena  emaciata  Winchell  and  Scbuobert 

Stropbomena  flnctuosa  Billings 

Stropbomena  ballU  liillor 

S  tropbomena  beouba  Billings 

Stropbomena  (f)  imbecills  Billings 

Stropbomena  incurvata  (Sbepard) 

Stropbomena  IflDTis  Emmons...  4 

Stropbomena  ( ?)  minor  (Waloott) 

Stropbomena  neglecta  (James) 

Stropbomena  neglecta  acnta  Wincbell  and  Scbnobert . 

S  tropbomena  nutans  Meek 

Stropbomena  planoconveza  Hall 

Stropbomena  planodorsata  WiDcbell  and  Sobncbert... 

Stropbomena  mgosa  (Baflnesque)  Blainville 

Stropbomena  nigosa  Hubtenta  Hall 

Stropbomena  soofieldi  Wincbell  and  Sobncbert 

Stropbomena  septata  Wincbell  and  Scbncherc 

Stropbomena  sinnata  Meek 

Stropbomena  sulcata  (Yemeuil) 

Stropbomena  tbalia  Billings 

Stropbomena  trentonensis  Wincbell  and  Scbucbert  . . . 

Stropbomena  trilobata  (Owen) 

Stropbomena  veto sta  James 

Stropbomena  wincbelli  Hall 

Stropbomena  wisconsinensis  Wbitfleld 

Syntropbia  lateralis  (Wbitfleld) 

Trematis  crassipnncta  ITlrlcb 

Tremati8(f)dyepi  Miller 

Trematis  fragllis  TJlricb 

Trematis  bnronensis  BUlings 

Trematis  millepnnctata  Hall 

Trematis  montrealensis  Billings 

Trematis  oblata  TJlricb 

Trematis  ottawaensis  Billings 

Trematis  pnnctostriata  Hall 

Trematis  (f)pustalosa  Hall 

Trematis  qnincaneialis  Miller  and  Dyer 

Trematis  reticnlaris  Miller 

Trematis  terminalis  Emmons 

Trematis  nmbonata  TJlricb 

Triplecia  cnspidata  Hall 

Triplecia  eztans  (Emmons) 


EoordoTician. 


Calcifer- 


X  ? 


Chazy. 


Mesoordo- 
Tician. 


yeoordo- 
viciaa. 


Trenton,  |  Cincin- 
BlackRiver,      nati, 
Birdseye.  i    Utica. 


T     I 


T    I 


T    !. 


T 
Bi 


T 
BR 


Ci 


Ci 
CI 


Ci 
Ci 


U 
Ci 
Ci 


Ci 
Ci 
Ci 
Ci 
Ci 
Ci 
Ci 


J I 

.i  T  I 

T    ' 

J I  Ci 

.1 1  Ci 

J  T    I 
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Ci 
Ci 
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Tabus  IV.—OrdovMan  Bnuhiopodt^'^oniiantd, 


SpeoiM. 


BoordoTieian. 


Matoordo- 
▼ieian. 


ddeifer- 
ona. 


Tripletift  nncleo*  Hall 

Triplecia(?)ndiata  Whitfield 

Triplecia  nlrichi  Wlnchell  and  Schncheri 

Zy  goepira  dnciiniatienais  Meek 

Z jgwpiza  conoenlrica  TTlrich 

Zygoepiza  deflect*  (Hall) 

Zjgoepira  ezigoa  (Hall) 

Zy  gospira  kentackienaia  James 

Zygoepira  modesta  Hall 

Zygoapira  nsooleUi  Winchell  and  Schnchert 

Zygospirapatilla  Hall  and  Clarke ' 

Zygospira  recardroatra  (Hall) | 

Zygoepira  aaffordi  Winchell  and  Schnchert 

Nomber  of  Ordovician  spedea,  319.  | 

Number  of  ap«ciea  in  each  diriaion ' 

Nmnber  of  aiMsciea  common  to  the  Calciferous  and  the  other  , 

dirislona 

Number  of  epeeiea  common  to  the  Chasy  and  the  other  | 

diTisiooa 

Nnmber  of  species  common  to  the  Trenton  and  the  other 

dirisions 

Number  of  speciea  common  to  the  Cincinnati  and  the  other  . 

dirisions 

Species  common  to  the  Ordoxician  and  Silurian  systems,  5. 
Nsraber  of  species  passing  from  each  diTision  into  the  , 

SUnrisn i 


I  Trenton, 
Chssy.    Black  RiTsr, 
,  Birdseye. 


Neoordo- 
Tioian. 


Cincin- 
nati. 
Utica. 


a 

Ci 
Ci 


Ci 
U.Ci 


Ci 


128 


27 


136 


27 
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SYNOPSIS   OF    AMERICAN   FOSSIL   BRACHIOPODA.        Ibvl:^87. 


Table  Y, ^Silurian  Braohiopoda, 

[A — AntioMti ;  Ar = Arisaig :  CI = Clinton  ;  Ga = Gnelph  ;  MS  -  Mesoailnrian  ;  N  -  NUnni ; 
NS  =  KeosilQrUn  ;  Te  =  Tentacnlite  and  Coralline;  W  =  Waterlimo.  Species  preceded  by  an 
aaterlak  (*)  are  found  in  the  Devonian  also ;  by  an  obeliak  (t),  in  the  Ordovician.] 


Species. 


£o- 
ailnrian. 


Hesoailnrian. 


I     Anti-    I  Gnelph, 

Medina.  |     costi,     |  Arisaig, 

Clinton. '  Niagara. 


Anaatrophia  breviroetris  (Sowerby)  Hall — 

Anastrophia  intemascens  Hall 

Anaatrophia  interplicata  (Hall) 

Anoplotheca  hemispherica  (Sowerby) 

Anoplotheca  planoconvexa  (Hall) 

Anoplotheca  plicatoia  (Hall) 

Athyri8(f)solitaria  Billings 

Athy ria  ( ?)  tnmidula  Billings 

Athyris  (?)  tnrgida  Shaler 

Atrypa(f)gibbo8aHall 

Atrypa(7)lara(BUlings) 

Atrypa  laticorrugata  Foerste 

Atrypa  marginalia  (Balman) 

Atrypa  uodoatriata  Hall 

Atrypa  phoca  (Salter) 

*Atrypa  reticnlaris  (Linneens) 

Atrypa  reticnlaris  niagarensis  Kettolroth  . 

Atrypa  rngosa  Hall 

Atrypina  clintoni  Hall  and  Clarke 

Atrypina  disparilis  Hall 

Atrypina  intermedia  Hall 

Biilingsella  ( f )  laurentina  (Billings) 

Bilobites  acutilobas  ( Ringaeberg) 

Bilobites  bilobns  (Linnsens) 

Camarella  lenticnlaris  Billings 

Camarotoechia  ( f )  acinus  Hall 

Camarotoechia  ( f)  acinus  convexa  (Foerste) . 

Camarot<echia  leqnlradiata  Hall 

Camarotoechia  fringilla  Billings 

Camarotoechia  glacialis  Billings 

Camarotcechia  ( f )  Indianonsis  Hall 

Camarotoechia  (f)  neglectaHall 

Camarotoechia  ( f)  obtusiplicata  Hall 

Camarotoechia  (?)whitii  Hall 

Capellinia  mira  Hall  and  Clarke 

Chonetes  oomnta  Hall 

Chonetes  nova-scotica  Hall 

Chonetes  striatella  (Dalman) 

Chonetes  tenuistriata  Hall 

Chonetes  nndulata  Hall 

Clintonellaragabunda  Hall  and  Clarke 

Clorinda  arcnosa  (McChesney) 

Clorinda  areyi  (Hall  and  Clarke) 

Clorinda  barrandii(Billings) 

Clorinda  fornicata  (Hall) 

Clorinda  ventricosa  (Hall) 

Conchidinm  bilooulare  Linniens 

Conchidium  colletti  Miller 

Conchidium  crassiradiatnm  (MoChesney) . . . 


N 
N 


CI 
CI 
CI 
A 
A 
A 
CI 
A 
CI 


CI 


CI,  A 


N 
N 
MS 
N 
K 
N 


CI 


Ar 


N 
K 


N 


CI 
CI 
A 
A 


CI 


CI 


N 
N 
N 
N 
N 
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N» 
Ar 
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Table  Y. — Silurian  Brackiopoda^'-Continned, 


Specie 


Conchjdiam  crassiplicom  Hall  and  CHarke 

Conchidium  decaasatnm  ( Whiteavea) 

Conchidiam  exponeus  Hall  and  Clarke 

Cunchidiom  georgin  Hall  and  Clarke 

L  oDchidiam  greenii  Hall  and  Clarke 

Coochidinm  knappi  <  Hall  and  Whitfield) 

Conchidium  laqueatnm  (Conrad) 

C<tnchidiam  littoni  (Hall) 

Concbidiani  multloostatam  (Hall) 

Conchidiam  ny idus  (Hall  and  Whitfield) 

C^Dchidiam  obaoletum  Hall  and  Clarke 

Conchidium  occidentalo  Hall 

Conchidium  sooparinm  Hall  and  Clarke 

Conchidium  tenuiooetatmn  (Hall  and  Whitfield). 

Conchidiiim  imgniforme  (Ulrich) 

Otnia  acadienaia  HaU 

Crania  anna  Spencer 

Crania  dentata  Bingneberg 

Crania  dnbia  Foente 

Crania  gracilia  Hingueberg 

Crania  setifera  Hall 

Crania  ailuriana  Hall 

Crania  .spinigera  Hall 

Craniclla(f)  clintonenais  Foerste 

Cydospira  ( f)  sxMuraiplica  Foerate 

Cjrtia  exporrecta  (Wahlenberg) 

Cjrtia  meta  Hall , 

Cjrrtia  myrtia  Billings 

Cyrtina  pjramidalia  (Hall) 

Balmanella  arcuaria  Hall  and  Clarke 

Dalmanella  elegantula  (Dalman) 

Baliaanella  elegantnla  parva  ( Foerste) 

Balmanella  parva  de  Yemeuil 

Delthyri8(f)  rugicosU  (Hall) 

Delthyris  sulisata  Hisinger 

Dictyonella  anticoetiensis  Billings 

Dictyonella  concinna  Hall 

Dictyonella  corallifera  Hall 

Dictyonella  gibboaa  Hall 

Dictydnella  reticulata  Hall 

Dinobolus  conradi  Hall 

Glossina  perorata  (Hall) 

Cypidula  coppingori  (Etheridge) 

Gy  pidnla  globosa  (Nettelroth) 

Gypidula  knotti  (Nettelroth) 

Gypidula  noclea  (Hall  and  Whitfield) 

Gypidula  roemeri  Hall  and  Clarke 

Gypidula  Qniplicata(Nettelroth) 

Hehertella  day  tonenais  (Foerste) 

Hebertellafaosta  (Foerste) 

Hindella  prinstana  (Billings) 

HxndenaiimbonaU(BiUiiigs) 


1       Eo. 
;  Silurian. 


Mesosilurian. 


Itirian. 


Anti-    I  Gnelph.     "^i?.^" 

Medina.  ,     eosti.     I  Arisaic.     Jj"}*; 

Clinton.    Niagara,     ^i*^;- 


CI 


CI 


CI 
CI 


CI 

A 


CI 
CI 
A 


CI 


CI 


CI 
CI 
A 
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N 
N 
N 

H 
N 
N 

Ou 
6u 
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N 
Ar 
N 
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Table  Y,— Silurian  Brachiopoda — Continued. 


Species. 


HumoBoepira  aprfniformis  Hall 

HomceoapiraevaxHall 

HomcDospira  sobrina  (Beeoher  and  Clarke)  . . 

Hyattella  congesta  (Conrad) 

Hyatella  Janla  (BllllDgs) 

•  i  *  Leptsena  rhomboidalla  (WilckenB) 

Lingnla  acntlrostra  Hall 

Lingola  bicariuata  Ringneberg 

Lingula  clintoni  Vannxem 

Lingola  oaneata  Conrad 

Lingula  gibboaa  Hall » 

Lingnla  ingens  Spenoer 

Lingala  insnlaria  Billings 

Lingula  lamellata  Hall 

Liugnla  lingoata  Hall  and  Clarke 

Lingula  oblata  Hall 

Lingala  aubelliptica  d'Orbigny 

Lingala  teniola  Hall  and  Clarke 

Lingnlops  granti  Hall  and  Clarke 

Meristina  maria  Hall 

Heristina  rectirofltra  Hall 

Meristina  trisinaaia  (McChesney ) 

Mimulas  waldronenaia  (Miller  and  Dyer) 

Monomorella  egani  Hall  and  (Harke 

I^onomorella  greenii  Hall  and  Clarke 

Monomorella  kingi  Hall  and  Clarke 

Monomorella  neTfberryi  Hall  and  Whitfleld. 

Monomorella  orbicalaria  Billings 

Monomorella  ortoni  Hall  and  Clarke 

Monomorella  orata  'Whiteaves 

Monomorella  OTata  lata  Whiteayes , 

Monomorella  prisca  Billings , 

*  Nucleospira  elegans  Hall 

Nacleoepira  pisiformis  Hall 

Nacleospira  rotnndata  Whitfield 

Orbicnioidca  namulas  Hall  and  Clarke 

Obicaloidea  parmalata  Hall , 

Orbicaloidea  subplana  (Hall) 

Orbicaloidea  yanoxemi  (Hall) 

OrthisbenedicU  Miller , 

Orthis  davidsoni  de  Yomeoil 

Orthis  (r)fiaaiplloaRoemer 

Orthis  flabeUites  (Hall)  Foerste , 

Orthis  flabellites  spania  Hall  and  (Harke 

Orthis  ( 7)  glypU  Hall  and  Clarke 

Orthis  (f)  missooriensis  Shumard 

Orthis  (?)nisis  Hall  and  Whitfield 

Orthis  ( 7)  panctostriata  Hall 

Orthis  ( t)  ragiplicata  Hall  and  Whitfield 

Orthis  ( 7)  ruida  Billings 

Orthis  (?)  sabnodosa Hall 

Orthis  (7)  tenaidens  Hall 


Eo- 
silarian. 


Mesoailarian. 


Neo«i- 

larian. 


Anti- 


Onelpb,       „n.^ 
Medina.  |     costl,       Arisaig,     wii-- 
Clinton.    Niagara.     ^*««»^- 


I 


lime. 
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CI 


CI 
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CI 


CI 
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N 
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Tablm  y, —Silurian  Brackiopoda — Continued. 


Speeien. 


Orthis(f)  trlBacleoB  Hall 

OiilMMtrop]iia(?)fiMCJatJiHaU 

Oxthothetos  lijilnMiliciim  (Whitfield) 

Orthothetea  interaixjato  (HaU) 

*Ortliotheto0  0abpUuiA(Caiixad) 

Qrthothetes  tannis  Hall 

Orthotropia  dolomitica  Hall  and  Clarke 

Pftrastrophia  ffToenil  Hall  and  Clarke 

ParaatropliialAtlplicataHaU  and  Clarke 

Pirastraplila  mnltiplicata  Hall  and  Clarke 

Puaatroplua  opa  (Billinge) 

Parastrophia  reveraa  (RiUinga) 

Pentamerella  ( ?)  couipreMa  Biagneberjg 

Pentameroa  oblongoa  Sowerby 

Pentameraa  obloDgna  cylindricna  (Hall  and  Whitfield) . 

Pentaraema  obloogns  maqnoketa  Hall  and  Clarke 

Pentamema  oblongoa  snbrectus  Hall  and  Clarke 

Pentamerns  ovalia  Hall 

FeDtamema  peaoTia  Whitfield 

Pholidopa  ovalia  Hall - 

Fholidopa  aqoamiformia  Hall 

«P]at7atrophiabiforata(Schlotheim) 

Plectamboni  tea  glabra  Shaler 

Plectambonitea  prodncta  Hall  and  Clarke 

fPlectambonitea  aerioea  (Sowerby) 

PlectamboBitca  transTeraalia  (Wahlenberg) 

Pleetambonitea  tranayeraalia  alabamenais  Foersta 

Flectambonitea  tranarexaalla  prolongata  Foerste 

tBaflneequinaoerea  (Billings) 

Bafineaqnina  ( 0  obecnra  (Hall  and  Clarke) 

B«ticii]anab]coatata(Vanazem) 

RetSenlaiiabicoataUpetUa(Hall) 

RhinobolaadaTldaoni  Hall  and  Clarke 

Rhinoboliaa  galtenais  (Billings) 

Shipidomella  circnla  HaU 

Bhipldemella  bybrida  (Sowerby) 

BhipidomeUa  media  (Shaler) 

Bhipidomeila  rhynchonelliformia  (Shaler) 

BhipidomeUa  anbdroola  (Simpeon) 

Rhipidomallanbera(BUlinge) 

Bhynehoiiella  ( ?)  argentea  BiUinga 

Rbyiichonella(?)bellafonnaNettaboth 

Bhy]Mhoiiella(r)bidensHaIl 

Bhyiiehonella(?)bidenUta(Hiaioger) 

BhyiichoneI]a(f)coUetti  Miller 

Bh jnehonella  ( ?)  decern plicata  So  werby 

BfajBchonella  ( f )  emacerata  Hall 

Bhynchonella(?)eTaBil]ing« 

BhynehoiieIla(  7)  hydravlica  Whitfield 

tlthynehoneUa(r)JaneaBilliDge 

Bhynehonella  ( f )  laevia  Sinipaon 

Bhynehoneilft(r)]amell»taHall 


Eo. 
silurlaa. 


Medina. 


Meeoailorian. 


Keoei- 
Itirian. 


Antl- 

oostl. 

(Hinton. 
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A 
A 


CI 


CI 


CI 
A 


CI 
CI 
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CI 

CI 


CI 
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A 
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Table  \. — Silurian  Brachiopoda — Continned. 


Specie 


Khynchonella  ( f )  naoula  (Sowerby ) 

Rhynchonella  ( ?)  nutrix  Billinga 

Efayncbonella  ( ?)  pisa  fiaU  and  Whitfield  . . . 

Khynchonella  ( ?)  plicata  Hall 

Rhynchonella  ( 7)  plicatella  (Linnfona) 

Rhynchonella  ( ?)  pyrrha  Billings 

Rhynchonella  (f)  robustaHall 

Rhynchonella  ( ?)  mgaecosta  Nottelroth 

Rhynchonella  ( ?)  tennesseensis  Roemer 

Rhynchonella  ( ?)  vicina  Billings 

RhynchoHpIro  ( ?)  acadiie  (Hall) 

Rhynchospira  ( ?)  helena  (Nettelroth) 

Rhynchospira  ( ?)  sinuata  Hall 

Rhynchotreta  cnneata  americana  Hall 

Scenidiam  pyramidale  Hall 

Schlzophoria  aenecta  Hall  and  Clarke 

Schizotreta  tenuilamellata  Hall 

Spirifer  asperatus  Ringneberg 

Spirifer  crispatus  Hall  and  Clarke — 

Spirifer  criapns  (Hisinger) 

Spirifer  crispus  simplex  Hall 

Spirifer  dubiua  Nettelroth 

Spirifer  eadorus  Hall 

Spirifer  foggi  Nettelroth 

Spirifer  gibboBus  Hall 

Spirifer  niagu^nsis  (Conrad) 

Spirifer  niagarensis  oligoptychns  Roemer  . . . 

Spirifer  nobilis  Barrande 

Spirifer  radiatns  Sowerby 

Spirifer  rostellum  Hall  and  Whitfield 

Spirifer  simllior  Winchell  and  Marcy 

Spirifer  subsulcatus  Hall    

Spirifer  vanaxemi  Hall 

Streptia  grayi  Davidson 

Stricklandinia  anticostiensis  Billings 

Stricklandinia  billingsana  Dawson 

Stricklandinia  brevis  Billings 

Stricklandinia  canadensis  Billings 

Stricklandinia  castellana  White 

Stricklandinia  chapmani  Hall  and  Clarke . . . . 

Stricklandinia  davidsoni  Billings 

Stricklandinia  deformis  Meek  and  Worthen. 

Stricklandinia  gaspensis  Billings 

Stricklandinia  lens  (Sowerby) 

Stricklandinia  lirata  Billings 

Stricklandinia  (?)  lonisriUensis  Nettelroth... 

Stricklandinia  melissa  Billings 

Stricklandinia  multilirata  Whitfield 

Stricklandinia  salteri  Billings 

Stricklandinia  triplesiana  Foerste 

Stropheodonta  acanthoptera  ( Whiteaves) 

Stropheodonta  corrngata  Conrad 


£o- 
Silurian. 


Mesosilurian. 


I     Anti- 
Medina.  !     costi, 
I  Clint-on. 


Goelph, 
Arisaig, 
Niagara. 
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Tabub  y. -^Silurian  BraeMopodth-^ontinned, 


Spedet. 


Stropheodonte  oomigat*  plnrifttriAUFoerate. . . 

Stropheodonto  ( 1)  genioaUta  (Shaler) 

StropheodoDta  ( 1)  gilpeni  (Dmwson) 

8iroph«odont»l6dA(BlIUngs) 

Stiopheodonta  macra  ( Winchell  and  Marcy) 

Stropbeodonta  nearpaasi  Barrett 

Stiopheodonta  priaca  Hall 

StTopbeodonta  pnfiinda  Hall 

Stropheodonta  textilia  Hall 

Stropheodonta  ( t)  ventiiooaa  (Shaler) 

Strophomena  (?)  alterninidlata  Shaler 

Stropbomena  ( f )  anUquata  Sowerby 

StropbomeiiA  ( ?)  arcnata  8baler 

Stix>pbonieiia(T)bipartitaHall 

StTcpboiDena(f)doneti  Salter 

StTopbomena  ( f)  eliptica  Conrad 

Strophamena(r)Jnlia  Billings 

Stropbomena  ( ?)  modesta  Conrad 

StrDpbomena(!)ortbldideaHaIl 

Stropbomena  pbilomela  Billings 

StTopbomena  ( f )  reticulata  Sbaler 

Stropbomena  ( 1)  aemloralis  Sbaler 

Stropbomena  ( ?)  siloriana  Davidson 

Stropbonella  ooatatnla  Hall  and  Clarke 

Stropbonella  (!)  patenta  Hall 

Stropbonella  semipUoata  Hall 

Stropbonella  striata  Hall 

Treoiatoapira  camnra  Hall 

TrimereUa  aonminata  Billings 

TrimereUabUlingBlDall 

TrimereUa  dalli  Davidson  and  King 

Trimerella  grandis  Billings 

TrimereUa  obioensis  Meek 

Triplecia  niagarenais  Hall  and  Clarke 

Triplecia  ortoni  Meek 

Uncinolna  Strickland!  (Sowerby) 

Wbitfleldella  billingsana  (Meek  and  Wortben) . 

WbitfieldellacyUndricaHall 

Wbitfleldella  byalo  (Billings) 

Wbitfleldella  intermedia  (Hall) 

Wbitfleldella  (f)  Julia  (Billings) 

Wbitfleldella  (?)  naviformis  (HaU) 

WhitfleldelL  nibidaHall 

Wbitfleldella  niUdaoblata  Hall 

Wbitfleldella  (?)nacleolaU  (HaU) 

Wbitfleldella  oblata  (HaU) 

Wbitfleldella  sulcata  (Vannxem) 

Wilaonia  kokomoensis  (MOler) 

•WilsoniasaflfoidiHall 

WilsoniasailordidepresaaNettebotb 

Wilsoniawilsoni  (Sowerby) 

ZjStwpira  (?)  mica  (Billings) 


Bo. 
Silurian. 
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Tabuc  y. — Silurian  Brachiopoda — Continued. 


Speoiea. 


Zygoflpira(7)  minim*  Hall 

Zygoepira  (?)  paupera Billiogs 

Number  of  Silurian  npociea.dll. 

Number  of  apecies  iu  each  division 

Number  of  species  common  to  the  Medina  and  tbe  other 
dlTisions 

Number  of  species  common  to  the  Clinton  and  the  other 
dlTisions 

Number  of  speciea  common  to  the  Niagara  and  the  other 
divisions 

Number  of  species  common  to  the  Neoailurian  and  the  other 
divisions 

Species  common  to  the  SUurlan  and  Devonian  systems,  5. 

Number  of  species  passing  from  each  division  into  the  De- 
vonian  


Eo- 
silnrian. 


Mesosilurian. 


Medina. 


Anti. 

costi, 

Clinton. 


Guelph, 
Arisaig, 
Niagara. 


Neoei. 
lurian. 


Teutac- 
ulite. 

Water- 
lime. 


116 
0 


10 
0 


195 
0 
10 


17 
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Table  VI.— DevowtoN  Sraekiapoda. 

[C=Cbeiiiimc:  Co=Coniiferoiu;  ED=EodeTODU]i;  G=GeneM«>:  H~ Hamilton;  Ha —Huron: 
I^rltbaca;  M=Hftroella8:  ICD^lCesodevoDlui;  ND=NeodeTonlui:  P^ Portage;  R  -Hcbobarie: 
Tn— Tolly.  Spedea  preceded  by  an  aateriak  (*)  are  foand  in  the  Carboniferoua  alao;  by  an  obellak 
(f).  in  the  SSln^.] 


Spedea. 


Amboccella  fimbriata  Claypole 

AmbocffilJa  gregarinHall 

AmboeoBliaprenmbonaHall 

AmboGceliaapinosa  Hall  and  Clarke 

AmbooceUa  ombooate  (Conrad) 

Amphigenia  cnrta  (Meek  and  Worthen) 

Amphlgenia  elongata  (Tannxem) 

Ampbigeni*  elongata  anbtrigonalis  HaU 

Amphigenia  elongata  nndalata  Hall 

Anaatrophta  vemenili  (Hall) , 

Anoplta  nndeata  Hall 

Anoplotheca  aontipUeata  (Conrad) 

Anoplotbeca  oamilla  (HaU) 

Anoplotheca  concava  (Hall) 

Anoplotheca  dichotoma  (HaU) 

Anoplotheca  fimbriata  (Hall) 

Anoplotheca  flabelUtes  (Conrad) 

Anoplotheca  Infreqaens  (Walcott) 

Atbyria  angelica  Hall 

Atbyria  angelica  ocddentalis  Whitoavea 

Athyriebrittai  Miller 

Atbyria  corn  Hall 

Atbyria  faltonenaie  (SwaOoir) 

Atbyria  minntiasimaWebeter 

Atbyria  (r)ottenrillensia  Miller 

Atbyria  parmlaWbiteaTea 

Atbyria  polita  HaU 

Atbyria  apiriferoidee  (Eaton) 

Atrypa  deaqnamata  Soverby 

AtrypaeUipeoideaKettolroih 

Atrypa  hyatrix  HaU 

Atrypa  hyatrix  elongata  Webster 

Atrypa  hystrix  occidentalia  HaU 

Atrypa  hyatrix  planoanlcata  Webator 

Atrypa  miaaooriensia  MiU^ 

Atrypa  paeudomarginalia  HaU 

fAtrypareticnlaria(Linna»a8) 

Atrypa  reticnlnris  impreaaa  HaU 

Atrypa  reticularis  nnntia  HaU  and  Whitfield 

Atrypa  reticnlaria  ventrlooaa  HaU  and  Whitfield. 

Atrypa  apinoaa  HaU 

Atrypina  imbrioata  Hall 

BarroiaeUa  aabapatnlata  (Meek  and  Worthen) 

BeachiaaneaaanaHaU 

BiloUtes  varicna  «?onrad) 

Oamarophoria  rbomboidaliB  HaU  and  Clarke 

Camaroapira  eocharia  Halt 

GamarottechiabamndiHall 


Eoderoniaa.     Meaoderonian.     Keodevonian. 


Lower' 
Hel. 
der- 
berg. 


W.4..    'Hamlll    age. 


Oria.      harie. 
kany.  IComif- 


ED 


ton,    '  Horon, 
Marcel-'  Qene- 
laa.    I    see. 


I 


H    ' 

■       H    ! 

Co      M.H    I       G 


Che- 
mong. 


I.C 


Co 
Co 


t 


.X 
X 

X 


Co 


.1, 


Co  I. 
Co  '. 
Co    ' 


t 


Co 


H 

I  MD 

H 

Co    t  H 


MD 
H 


Co 
Co 


H 
H 


KD 


cr 

C 


MD    !. 


MD 


«i 


Co,S    i  H.Tu 


S 


Co 


H 
H 
H 


Co 
Co 
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SYNOPSIS   OF   AMERICAN   FOSSIL   BBACHIOPODA. 
Table  \L-~J)wonian  froc^iopocla— Continued. 


[BULL.  87. 


Eodevonian. 

Xeodevonian. 

Speciea. 

Lower 
Hel. 
der- 
berg. 

Oris- 
kany. 

Scho- 
harie, 
Cornif- 
erous. 

Hamil- 
ton, 

Marcel 
lus. 

Port- 
age. 
Huron, 
Gone- 
see. 

Che- 
mung, 
Ithaca. 

Camarot(Bohi»hilliiig8iHall 

Co 

I 

CftTnAroicBchia caries  Hall ^ 

H 

O&mArotfPChta  c^rolioA  Hi^ll . 

Co 

(7anian>t4Pn1iiA (VtnmwirAtA  fOonnult                 .   .....^r 

H 

( 

* (Jamarotopohia contraota  Hall ,,,,-.,.^ 

P                C 

CamarotcBchia  contracta  sazatilia  Hall 

H 
M.H 

1 

Camaroto^chia  dnolicata  Hall. ..r 

C 
T  r? 

CamarotoBchia  endlichi  (Meek).     T  Devonian. 

nAiniu*nt.mf<hiii.  ATimia  TTaII 

p 

CnmaroioBohia  horafordl  Hall „,,.-.,-. 

M,H 

Oainarot4iprrhia orhicnlaria  Hall -,     ...* ,- 

C 

rifltniirntxiBcliift T>lf^{oi>lftnrft  ^Oonrftd)    *....«...-. 

X 

Camarotopchla  pr^1ift<*A  Hall r  .  -  - 

M.H 
M.H 

' 

*  CAHiarotonchia  lappho  Hall 

c 

CamarotCBGhla  apeciosa  Hall 

X 

namttrAt/Rnliifl,  atAiihuni  ITaII 

P    i           n 

r:iunjumtnw>)i{A  tei  by«  (BHIingg) .  -  -  -    . 

Co 

Camarotwchia  v<fntricoiia  Hall 

X 



Centrouella  alveata  Hall 

Co 
Co 

CAtitix^nelTa  glanvfag^Hk  Hall  r 

X 

rAnirni|A)iA  glauola  Hall  . .  r , 



H 

H 

Ceqt•^oq<^l1a  impnwaa  Hall 

Centronella  ( f )  navicella  (Hall) 

c 

dmfcmneila  ovi^ta  Hall , 

Co 
Co 
Co 

<]AntronAllA  tnmMa  "R^lling^fr .  .  

X 

Chonetes  acutiradlata  Hall 

Co 

Chonetes  antiopa  Billings 

Xf 

Ohonetea  arcnata  Hall 

Co 

Chonetes  canadensis  Billings 

X? 

Chonetes  coronata  (Conrad) 

Chonetes  emmetensia  A.  Winohell 

Chonetes  fllistriata  Walcott 

ED 

Oho^et4>«  hemiflphf^rica  HaU      

Co 

Chonetes  koninckiana  Norwood  and  Pratten 

MD 

Chonetes  leplda  Hall 

M,H 
M 

Tu 

G.P 

i,c 

Chonetes  lineata  (Conrad) 

Co 

*  Chonetes  logani  aurora  Hall 

Chonetes  manitobenais  Whiteaves 

ND 

Chonetes  melonlca  Billings 

X 
X 

Chonetee  mncronata  Hall 

Co 

M  W 

Chonetes  punctata  Simpson 

X 

^      1      . 

Chonetes  pusilla  Hall 

H 
M.H 

M,H 

Chonetes  soitula  Hall 

P 
G 

I.C 

c 

*  Chonetea  setieera  (Hall) 

Chonetes  snbanadrata  Nottelroth 

Chonetes  vicina  (Caatfelnan) .,,...... 

H 

Chonet^^A  rnndellana  Hall , , . .  r 

Co 

Chonoatronhia  comnlanata  HaU 

X 
XI 

ChonostrophiAdawsonKBilUngs) ' 
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Table  YL-^Devonian  BracMopifda — Continned. 


species. 


CliODoetroplii*  helderbergi»  Hall 

Chonostxoplii*  reyena  (Whitfield) 

Christiaiua  subquAdnU  Hall 

Coocliidiam  knightl  Nettelroth 

Conclildium  ( f )  aalienense  (Swallow) 

Cransna  iowenaia  (Calvin) 

Ciamena  romingeri  Hall 

Crania  agmriclna  Hall  and  (Harke 

Crania  aurora  Hall 

Crania  bella  Billinga 

Crania  centralis  Hall 

CJranJA  crenisiriata  Han 

Crania  famelica  Hall  and  Whitfield 

(Crania  fiarincola  Hall  and  (Harke 

Crania  granoea  Hall  and  Clarke 

Crania  greenii  ICiUer 

Crania  leoni  HaU 

Crania  pnlchella  Hall  and  Clarke 

Crania  aheldoni  White 

Craniella  hamiltonisB  Hall 

Cryptonella  ( f)  circola  Walcott.    Deroniaii . 

*Cryptonella(t)endoraHall..: 

Cryptonella  (r)eximia  Hall 

Cryptonella  iphis  Hall 

Cryptonella  loDS  Hall 

OyptoneUa  OYaUB  Killer ■ 

Cryptonella  pinonensis  Walcott 

Cryptonella  planiroetra  HaU 

Cryptonella  rectirostra  HaU 

CyclorhJna  nobilis  Hall 

Cyrtiacyrtinafonnls  Hall  and  Whitfield 

CyTtianorwoodi(Meek) 

Cyrtina  affinis  Billinga 

Cyrtina  billingsi  Meek 

CyrtinabiplicaUHaU 

CyrtinacraasaHall 

Cyrtina  carrillneata  White 

Cyrtina  dalmani  HaU 

Cyrtina  davideoni  Walcott 

Cyrtina  hamJltonensia  HaU 

Cyrtina  hamUtonenais  recta  Hall 

Cyrtina  misBonrienais  (Swallow) 

Cyrtina(7)occidentaUa(SwaUow) 

(Cyrtina  rostrate  (Hall) 

Cyrtina  tiqnetra  (Hall) 

Cyrtina  nmbonate  (HaU) 

Cyrtina  nmbonate  alpenenais  HaU  and  (Harke. 

Dalmanella  conoinna  (HaU) 

Dalinanella  devonica  (Walcott) 

Dalmanella  infera  (Calvin) 

DalmaneUa  lenticnlaiis  (Yannxem) 


Boderonlan. 


Lower 
Hol- 
der- 
berg. 


Oris- 
kany. 


Hesodeyoniaa. 


harle.  i  ™»"- 

Comif.  Marcel 
erona.  "j^J*' 


Co 


NeodeyoBlaa. 


Port- 

Huron, 
Geae- 


Che- 
maog, 
Ithaca. 


Co? 


H? 
HD 
H 


ED 


Co 


H 

H 

MD 

H 


Co 


I        ^ 
M.H 


Co 
Co 


M,H 
H 
H 


I,C 


KD 


MD 


Co 
Co 


Co 


MD 
H 
H 

n 

H 


Co 


H 
H 
H 


Co 


ND 
I 
C 
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Table  VI. — Devonian  J?racAiopo(fa— Continued. 


Eodevonian. 

Mesodevonian. ;  Neodevonian. 

Species. 

Lower 
Hel- 
der- 
berg. 

Oris- 
kany. 

Scho- 
harie. 
Comif- 
eroua. 

Tullv.  1  Port- 
Hamil- 1    age, 

Ton,    '  Huron, 
MarceM  Gene- 
lus.    I    see. 

Che- 

H 

1 

Paimftnella pifraleffanii Hall .....,-- 

X 

X 
X 

1 

Balmaoella  planoconveza  Hall 

X 



Dalmanella  quadniBa  Hall x 

1 

X 

•'! 

TtAlm ATinllA RiiTtMrAtnH  Hall  and  Clarke- T.......-r...., 

1 1 

C 

Dalmanella  tenailineata  Hall ' ' 1 

TiAithT-ria  roniinhrina  f  d'Orbiimv> -- 

1 

H 

"DftlthvTiH TneaanoNtalla  Hall  ^ -.-r.^^, -- 

;:"::;;:i 

. 

TC 

TW^HIiviHr  ■nArlMnAllniiA  /HAlh 

X 

1     1  _.    , 

Delthvrla  raricoata  Conrad 

Co 

1 

Delthyris  Bculptilis  Hall -• 

H 

Dielasma  caWini  Hall  and  Whitfield 

c 

Disnomia  alveata  Hall 

H 



Eatonia  coalteri  Miller  and  Gurley 

X 

Eaten  i  a  eminens  Hall 

X 
X 
X 

! 

Eatonia mediiilitt  (Viyinxeiip)    -r 

X 
X 
X 

Ent^nia  neouliarif  (Conrad) 

i 1 

Eatonia  numila  Hall  

1         i 

Eatitnia  nincrnlarls  f  ^anazem) - - 

X 

1 1 

EiAt/miA ninnata  Hall  .--,^ r.^ 

X 

;          1 

Eatonia  Ih  variabilis  Whiteaves 

H 

Eatonia  whitfteldi  Hall 

X 

i 

Ennella  harmonia  Hall 

Co 

1 1 

EnnellA  lincklffini  Hall 



M.H    1 ' 

Eunella  aimulator  Hall 

H 

1 

Ennella  anllivanti  Hall 

Co 

' 

nioAaina  leana  fHall)    

H 

1 

GloeainaspatlosalHall) ^ 

Clofuiina  trianirnlata  fNettelroth) 

X 

1 

H 

• 

Ovnidula comis  {0"wen) --.- .• 

MD 

GTDidula  saleata  (Dalman) 

X 

G  vnidnla  Ice  viuscula  Hall 

MD 

GvDidala  lotia  fWalcott) 

ND 

Gvnidula  mnnda  Calvin  -- r v 

MD 

flvnldnla  naendop^aleatA  /Hall) 

X 

Gypidula  romingeri  Hall  and  Clarke 

H 
H 



Gvnidnla  aabelobosa  (Meek  and  Worthen) 

Hinnarionvx  Droximns  Vannxem 

X 

HvnothvriB  caatanea  (Meek) 

MD 

Tu 

MD 

M 

Hvnotbvria  cnboides  (Sowerbv) 

Tlrnnthvn'H  fimmonni  (Hall  and  "Wliitfleld) 

1 

lieiorhvnchnB  dublum  Hall 

Leiorhvnchus  fflobnliforme  (Tanazom) 

0 

X.eiorh vnchus  hecate Clarke 

1 

G 

Leiorhvnchus  iris  Hall 

1    .. 

c 

Leiorhvnchna  keUoeiri  Hall ' 

1 

H 
M,H 

TiAinrhvnflhns lAura Billimrs .  --,- 

T.niorhvnchiiK  loslevi  Hall  and  Clarke. 

in> 

T^lnrli-rnrhnu  limitary  (  ^annxf>in) 

M 

P 

1.0 
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Table  YL^Deoimian  Bnuhiopoda^-Conimned, 


EodeTonlaa.     HesodATonUn.     Neodevonuui. 


Sp«ciaa. 


LeiorhynchoB  myala  Hall 

Leiorbyiicliiis  nevadense  Walooit 

Leiorhynchns  qnftdriooatatnm  (Yanaxem) . . 
Lenrfaynehua  Toboatam  Hall  and  Clarke — 
Leiarbynchna  aeaqaipUcatnm  A.  Wincbell . 

Leiorhyxicbiu  sinnatom  Hall 

1*Leptena  rbomboidalia  (WUckena) 

Leptaena  rbomboidalia  ventricoaa  Hall 

Leptieiiiaca  adnaacena  Hall  and  Clarke 

Lepteniaca  ooncava  Hall 

L«ptieniaca  tangens  Hall 

Lindatrcemellaaapidiiun  Hall 

Lingnla  albapinensia'Walcott 

LmgnlBartemia  Billings 

LingnlaoentrilineataHall 

Lingalaoeryx  Hall 

Ungnla  complanata  Williama 

Ungula  eompta  Hall  and  Clarke 

Lingiil*  concentrica  Conrad 

*LingiilacayabogaHall 

LingnUdeliaHall 

Lhignladensa  Hall 

Lingnla  desiderata  Hall 

LiBgnlaligeaHall 

langala  Ugea  neradenais  Waloott 

Ungnla  lonenaiaWalcott 

Lingnla  lacretiaBlllinga ^.. 

Lingnla  naida  Hall 

Lingnla  manni  Hall 

Lingnla  minnta  Meek 

Lingnla  nnda  Hall 

Lingnla  perlataHaU 

lingnla  punctata  Hall 

Lingnla  rectilatera  Hall 

Lingnla  acntella  Han  and  Clarke 

Lingnla  spatbata  Hall 

Lingnla  apatnlata  Yannxem 

Lingnla  tbedfocdenaia  Wbiteavea 

Lingnla  triqnetra  Clarke 

Lingnbiirbitii  Waleott 

Lingnlella(?)palifonniBHaU 

Lingnlodiacinaexilia(Hall) 

Li8aoplenraseqnivalTia(Hall) 

Hartinia  atbyroidea  A.  Wincbell 

Kartinia  glanconai  (Wbite) 

Martinia  ( 7)  inaolita  A.  Wincbell 

Martiniamaia  (Billings) 

Hartinianieriatoidealloek 

HarUniaanblineata  Meek 

lfartiniaanbnnibona<HalI) 

IC^galaoteriB  condoni  (HcCbesney ) 


Lover 
Hol- 
der- 
berg, 


Oria- 
kaay. 


barie.  "*;?" 
Comif.jjfi 
erona. 


Marcel-   Uene 
I    las. 


Port 

age.    I   Cbe- 
Hnron,  I  ranng, 
Itbaca. 


t 


MD    I. 


i       M 

I 

Co    I        H 


G    !. 


.!...."J: 


c 
c 


xf 


ED 
SD 

XT 


Co! 


Co 


I 


ED 


Co 


Co 


H 
H 


ND 


H 
H 


H 
H 


H 
fl 


O.P 


H 
M 


H 
H 


H 

H 

M.H 


Hn 


Digitized  by  LjOOQIC 


48 


SYNOPSIS  OP  AMERICAN   FOSSIL   BRACHIOPODA.        [buii.«7. 


Tablk  YL-^Devonian  JBrocfttopoeJfa— Continued. 


Eodevonian. 

Mesodeyonian. 

Neoderonian. 

Species. 

Lower 
Hol- 
der- 

berg. 

Oris- 
kany. 

Scho- 
harie, 
Comif- 
erons. 

Tully, 
Hamil- 
ton, 
Marcel- 
lus. 

Port- 
age, 
Huron, 
Gene- 
see. 

Ohe^ 
mung. 
Ithaca. 

MeflralanteriH  ovallfi  Hall                    

X 

Merista  elonirata  Hall                              

X 
X 
X 
X 

Merista  tyi»a  Hall 



':::::::: 

Heristella  aronata  Hall 

[ 

MeristellabarrisiHall 

1 

M,H 

Meristella  bella  (Hall) 

X 

X 

MnriAtvllA  1 9^  TiIatiaIia  /Dilllnaa^                            

Heristella  clasia(BillinirB)                               

Co 
Co 

1 

Meristella  haskinsi  Hall 

H 

Meristella  ( f )  hoaghtoni  (X.  Winohell) 

Hu     

Meristella  leyisiYanuxein) 

X 

Meristella  lata  Hall 

X 

Meristella  lens  (A.Winchell) 

H 

Meristella  lenta  Hall ^ 

X 

MeristeUa  meeki  Hall 

X 

MeristeUa  meta  Hall         ...                                   

H 

Meristella  nasnta  (Conrad) .. 

Co 

Meristella  princeps  Hall 

X 

Meristella  rostrata  Hsil 

H 

MeristeUa  sobqnadrata  (Hall) 

X 

Meristella  valcotti  Hall  and  Clarke 

X 

Metaplasia  disparilis  (Hall) 

Co 

Mf^t^plMlA  pyridata  (Hall) 

X 

Newberria  claypoli  Hall 

H 

MD 

H 

H 

Vewberria  Johannis  Hall 

»Jewberrial»vi8(Meek) 

Kewberria  missouriensis  Hall 

Kucleospira  concentrica  Hall 

X 

trnrJeniipfrA  <v>pdnnA  Hall . 

Co 

H 

iNocleospiraelegansHall 

X 

X 

Nnch^oRpirn. Tf^ntricosa Hall 

OrbiculoideaaUeghania(HaU) 

c 

Orhirnlnid^  fiqipla  Hall .. 

X 

Orbiouloidea  conradi  (Hall) 

X 
X 

Orbioololdea  discns  Hall 

Orbiouloidea  doria  (Hall) 

H 

Orbictiloideaelmira(Hall) 

C 

Orbiculoideahn mills  (Hall) 

M,H 

Orbiculoidea  Jervensis  (Barrett) 

X 

Orbiculoidea  lodensis  (Tanaxem) 

O 

M,H 

H 

M,H 

c 

Orbiculoidea  marginalia  (Whitfield) 

Orbiculoidea  minuta  Hall 

Orbiculoidea  neglecta  (Hall) 

C 

Orbiculoidea  randalliHaU 

-  .. 

H 

H 

Tu 

Orbiculoidea  seneoa  (Hall) 

Orbiculoidea  tullia  (Hall) 

Oriskanin  navjcAllA  Hall  and  Clarko            .... 

X 



Orthis(f)eryuaHall 1 

Co 
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Table  YL^Devonian  Brachiopoda—Conimned, 


Speeiet. 


Qrthls(r)toniaistriaUHaU 

Ortbostrophia  fltropbomenoldes  Hall 

Orthotlietea  anonutla  ( A.  Winchell) 

Orthothetes  beUnlofl  Clarke 

Orthothctes  chemnngensis  (Conrad) 

Orthoibetes  chemimgiexiais  arctostriata  Hall  . . 

Orthothetea  ohemungensis  perversus  Hall 

Ortbotbetos  deformia  Hall 

Ortbotbetes  defonnis  Binaata  Hall  and  Clarke. 

OrthoiheieB  flabellnm  ( Wbitfleld) 

Ortbothetee  pandora  (Billinge) 

Ortbotbetes  prava  Hall 

lOrtbotb^tes  snbplana  (Conrad) 

Ortbotbetes  woolwortbana  Hall 

Parazyga  deweyl  Hall 

Parazyga  biraata  Hall 

Pentagonia  unianlcata  (Conrad) 

Pentamerella  arata  (Conrad) 

Pentamerella  borealis  (Meek) 

Pentamerella  dnbia  Hall 

Pentamerella  intralineata  (A.  Wincbell) 

Pentamerella  micnla  Hall 

Pentamerella  obsolescens  Hall 

Pentamerella  payillionensia  Hall 

Pentamerella  tbosnelda  Nettelrotb 

Pbolidojps  arenaria  Hall , 

PboUdops  areolata  Hall 

Pbolidops  bellala  Walcott 

PboUdops  calceola  Hall  and  Clarke 

Pbolidops  greenii  Miller  and  Gnrley , 

PboUdops  bamiltonitt  Hall 

PboUdopa  lepis  Hall  and  Clarke 

PboUdops  oblata  Hall 

PboUdops  ovata  Hall 

PboUdops  patina  HaU  and  Clarke 

PboUdops  quadrangnlarls  Walcott 

PboUdops  terminalis  Hall *.. 

PboUdostropbia  iowensis  (Owen) 

Plectortbis  ( I)  anrelia  (Billings) 

Prodnctella  arc  tirootrata  Hall , 

Pxodnct«Uabia]veaUHall 

ProdncteUaboydlHall 

Prodnctella  coetatala  HaU 

Prodnctella  costatnla  strigata  HaU 

Prodnctella  damosa  Hall , 

Prodnctella erienals Xicbolson 

Prodnctella  exantbemata  HaU 

Prodnctella  ballana  Walcott 

Prodnctella  birsnta  Hall 

Prodnctella  birsnta  rectispina  Hall 

Prodnctella  birsntlfonne  (Waloott) 

Bun.  87 i 


EodoTonian.   |  Mesoderonian. '  Neoderooian. 


I 


Lower 
Hel- 
dor- 
berg. 


'  Scbo- 
Oris-  ,  barie, 
kany.  .Comif- 

I 


Co 


Co 
Co 


ED 


ED 

X 


Co 
Co 
Co 


Co 


Co 


TnUy, 
Haroll 

ton, 
Maroel 

Ins. 


Port- 
age, 
Huron, 
Gene 


H 
M 


H.H 
H 


H 
H 


H 
Hf 

H 
H? 
Hf 

H 


Cbo- 
mang, 
Itbaca. 


NDf 


H 
H 


Co 


Co 


Co 


Co 
Co 


C 
C 
C 
C 
C 


ND 
C 
C 

ND 
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Table  YL^Devonian  Brackiopoda — Continued. 


Eodevonian. 

Meaoderonian. 

XeodevoniAn. 

Speolm. 

Lower 
Hol- 
der, 
berg. 

Oria. 
kany. 

Scho. 
harie, 
Comif. 
eroua. 

TnUy, 
Hamil- 
ton, 
Maroel- 
lag. 

Port-   , 

„•««>.        Che- 
Hnron.  I  mnng. 

aene-    Ithaca, 
see.    t 

C 

c 
c 

Productella lachmnosa  lima  f Conrad ) 

1 

*  Prodnct^lla  laclirvmoiia  ntiffmata  Hall 

1 

PrmlnctellflLniarYinMiiii  Rowl<^v                 - 

H 
H 
H 

PiYMlnct/ella miirchiiioniana T>a  Xoninck      ... ■, 

1 



! 

Prodnctella  navioella  Hall 

1 

Co 

Prod  lie  tella  onnjita  Hall   

c 

Productella  nannlata  Hall . .          .... 

H 
H 

Pro^]xict4^11ft T>rodiioto1d4^fi  (Miimhinon)   .              ..  ... 

Productella  rarisplua  Hall 

c 

Productella  temiglobosa  Nettelroth 

Co 

^ProdactellaspecioaaHall 

■■ 

P              T   €1 

Productella  apinullcosta  Hall 

Co 

M,H 

Prodnctella  striatala  Hall 

• 

c 

Pr4MlTirt^»lla  nnbalata  Hall 

MD 
H 

Priwlnftt^^llfrtlillmHall       

\ 

Pngnax  pngT»n<»  Martin  -,,-,^., 

P     1               T 

Pugnax  pagnns  altug  (Calvin) 

ND 

Rensselffria  eqoiradiata  (Conrad) 

X 

RensselflBria  oaynga  Hall  and  Clarke 

X 
X 

t 

RenfiAelvnHft  cumberlandiif^  Hall .,,,. 

' 

Bensselffiria  elliptica  Hall 

X 

1 

KenRseUoria  intermedia  Hall 

X 

X 

1..      . 

RenAselffiria  marylandica  Hall 

Renaselteria  mntabilis  Hall 

X 

1 

Kensselseria  ovoides  (EUtton) 

X 
X 

1 

Renssela)ria  ovalum  Hall  and  Clarke 

I 

Ratinnlarijk  nAniuiflAlgnin  (  Hi^]]  and  Clarke) .      . . 

H 

M.H 

H 

1 

Keticnlariaflnibriata  (Conrad) 

X 

Co 

I 

Retlcnlaria  franklin!  (Meek ) 

Reticularia  knappiana  (Nettelroth) 

Co 

RAtipnlariftlmx-i,  (Hftll)       ' 

P     '              I 

Reticnlariamodesta(Hall) 

X 

X 

Reticularia nevadensiB  (Walcott) 

1 

ND 

Retio.ularia  (?)  nvmpha (Billings) 

X 

Reticularia  priematnra  (Hall) 

c 

Reticularia  subnndifera  (Meek  and  Worthen) 

H 

RM8ia(f)polyplearaA.Winchell 

P 

Reizia(?)  aubglobosaHall 

S 

s 

Rhipidomella  alsa  Hall 

X 

Rhipidomella  cleobis  Hall 

Co 

1 

Rhipidomella  cumberlandis  Hall 

X 

Rhipidomella  (?)cuneata  (Owen) 

H 
M.H 

Rhipidomella  cyclas  Hall 

Rhipidomella  diacuB  Hall 

X 

X 



Rhipidomella  eminens  Hall 

RhipidomeUa  good wini  (Nettelroth) 

H 
H 

Rhipidomella  Idonea  Hall 

Rhipidomella  leucoaia  Hall 

1 

Rhipidomella  livia  (Billings) 

Co 

Rhipidomella  luoiaBillinga 1 

X 

• 
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Table  YL^DevonUm  BraokiapodO'-^OBLUnvLed. 


Eodevonian.     Meaodevouian.     lieodevonian. 


Speciee. 


ShipidoiiieIbi(f)iiiitis(H«U) 

ShipidoiiiAll»  mnacnloMi  Hall 

KhipidmnelU  obUta  Hall 

KhipidonielU  obUta  emargiiiatA  Hall 

KlupidomelUpelorisHaU 

fihipidomella  penelope  Hall 

BhipidomeUa  pennsylvaniea  (Simpson) 

ShipidomellasmneleHall 

BhipidomeUa  soli  taria  Hall 

Bhipidomella  saborbicnlaris  Hall 

*  BhipidomeUa  thiemii  (White) 

BhipidomeUa  tabalostriaU  HaU 

BhipidomeUa  vaanxemi  HaU 

Bh  jnchonoQa  acutiplicata  HaU 

BfaynchoneUa  aUegaaia  Williams 

BhjnchoneUaaltipUcataHall 

Bhynchonella  ambigua  Calvin 

Bhynchonella  aspaaia  BUlings 

BhynchoneUa  bialyeata  HaU 

Bhynchonella  dryope  Billings 

Bhynchonella  eminens  HaU 

BhynchoneUa  exoellens  BUUnga 

BhynchoneUa  fitchana  HaU 

Bhynchonella  gainesi  Nettelroih 

Bhynchonella  horonenais  A.  WincheU 

BhynchoneUa  huronensia  precipua  A.  WincheU. 

Bhynchonella  ineeqaipUcata  HaU 

Bhynchonella  inntiUs  HaU 

Bhynchonella  lonisvUlensls  Kettelroth 

BhynchoneUa  mainensis  Billings 

BhynchoneUa  medea  Billings , 

Bhynchonella  maltiatriata  HaU 

BhynchoneUa  oblata  HaU 

BhynchoneUa  occidens  Walcott 

BhynchoneUa  planoconvexa  HaU 

BhynchoneUa  principalis  Hall , 

Bhynchonella  ramsayi  HaU 

BhynchoneUa  raricoe  to  Whitfield 

BhynchoneUa  Toyana  HaU 

Bhynchonella  mdis  HaU , 

Bhynchonella  semiplicato  (Conrad) 

BhynchoneUa  septota  HaU , 

BhynchoneUa  subacominato  Webster 

BhynchoneUa  snlcopUcato  Hall , 

BhynchoneUa  tenniatriato  Kettelroth , 

BhynchoneUa  transversa  HaU 

Bhynchonella  warrenensis  SwaUow 

Bhyncbospira  electra  Billings 

Bhynchospira(f)engeniaBiUings , 

Bhyncbospira  formosa  HaU , 

BhynchoapiiaglobosaHaU , 


Lower  i  Schc  '  J^T,'     ^^'  I    p. 

Hel-      Oris-      harie.    ^^^'  „»«••    '  ^^ 
der-      kany.  'comif.     *-' ,.  «"">».  ^S^ 


berg. 


Marcel-  Gene-    Ithaca. 
Ins.        see. 


X     .. 


H    '. 


.,      Co 


H 
H 


Co       M,  H 


Co 


Co 


Co 


X       . 

X    i. 

ED    1. 


ED 


Co 
Co 


HD 


Ha 
Hu 


Co 


Co 
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Table  Yh^Devonian  Braohiopadar-Contmned, 


SpeciM. 


RhynchoApira  rectirostrm  Hall 

Bhynchotrem*  formoe*  (Hall) 

Roemerella  grandUTanaxein 

Soenldlnm  Ineignia  Hall 

Schisobolua  concentrlcna  (Yanaxem) 

Sc]ilsocraDia(f)helderbergiaHall 

Sohisocrania  snperincreta  Banett 

Scbizophoria  oarinata  Hall 

Schixophoria  maofarlanii  (Meek) 

Schisophorla  manitobenaia  Whiteavea 

Schixophoria  moltistriata  Hall 

iSchlzophoria  ( T )  pedonoalaria  Hall 

Sohisophorla  proplaqna  Hall 

Sohliophoria  atriatula  (Sohlotheim) 

Scbizophoria  tioga  Hall 

SchlEophoria  tnllienais  (Vannxem) 

Selenella  gracilis  Hall  and  Clarke 

Seminnla  ( ? )  rogersi  Hall  and  Clarke 

Spirifer  acanthoptenu  (0>nrad) 

Spirifer  aoominatua  (Omrad) 

Spirifer  al»formia  de  Yemenil 

Spirifer  aldrichi  Etheridge.    Devonian. 

Spirifer  amams  Svallow 

Spirifer  angnalns  Hall 

Spirifer  ann»  Swallow 

Spirifer  arcticas  Haaghton.    Deyonian. 

Spirifer  arctisegmentoa  Hall 

Spirifer  arenosns  Conrad 

Spirifer  asper  Hall 

Spirifer  andacnlna  (Conrad) 

Spirifer  andacnlns  macronotus  Hall 

Spirifer  belphegor  Clarke 

Spirifer  bidoraalia  A.  Winchell 

Spirifer  billingsanns  Miller 

Spirifer  bimeeialia  Hall 

Spirifer  bjmesi  Nettelroth 

Spirifer  oonoinnus  Hall 

Spirifer  conson  A..  Wincbell 

Spirifer  corticoeua  HaU 

Spirifer  (r)0O8talisCastelnan 

Spirifer  cumberlandin  Hall 

Spirifer  cyclopiems  Hall , 

Spirifer  davisi  Nettelrotb 

Spirifer  dlqjunotoa  Sowerby 

Spirifer  di^Jnnctus  occidentalia  Whiteavea . . , 
Spirifer  di^onctna  aalcifer  Hall  and  Clarke. . 

Spirifer  divaricatna  Hall 

Spirifer  daodenarina  Hall 

Spirifer  daplipUcatoa  (Conrad) , 

Spirifer  engelmanni  Meek 

Spirifer  enruteines  OweD 


Eodevonian. 


Lower 
Hel- 
der- 
berg. 


Orla- 
kany. 


Mesodevonian.     NeodoTonian. 


a„^^      Tnllv,  I    Port-   , 

hS2>."»5»- „•«••    ;    Che- 
rv^i>  I    ton,     I  Huron,    mung, 
^^.    Marcel-    Gene-    Ithaca. 
««>«•■       lue. 


Co 


Co 
Co 


MD 


C 
ND 
ND 


MD    1. 


.1. 


Co 
Co 


H 
H 


KD 
C 


H 
H 
H 


Co 
Co 


M.H 
H 


Cof 


H 
H 


Co 
Co 


ND 


C 

ND 

C 


H 

MD 

H 
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Table  VI. — Devonian  Braekiopoda — Continued. 


BodevoniaD.  ;  Meeodevonian.     Keodevonian. 


Species. 


Spirifer  fllicostns  A.  Winchell 

Spirifer  formoBUB  Hall 

Spirifer  foniacaliia  Hall 

Spirifer  fomax  Hall 

Spirifer  gaapenaia  BUlings 

Spirifer  graimlosiu  (Conrad) 

Spirifer  gregarins  Hall 

Spirifer  grieri  Hall 

Spirifer  hemicyclaa  Meek  and  Wortben 

Spirifer  hobbsi  Kettelrotfa 

Spirifer  hongerfordi  Hall 

Spirifer  hnronensia  A.  Winchell' 

Spirifer  intermedios  Hall 

Spirifer  inntUie  HaU 

Spirifer  lowengis  Owen 

Spirifer  kennicotti  Meek 

Spirifer  macbridii  Calvin 

Spirifer  macconathii  Nettelroth 

Spirifer  macnu  Hall 

Spirifer  macroplenms  (Conrad) 

Spirifer  macTothyiia  Hall 

Spirifer  manni  Hall 

Spirifer  marcyi  Hall 

Spirifer  meBaairlalis  Hall 

Spirifer  mnlticostatuB  Caatelnan 

Spirifer  marcbiaoni  Caatelnan 

Spirifer  nictavensia  BawBon 

Spirifer  octocoBtatas  Hall 

Spirifer  oreates  Hall  and  Whitfield 

Spirifer  paradoxua  (Schlotbeim) 

Spirifer  pennatuB  (At water) 

Spirifer  pennatua  poeterue  Hall  and  Clarke  . 

Spirifer  pennatna  tullienais  WilliamB 

Spirifer  perextenaus  Meek  and  Worthen 

Spirifer  periennia  Hall 

Spirifer  pharoTicinna  A.  Winchell 

Spirifer  pinonenaia  Meek 

Spirifer  pinto  Clarke 

Spirifer  rectiplicatna  (Conrad) 

Spirifer  aaffordi  Hall 

Spirifer  segmentna  Hall 

Spirifer  atrigoaaa  Meek.    Devonian. 

^Spirifer  anbattennatoa  Hall 

Spirifer  aubdecnaaatua  Whitearea 

Spirifer  aubmncronatna  Hall 

Spirifer  aubatrigoaaa  Webater 

Spirifer  anbyaricoana  Hall  and  Whitfield 

Spirifer  tennia  Hall 

Spirifer  tenoiatriatna  HaU 

Spirifer  tribnlia  Hall 

Spirifer  tolllna  HaU 


Lower 
Hel.  I   Oria- 
der*      kany. 

berg.  I 


Scho- 
harie, 
Comif- 
eroQB. 


Tully,  '  Port 

Hamil- 1    age,        Che- 
ton,     Hnron, 

Marcel-    Gene- 
Ina.        aee. 


niung, 
Ithaca. 


H 
H 
H 
H 


Co 
Co 


ND 


MD 
MB 


NB 


Co 


X      I. 


£B 


Xf 


Co 
Co 


Co? 


Co 


Co 


Co 


I.C 


M.H 


Tn 


Hn 


MD 


Hf 
H 


ND 
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Tabus  YI. — Deronian  Braohiopoda — Continned. 


Eoderonian. 


Spec.ieH. 


!  Lower 
I   Hel. 
'    d«r- 
I  berg. 


Spirifor  urbanns  Calvin 

Spirifer  varicosiis  Hall 

Spirifer  whitneyi  Hall 

Spirifer  villiamsi  Hall  and  Clarke 

Spirifer  wortbenanuB  Schucbert 

Spirifer  wortbeni  Hall 

Stringooepbalas  burtini  Defrance 

Strophalosia  bystricnla  Hall 

Btropbalosia  maricata  Hall 

Stropbaloaia  radicans  ( A.  TTincbell) 

Stropbalotda  rockforclensis  Hall 

Stropbaloaia  trimcata  (Hall) 

Stropbeodonta  al  veata  Hall 

Stropbeodonta  arcnata  Hall 

Stropbeodonta  beckii  Hall 

Stropbeodonta  blaiDviUii  (BiUinga) 

Stropbeodonta  oallawayenaia  Swallow 

Stropbeodonta  calloaa  Hall 

Stropbeodonta  calvini  Miller 

Stropbeodonta  canace  Hall  and  Wbitfield 

Stropbeodonta  cincta  A.  Wlncbell 

Stropbeodonta  concava  Hall 

Stropbeodonta  (?)  ooatataOwen 

Stropbeodonta  crebrlatriata  Hall 

Stropbeodonta  demiaaa  (Conrad) 

Stropbeodonta  demiaaa  imitata  A.  Wlncbell. 

Stropbeodonta  orratica  A.  Wincbell 

Stropbeodonta  fieldeni  Etberidge 

Stropbeodonta  galatea  (BiUinga) 

Stropbeodonta  bemiapberica  Hall 

Stropbeo<lonta  insqoJradiata  Hall 

Stropbeodonta  insBqaiatriata  (Conrad) 

Stropbeodonta  indenta  (Conrad) 

Stropbeodonta  interatrialia  (Pbillipa) 

Stropbeodonta  interatrialia  (Vannzem) 

Stropbeodonta  iowenaia  Owen 

Stropbeodonta  Irene  (Billiuga) 

Stropbeodonta  junia  Hall 

Stropbeodonta  kemperi  Swallow 

Stropbeodonta  lincklseni  Hall 

Stropbeodonta  macroatriata  ( Walcott) 

Stropbeodonta  magniflca  Hall 

Stropbeodonta  raagni  ventra  Hall 

Stropbeodonta  mncronata  (Conrad) 

Stropbeodonta  navalia  Swallow 

Stropbeodonta  navalia  boonenaia  Swallow  . . . 
Stropbeodonta  parva  Owen 


Oria- 
kany. 


Meaodevonian.  '  Keodevoniaii. 


Scbo- 
barie, 
Comif- 
erona. 


ton, 

Marcel 

lua. 


Co 


Co 


Tnlly,  1  Port 
Hamll-!    age,    '    Clie- 


Hnron,  mun^. 
Gene-    Itbaca. 


C 
C 


H 
MD 


C 
C 


M,H 


ED 


Co 


Co 


Co 


C 

I 


c 
c 


H 
H 
H 


MD 
H 
H 


NO 


ED 
ED 


Co 

Co 
Co 


M,U 


MD 


I 
1^D7 


X 

ED 

X 
X 


Co 


H 
H 


I 


Stropbeodonta  parva  Hall Co 


H 
H 
H 


Stropbeodon  ta  patersoni  Hall 

Stropbeodonta  perplana  ( Conrad) 

Stropbeodonta  perplana  nervoaaHall. 


I 


Co 
Co 


1,0 

I 
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SpeclM. 


EodavoniAD.     Mesoflevonlan.  i  XeodeTonian. 


Lower 
Hel-      Oris, 
der-      kany. 
berg. 


^^^      Tullv,     Port-  ■ 

n^w^if      ^^^*     Hiirun,    munff, 

^®"'"-  Marcel.j  Gene-  I  Ithwa. 

las.    I     see. 


Co 


I 


I 


Co 
Co 


Stropheodonta  perpluia  talliensls  Willi«n«. . 

Strophcodonta  plannUta  Hall 

Stropheodonta  pUcata  Hall 

Stropheodonta  tallia  (BiUings) 

Stropheodonta  TariabiliA  Calvin 

Stropheodonta  raristriata  (Coprad) 

Stropheodonta  Taristriata  arata  Hall 

Stropheodonta  vaacularia  Hall 

Stropbomena  (T)  elongata Conrad 

Strophomena  (f)  gibbosa  Conrad 

Strophonella  ampla  Hall 

Btrophonella  C4elata  Hall 

Strophonella  cavnmbona  Hall 

^trophonella  ( ?)  conradi  Hall 

Strophonella  crasaa  Rowley 

Strophonella  genicnlata  (Hall) 

Strophonella  headleyana  Hall 

Strophonella  leavenworthana  Hall 

Strophonella  punctolifera  (Conrad) 

Strophonella  ( ?)  radiata  ( Vannxem) 

Strophonella  reTerea  Hall 

Strophonella  scfaohariensis  Castelnan I     Co? 

TerebratulaeliaHall '  ' 


Tu 


I 


I 


TerebratulaJucnndaHall j I      Co 

Terebmtala  Ontario  Hall 

Terebratnla  traversenaia  A .  Winchell ' 

Trematoepira  coetata  Hall 

lYematoapira  dubia  (Billings) 

Trematoepira  eqnistriata  Hall  and  Clarke 

Trematoepira  gibbosa  Hall 

Trematoepira  hippolyto  (Billings) 

Trematoepira  ( 7)  linluscula  A.  Winchell 

Trematoepira  maria  (Billings) 

Trematospira  mtdtistriata  Hall 

Trematospira  perforata  Hall 

Trematoepira  simplex  Hall 

Trematoepira  tenneseeensis  Hall  and  (Harke 

Trigeria  gaudryi  (Ehlert 

Trigoria  ( ?)  lopida  Hall 

Trigeria  ( f)  portlandica  (Billings) 

Tropidoleptns  carinatas  (Conrad)  

Tropidoleptus  oocidena  Hall 

Uncinalus  abmptus  (Hall)  

Uncinnlos  campbellanus  (Hall) 

Unctnalos  mntabilis  Hall 

ITneinalns  nobilis  (Hall) 

Undnnlus  nadeolata  (Hall) 

TJncinalna  pyramidatns  (Hall) 

Uncinulus  Tellicata  Hall 

Vitulina  pnstnloea  Hall 

Whitfleldella  ( f)  biauloaU  (Vanuzem) 


MD 


H 
H 


M,H 
H 
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Table  VI. — Devonian  JBrachiopoda — Continued. 


EodevonUm. 


Species. 


Whitfleldolla  ( T)  harpalyce  (Billings) 

Zygospira  ( ?)  anbcoDcava  Meek  and  Worthen 

l^iunber  of  Devonian  Bpeciee,  (M3. 

Number  of  species  in  each  division 

Number  of  species  common  to  the  Lower  Helderberg 

and  the  other  divisions 

Number  of  species  common  to  the  Oriskany  and  the 

other  divisions 

Number  of  species  common  to  the  Comiferous  and 

the  other  divisions 

Number  of  species  common  to  the  Hamilton  and  the 

other  divisions 

Number  of  species  common  to  the  Genesee- Portage 

and  the  other  divisions 

Number  of  species  common  to  tlie  Chemung  and  the 

other  divisions 

Species  common  to  the  Devonian  and  Carboniferous 

Hystems,  11. 
Number  of  species  passing  ttom  each  division  into 

th  e  Carboniferous 


Loweri 
Hel-  1   Oris- 
der-      kauy. 
berg. 


129 


Mesodevonian.     Neodevonian. 


Scho- 
harie, 
Comif- 
erous. 


Tully, 
Hamil. 

ton, 
Marcel- 

lus. 


Port- 

age,    I    Che- 
Huron,    mnng. 
Gene-  |  Ithaca. 


101 

8 


I        15 

I 

7 

I 

1 

i     i 


126 
2 

15 


J         27 


27 
4 
7 


12 
24 


41 
I 
0 
2 

12 


117 
2 
3 
7 
23 
17 


10 
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Table  VII. — CarJHfHiferoua  and  Permian  Brachiopoda, 

[B = BnrliDgton ;  EC  =^  EocarboniferooB ;  K  —  Keokak ;  Ea  —  Kaskaakia ;  SL  =  St.  Louis.    Specie* 
preceded  by  an  obelisk  <t)  are  foimd  in  the  Devoiiiaii  also.] 


Em 

Kinder- 
book. 

sarboniferons. 

Meso- 
carbon- 
iferous. 

Neo- 
carbon- 
iferous. 

Species. 

■n„_'    1      kia, 
4-,8t.Lo»U. 

Coal 
Meas- 
ures. 

Per- 
mian. 

X 



Acambona  prima  Vbite t, ...... .......xr 

B 

1 1 

Amboc«eliaminiitaTrhite 

X 

1                1 

AmbociTtlia planoconveza (Shnmaid) . 

X                   X 

AthTTia  biloba  r  A.  TVlnchell) 

X 
X 

* 

AtbvTia  ( f  J  coroalenta  (A.  Winchetl) 

Athvris  denaa  Hall  and  Clarke 

SL 

Athjrift  liMiiiibftier^M  (Shallow) 

X 

1 

Atbyria  iBcraasata  Hall 

B 

1                ' 

A  tb  jria  interrarica  HcCheaney 

B 

'                1 

Atbyria  (f)jack8oiii  (Swallow) 

X       

Atbyrfs  lam^ll^?^  (T,'K'«^^ilH                  

X 

X 

EC 

X 

K 



Atbyris  miasooriensia  ( A.  WincbeU) 

1 

Atbyria  monticola  (White) 

1 

1 

Atbyria  obioensis  ( A.  Winchell) 

Ka 

Atbyria  (7)  perinflata McC^heaney 

K 

Atbyria  prouti  (Swallow) 

X 

Atbyria  ultravM-ica  McCbeeoey 

K 

■*  1    '  " 

Aolacorbyncbag  mlllipanctata  (Meek  and  Wortben) 

X 
X 

BeecheriadaTidaoni  Hall  and  Clarke 

Camaropborella  lenticularis  (White  and  Whitfield) 

B 

Canoaropboria  ( F)  bisolcata  Sbnmard 

X 

B 

Camarophoria  explanata  (McCbeaney) 

Ea 

Camarophoria  occidentalis  Miller 

B 
E 

Camarophoria  aubcnneata  Hall 

SL 

"^ 

Camarophoria  sabtrigona  Meek  and  Wori<ben 

K 
EC 

Camarophoria  thera  Walcott     ,      r 

CaiT«ATnpbnriA  (  T)  wnrtliAnf  (Hftll) .--...    

SL 

ICamarotoecbia  contracta  Hall 

X 

X 
X 
X 

<7an)arotmcb<a  Hitgnniii a  ( A .  Winchell) ......  r  r .... , 

ICamarotcBcbia  sappho  HaJl .■,,.■, 

Centronella(  7)  allii  A.  Winchell 

Centronella  ( ?)  crassicardlnaiis  Whitfield 

SL 

Centronel]a(?)  flora  A.  Winchell 

X 
X 

! 

CboneteagenicnlatA  White 

X 
■    X 

'"'honeieii  gnmnUfera  Owen 

X 

Chonetee  illinoienais  Worthen 

B 
B 
B 

Cbonetee  logani  Norwood  and  Pratten 

X 

tChonetes  logani  aurora  Hall 

Cbonetes  loganenais  Hall  and  Whitfield 

X 

Cho^et^s  me^olobus  'Norwood  and  Pratten .  -r  - . .  t  .  ....... 



X 
X 



Cbonetes  michiganensis  SteTons 

Cbonetes  mnlticoeta  A.  Winchell 

X             R 

CHionetes  omata  Shamard 

X 
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Table  VII. — CarhmiferouM  and  Permian  Braohiopoda — Contiuned. 


SpeoiM. 


Chonetes  ]Mirv»  Shnmard 

Chonetes  permUnA  Shumard 

ChonetM  pUummbon*  Meek  and  Worthen . . . 

Chonetee  pUtjnotuB  White 

ChoDetes  pulohella  A.  Winofaell 

fChonetee  Mtigera  (Hall) 

Chonetee  shnmardiana  de  Koninck 

Chonetes  tnmida  Herrlck 

Cfaonetes  rariolata  d'Orbigny 

Chonetes  Temeuiliana  Norwood  and  Pratten 
Chonetee  Tornenlliana  atahenais  Meek 
Chonopectne  fischeri  (Norwood  and  Pratten) 
Cleiothyrla  clintouenBis  (Swallow) 
Cleiotbyrls  craflsicardinalia  (White) 

Cleiothyria  hirsnta  (Hall) 

CleiothyrU  misaonrienaia  (Swallow) 
Cleiothyria  obmaxima  (McCheaney) 
Cleiothyria  obTia  (McCheaney) 
Cleiothyria  orbicnlaria  (McCheaney) 
Cleiothyria  reflexa  (Swallow) 
Cleiothyria  roiaayi  (L'EveiUe) 
Cleiothyria  aqoamoaa  (Worthen) 
Oania  cheaterenaia  Miller  and  Onrley 

Crania  las  via  Keyea 

Crania  modeata  White  and  St.  John 

Crania  ( f)  permiana  Shamaid 

Crania  repoaita  White 

Crania  rowleyi  Gnrley 

Cryptaoanthia  compacta  White  and  St.  John 

f  Cryptonella  ( f)  endora  Hall. 

Cryptonella  ( !)  inoonatana  (Herriok) 

Cryptonella  aabelllptica  Hall  and  Clarke 

Cryptonella  alia  Hall 

Cyrtina  acutirostria  (Shnmard) 

Qyrtinabarlingtonenaia  (Bowley) 

Cyrtina  laohrymoaa  Hall  and  Clarke. 

Cyrtina  neogenee  Hall  and  Clarke 

Cyrtina  triplicata  Simpaon 

Derbya  afBnia  Hall  and  Clarke 

Derbya  bennettl  Hall  and  Clarke 

Derbya  bllobaHaU 

Derbya  broadhteadi  Hall  and  Clarke 
Derbya  (?)  costatnla  Hall  and  Clarke 
Derbya  oraaaa  (Meek  and  Hayden) 
Derbya  cymbnla  Hall  and  Clarke 
Derbya  kaakaakionaia  (McCheaney) 

Derbya  keoknkHaU 

Derbya  pratteni  (McCheaney) 

Derbya  robaata  (Hall) 

Derbya  raginoaa  Hall  and  Clarke. 


Eocarboniferous. 


I    Meao-  I    Neo- 
I  carbon- 1  carbon* 
I  iferous.  iferoaa. 


I  I    Keo- 

Kinder-    knk 


Kaakaa- 1    Coal 
lington.  ®^^"^l    '*"*• 


Per- 
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Tablk  VII. — Carhaniferaus  and  Permian  Braehiapoda — Continned. 


lUicarboniferoQft. 


Heso-      Neo- 
carbon- 1  carbon* 
i/arous.  [iferous. 


Speoles. 


Keo- 

Kinder 

kuk, 

book. 

1    Bur- 

Unffton 

Dielaama  bovidens  (Morton) | 

DielasmA  borlingtonensiB  White X      

Dielnsma  formoea  Hall 

Dielasma  gorbyi  Miller K 

Dielasma  obovata  Hall  and  Clarke 

IHelasma  oceidentaliB  (Miller) I        X     j 

Dielasma(r)rowleyi(Vorthen) | '        B 

Dielasana  aaccnlna  (Martin) 

Dielasma  shnmardana  Miller 

Dielasma  tnrgida  (Hall) 

Snteletee  bemiplieaU  Hall 


Eiiinetria(7)altiroatiiB(White) 

Emnetria  marcyi  (Shnmard) 

Eometria  maroyi  coetata  Hall 

Snmetria  wooateri  (White) 

Gloasina  flabeUnla  Hall  and  Clarke 

Gloeaina  nebnakenaifl  (Meek) 

Gloeainaaedalienaia  (Miller) 

Gloaaina  warerlyensis  (Herrick) 

Harttina  anna  (Hartt) 

Hoatedia (?)  meekana  (Shnmard) 

Hnatedia  mormoni  (Marcou) 

fiuatedia(?)paplllata(Shumard) 

Hnatedia  (?)  triangnlaria  (Miller) 

Leiorhynchoa  boonenae  (Shnmard) 

LeiorbynchnanewberrylHall 

f  Leptena  rhomboidalia  ( Wilckens) 

Lingnla  atra  Herrick 

LiDgnla  carbonaria  Shnmard ■ 

Lin^la  crawfordavillenaia  Gnrley 

t  Lringula  cnyahoga  Hall 

LIngulagannenala  Herrick 

Lingnla  gorbyi  Miller 

LingnUhalli  White 

Lingnla  indianenaia  Miller  and  Gnrley 

Lingnla  meeki  Herrick 

Lingnla  melie  Hall 

Lingnla  membranaoea  A.  Winchell 

Lingnla  my  tiloidea  Sowerby 

Lingnla  paradetuB  Hall  and  (Jlarke 

Lingnla  parriahi  Miller 

Lingnla  tighti  Herrick 

Lingnla  umbonata  Cox 

Lingnla  varaovienae  Worthen 

Lingiilodiacina  ( ?)  connata  Walcott 

Lingnlodiacina  newberryl  Hall 

Lingnlodiacina  plenritea  (Meek) 

Martinia  gUibra  (Martin) 

Martinia  glabra  contracta  Meek  and  Worthen. 
Martinia  l»Tlgata(SvaUov)  


I 


I 


I 


SL 


Ka 
Ka 


.  8L,Ka 
Ka 


B 
K 


SL 


EC 


Ka 


x.i; 


Xf 
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Tablk  VII. — Carboniferous  and  Permian  Braekiopoda — Continned. 


Socarboniferons . 

Meao- 
carbon- 
iferoua. 

Neo- 
carbon- 
ifeitma. 

Specie*. 

1    Keo- 
Kinder-     knk. 
hook.      Bur- 
lington. 

Ka«ka8- 

kia. 
StLouU. 

Coal         n^^ 
Meaa-       *f'^' 
n^       ™*«^ 

Meekella  oocidentalis  (Newberry) 

1 
1 

X 
X 
X 
X 

MeekellA  ( f )  occidentalis  (Swftllow) 

1 

MmIt a11«  nvrnmiflAlia  rNAV>Mrrv)    _ 

1 

Me«kellA  striAtocostata  (Cox) 

X 

Mcriatella  ( ?>  inccrta  Slmnson                  

X 
X 

Kacleoapira  barrisi  White 

Orbicaloidea  ( ?)  capax  (White) 

Orbicnloidea  caDiillfonnis  (McCheeoeT) 

X 

X 

Orbicaloidea  coDvexa  (Sbumard) 

1 

Orbicnloidea  frallaheri  (A.  Wlnchell) 

X 
X 

Orbicn1oidf>a  bf^rtzori  Hall  and  CTlarke 

Orbicnloidea  keoknk  (Gnrlev) 

K 

Orbicnloidea  illinoienaia  (Miller  and  Onrlev) 

X 

Orbicnloidea  magnific-a  Herrick 

V 

Orbicaloidea  manhattonensis  (Meek  and  Havden) 

X 
X 
X 
X 

Orbicnloidea  misaoarienBia  (Shumard) ' ! 

Orbicnloidea  ( f  >  mnnda  (Miller  and  Oorlev) ' 

Orbicnloidea  nitida  iPhillias) 

Orbicnloidea  natellarls  (A.  Wincbell) 

X 

EC 

X 



Orbicnloidea  saffordi  (A.  Winohell) 

Orbicaloidea  aampsoni  (Miller) 

Orbicaloidea  Bubtrigonalis  (McChesney) 

X 
X 

X 

Orbicaloidea  tennillneata  (Meek  and  Hayden) 

Orbicnloidea  utahenais  (Meek) 

Orbicaloidea  varaovlensis  ( Worthen) 

K 

Orthia  (?)  flara A.  Wincbell 

A 

Orthotbetes  creniatrins  (Phillips) 

EC 



Orthotbetes  desideratus  Hall  and  Clarke 

X 
X 
X 

X 

Orthothetea  innqnaliB  (Hall) 

Orthothetea  inflatas  (White  and  Whitfield) 

1 i : 

1 1 

Orthothetea  lens  (White) 

'  1 

Orthothetea  nmbracnlum  A  n1  bom      r-T-r.^  --w».t  

EC 



ProboacidoUa  ( ?)  olaTa  (Norwood  and  Pratten) 

. 

X 

Prodactella  arcnata  Hall 

X 
X 



1 

Productella  concentrica  (Hall) 

1                  1                1 

t  Productella  lachrymosa  stigmata  Hall 

ProdnctoUa  pyxidata  Hall 

X 
X 
X 

X 

1 

.  .1                 1 

Prodactella  shamardana  Hall 

1                           1 

tProductella  BpeciosaHall 

::::::::i::::::T':*:::v:: 

Productns  altematus  Norwood  and  Pratten - 

K 

i  1 

Pro<lactnB  altonenBiN  Norwood  and  Pratten .  r 

8L 

1 

Produotna  aaricalatus  Swallow 

X      1 

ProductusbislnnatnsHall 

.. 

Prodnctaablairi  Miller 

X 

Produotna  boliyienBiB  d'Orbigny 

' 

X     1 

X     1 

X     1 

X     1 

1 

1 

Prodnctua buchianna de l^nninck ^-.-. .......... .-,  

1 

Produotna  burllngtonensia  Hall 

B 

Productua  carbonarioa  de  Eoninck.    Carboniferoua. 
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Table  VIL — Carboniferous  and  Permian  Braehiopoda—Coutmiiml. 


Speciee. 


Bocarboniferons. 


Kinder- , 
hook.  < 


Prodnotas  confrftgosas  Oonrad 

Fiwluctas  coo|»ereii8i8  Swallow 

Produotns  oora  d'OrMgny 

Pndactas  cora  mogoyonl  Marooa 

Fxodactoa  conDformia  Swallow 

Prodoctaa  coatatoidea  Swallow 

Prodnctoa  ooatatua  da  Koninck 

Prodactna  ctirtlToatratns  A.Wmchell 

Pndnetoa  delawari  Marooa 

Prodactna  depreaana  Swallow 

Prodactoa  doloroaoa  A .  Winohell 

Prodactaa  daplicoatatoa  A.  Winobell 

Prodactna  faacicnlatna  MoChcHney 

Prodnctua  fentonenaia  Swallow 

Prodactna  flmbriatoa  Sowerby 

Prodactoa  flexiatriua  McCoy 

Prodactaa  giganteaa  (Martin) 

Prodactaa  graeitia  A.  WiDChell 

Prodactoa  gradataa  Swallow 

Prodactoa  granoloaaa  Phillipa 

Prodactoa  hepar  Morton 

Prodactoa  bildrethanna  Norwood  and  Pratten. . . 

Prodactoa  iodiaaenaiB  Hall 

ProdoctoainflatoaMcChaaney 

Prodactoa  lT©ai  Newberry 

Prodactoa  UeTicoatoa  White 

Prodactoa  laaallenaiB  Worthen 

Prodactoa  latiaaimoa  Sowerby 

Prodactoa  leochtenbergensia  de  Koninck 

Prodoctua  longiapinaa  Sowerby  7 

Prodactoa  longoa  Meek.    Carbooiferoaa. 

Prodactoa  magoicoatatoa  Swallow 

Prodactoa  magnoa  Meek  and  Worthen 

Prodactoa  margaritaoeoa  Phillipa 

Prodactoa  margin  icinctoa  Proot 

Prodoctaa  meaialia  Hall 

Prodactoa  meaoloboa  Phillipa.    Carbooifercras. 

Prodactoa  mexlcaooa  Shomard 

Prodactoa  morbiUianaa  A.  Winchell 

Prodactoa  maltiatriatoa  Meek.    Carboniferoaa. 

Prodoctoa  moricatoa  Norwood  and  Pratten 

Prodactoa  nanoa  Meek  and  Worthen 

Prodactoa  nebraaoenaia  Owen 

Prodoctua  BOTadenaiB  Meek 

Prodoctaa  newberryi  Hall 

Prodactoa  newberryi  annoaoa  Herrick 

Prodactoa  nodocoatatoa  Herrick 

Prodactoa  nodoaoa  Newberry 

Prodoctaa  norwoodi  Swallow 

Prodoctaa  occidentalia  New  berry 


Keo- 
kuk, 
Bur- 
lington. 


Kaakaa- 

kia,      : 
St.  Louis. 


Meso- 
carbon- 
iferous. 

Coal 
Meaa 
ores. 


Neo- 
carbon- 
iferons. 


Per- 
mian. 


SL 


EC 
K 


Ka 


SLf 
Ka 
EC 


SL 


SL 


Xf 


X 

Xf  I 
Xf 
X 
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Tabls  VII. — CarbaniferauB  and  Permian  Braehiopoda — Continued. 


Bocarboniferoua. 

Meao- 
carbon- 
iferous. 

Neo- 
carbon- 
iferoua. 

Species. 

Kinder- 
hook. 

Keo- 
kuk. 
Bur- 
lington. 

kia.         Meaa- 
St.Louia.'    urea. 

Per- 
mian. 

PrOdlMfiUfl    O'VWtUft    HaU  ».,r        wr , r .._,,,,^-, 

BL 

ProduetaM  iMurmlos  A.  Winchell 

X 

Prodactus mrvni}  Meek  ftnd  Worthen ................... 

Ka 

Prodnctnn  Twrtenuie  Meek 

X        X  X  X  X  X 

ProductuaphillipsiKorwoodandPratten.  Carboniferous. 
Prodnctns  pileolue  Shnmard , 

Productns  pocillum  Morton T 

Prodnotiui  popii  Shunuurd 



Prodactua  pnnctatua  (Martin) 

Prpdnctna  pnatnlosiu  PhiUipa 

Productua  rarlcoatataa  Herrick 

X 

X 

Prodactaa  mshvillenaia  Henick 

Froductna  Bcabricnlua  (Martin) 

BC 
SL 
SL 

X 

Productua  acitulua  Meek  andWorthen 



Productua  aemireticnlatua  (Martin) 





X 
X 
X 

X 

X 



Productua  aemiatrlatu*  Meek 

1 

Prodactua  subhorridua  Meek.    Carboniferoua. 
Productua  airallo  vi  Beeo  her 

1 

1 

Ka 

Productua  aymmetricua  MoCheaney 

1 

Productua  tennicoatatna  Hall 

1  ' 

SL 

Productua  undiferua  de  Koninok 

X 

B 

Prodnctui  "TorthenJ  Hall 

K 

Productua  weyprechti  Tonla 

X 

Pty chospira  aexplioata  White  and  Whitfield 

X 

Pngnax  dawaonianna  (Davidaon) ^ ^ 

X 

X 

Pumaz  elobnlina  (DaTidaon) . . 

Pn^ax  jTwenori  Hall ...t. ^          .....^^.1 

SL 
SL 
SL 

Pngnax  mutatna  Hall . 

K 

1 

Pngna^  OttUTH'TP-  (Wbit*)  -,,,..- 

Pugnax  pttgnua  miaaourienaia  (Shumard) 

X 

Pugnax  rockymontanna  (Maroou) 

X 

Pugnax  striatocoHtatua  (Meek  and  Worthen) 

X 

] 

Pugnax  awallovanua  (Shumard) 

X       

Pugnax  Utah  (Marcou) .  .... 

X 

BedculariA  cooperenaia  (Swallow) 

X 

' 

Beticularia  gnadalupenais  (Shumard) 

X 

X 
X 

Beticularia  perplexa  (MoCheaney) 

Reticularia  perplexa  etriatoliueata  (Swallow) 

B.K 

Beticularia  aetigera  (Hall) 

Ka 

Beticularia  (?)  temerarla  (Miller) 

B 

Beticularift  tenuiapinata  (Herrick) 

X 

Beticularia  tranalata  (Swallow) 

Ka 

Betsiad)  circularis Miller 

X 
X 
X 

1 

Betsia  ( f )  plioata  Miller 



Bhipidomella  burlingtonenaia  Hall 

B 
& 

Bhipidomellacl«rkenaia(SwaUow) 
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Table  YU,^Carh<miferou9  and  P0rmian  Braohiopoda—CoiktinvLed. 


Mew>. 
carbon- 
iferooa. 

Coal 
Meaa. 

Neo. 
carbon - 
iferoua. 

Spociea. 

Kinder 
hook. 

Keo. 

kuk. 

Bnp. 

lington. 

B 

Kaakaa- 

kia, 
StLonia. 

Per. 
mian. 

'Rhfiri4'nn«1U  dalvana  f Mf ll(>r> 

1.     . 

BhipidomelU  dabia  Hall 

SL 

1 

Ithf p1>lovf^ll%  nii<^h^1inf  i  T.'^vMU) 

X 

■ 

Rbipidomella  miaaoarlenaia  (Swallow) 

X 

Rhipidomella  neTadensia  (Meek) .    Carboidferona. 
Rhipidomella  occaaua  Hall 

X 
X 

i 

Bhipidomella  oweni  Hall  and  CHarke ' 

1 

1 

BblDidomella  iiecoai  (Marcoa) 

1 

X    1 

RhipidomeiU  anbeUipUca  (White  and  Whitfield) 

IRhiDldomfillAthiemii  (White) 

X 
X 

X 

1 

1 

1 

l^hinidmnella  varnixfimi  tmlohella  Herrick 

i 

1 

Khvnchonella  aca<1iniiiiia  I^RTidaon rxx. 

1 

X           

Hhynohonella  algeri  McCheaney 

i 

X       

Rbvnchonella  arrtiroatrata  ftwallow 

8L 

HhTnohonella  hamnfmaia  A .  Winchell            

X 
X 

1 

1 

Rhynehonella  carbonaria  McCheaney 



X     i 

X 

1 

fihynchonella  eurekenaia  Walcott 

EC 

i 

Hhynchonella evangf^lina  Hartt- ,.-.,^-...  .r ..,-..... 

X     1 

Sbynchonella  gnadalnpe  Shnmard 

X       

X 
X 

1 

lUiynchonella  hubbardi  A.  Winchell 

1 !           1""' 

Bbyiichonella  ida  Hartt 

i 

X     ' 

Rhynehonella  illinoiaen^ia  Worthen 

' 

X     ' 

Bhynchonella  indentata  Shumard ' ' 

X      

Wiyn^rlioneUa TniM<fH  HaII  ...,,., ^ .        

SL 

'Rbyn<^bon<«iU  mndlfilliw  SiiPiwon. , . , . . . .   .   r 

X 

ShTnchoDellA  metallica  White 

1 

X     1 

Khvnrhonplla micropl«nrft  A.  W'n^hrf*   ..,.„,.,., 

X 
X 
X 

1 

Tlhynchon^Ua  obaoleacena  Hall 

1                1 

'RTiim<>lMniAl1&  nnnAaffo.  TThf tA  anri  "Witlf AaIH 

i          ,      1 

Ithynchonella  p4»rn>HtellfltA  Swallnw  r  r ,...,.  r  

SL 

1 

Bhynchonella  peralnnata  A.  Winchell 

X 

1 

Bhynchonella  pleiin>don  (Phillips) 

X       

Bhynchonella  ricinnla  Hall 

SL 

Bhyncbonnlla fftr^ata Simpson  . . , ...-r. 

X 

Rhynehonella anboinrtiilnrift  A . '^inchell. ,  .. 

X 
X 

Bhynchonella  tetraptyx  A.  Winchell 

Rb  vn<?h"nel1a  t^^xana  Shnmard 

X 

BhTnchonella  tuta  Miller ' 

B 

X 
X 
X 
X 
X 
X 

1 

1 

Bhvnchooora noatnloaa  (White) 

lUivnchoanIra  (MMmaft  TTnll  nnd  ClurkA, ,. 

Rmningfl»<nftjnl*a(A.  WiTiflh^ll) 

Schiaophoriareeapinata  (Martin) 

EC 

Schizonhoria  reanninoideH  (Ootl) 

X 

SeMaophorUawalloviHall 

B 
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Table  VII. — Carboniferous  and  Permian  Brachiopoda — Continued. 


Species. 


Seminula  argentea  (Shepard) 

Seminula  caput-serpentis  (Swallow) 

Semiimla  rharitonenaiH  (Swallow) 

Seminula  claytonl  (Hall  and  Whitfield) 

Seminnla  dawsoni  Hall  and  CHarko 

Seminula  formoaa  (Swallow) 

Seminula  hawnl  (Swallow) 

Seminula  maconenRis  (Swallow) 

Seminula  parva  (Swallow) 

Seminula  perainnaia  (Meek).    Carboniferous. 

Seminula  ( ?)  plattensia  (Swallow) 

Seminula  singletonii  (Swallow) 

Seminnla  subqnadrata  (Hall) 

Seminula  trinuclea  Hall 

Seminula  waaatchensis  (White) 

Spirifer  acuticostatns  de  Koninck 

Spirifer  ageUiuB  Meek 

Spirifer  albapinenais  Hall  and  Whitfield 

Spirifor  annectana  Walcott 

Spirifer  biplicatua  Hall 

Spirifer  boonensia  Swallow 

Spirifer  comeratua  Morion 

Spirifer  cameratua  pcrcraaaua  Swallow 

Spirifer  centronatns  A.  Winchell 

Spirifer  clavatulua  McCheaney 

Spirifer  deltoideus  Horrick 

Spirifer  deaideratua  Walcott 

Spirifer  duplicoatua  Fhlllipa.    Carboniferous. 
Spirifer  faatigatna  Morton.    Carboniferous. 

Spirifer  ( ?)  flmbriatus  Morton 

Spirifer  forbesi  Norwood  and  Pratten 

Spirifer  f^ltonenais  Worthen 

Spirifer  grimeai  Hall 

Spirifer  imbrex  Hall 

Spirifer  incertua  Hall 

Spirifer  increboscena  Hall 

Spirifer  increbeacena  americanua  Swallow 

Spirifer  increbeacena  tranaveraalis  Hall 

Spirifer  kelloggi  Swallow 

Spirifer  keokuk  Hall 

Spirifer  keokuk  ahelbyenaia  Swallow 

Spirifer  lateralia  Hall 

Spirifer  latior  Swallow 

Spirifer  leidyi  Norwood  and  Pratten 

Spirifer  leidyi  choaterensia  Swallow 

Spirifer  leidyi  merimacenaia  Swallow 

Spirifer  littoni  Swallow 

Spirifer  logani  Hall 

Spirifer  marconi  Waagen 

Spirifer  marionenais  Shnmard 


Eocarboniferons. 


Meso-   {    Keo- 
carbon-  carbon- 
iferous, iferona. 


I    Keo- 
Kinder     kuk. 
hook.  '    Bur- 
iUngton 


Kaakas-      Coal 

kia,         Meas- 

St^  Lonia.     urea. 


Per- 
mian. 


Ka 

SL 


EC 


EC 


X 
X 


X 
X 

X 
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Table  YIL — Carhoniferoua  and  Permian  Brachiopoda — Contmned. 


Species. 


Spirifer  moekl  Swallow 

Spirifer  mexleannfl  Shomard :. 

Spirifer  miaaonrienals  Swallow 

Spiiifer  mortonanaa  Miller 

Spirifer  muDdiilQa  Bowley 

Spirifer  myaticenaia  Meek 

Spirifer  negloctna  HaU 

Spirifer  newberryi  Hall 

Spirifer  noramexicaniia  Miller 

Spirifer  oregonensia  Shnmard 1 

Spirifer  osagenais  Swallow 

Spirifer  ovalis  Pliillips.    Carboniferooa. 

Spirifer  pecnllaria  Shnmard 

Spirifer  rockynioiitaiiiia  Marcon 

Spirifer  roeteUatna  HaU 

Spirifer  roatratua  Morton 

Spirifer  acobina  Meek.    Carbonlferona. 

Spirifer  aillanna  A.  Wincbell 

Spirifer  atriatiformia  Meek 

Spirifer  atriatna  (Martin) 

Spirifer  aubeqnalia  Hall 

i  Spirifer  sabattenoatoa  HaU 

Spirifer  aabcardiformis  HaU 

Spirifer  auborbicnlaria  fiall 

Spirifer  anbrotnndatna  HaU 

Spirifer  anlcifema  Shnmard 

Spirifer  taneyenaia  SwaUow 

Spirifer  tennicoetatna  HaU 

Spirifer  tennimarginatns  HaU 

Spirifer  tezanna  Meek 

Spirifer  trigonalia  Martin 

Spirifer  vemonenaia  SwaUow 

Spirifer  vemonenaiB  ozarkenaia  Swallow. .. 

Spirifer  waverlyenais  A.  WincbeU 

Spirifer  wincheUlHerrick 

Spiriferina  acicnlifera  Eowley 

Spirifeiina  biUlngai  Shnmard 

Spiriferina  binacnta  A .  WincbeU 

Spiriferina  clarkaviUenais  A.  WincbeU 

Spiriferina  criaUta  (Scblolbeim) 

Spiriferina  depreaaaHerrick 

Spiriferina  gonionota  Meek 

Spiriferina  norwoodana  (HaU) 

Spiriferina  octopUcata  (Sowerby) 

Spiriferina  pnlcIiraMeek 

Spiriferina  aolidirostris  White 

Spiriferina  apinoaa  (Norwood  and  Pratten)  , 

Spiriferina  anbelliptica  (McCbeaney) , 

Spiriferina  anbtexta  White 

Spiriferina  tranaveraa  (McCbeaney) ......... 

Bull.  87 5 


Kinder 
hook. 


EoearboniferOQs. 


f^   I  Kaakaa- 
uJ^J^n'st^LSila. 


Meao.   I    Keo. 
carbon- '  carbon- 
iferoaa.  iferoaa. 


Coal 
Meaa- 


Per- 


EC    '. 

K    I. 

I 


I 


I 


K 
K 


SL 


SL 


SL 


EC 


SL 


Sa 


K 
B 


Ka 


I     I. 


I 
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Tablb  YII. — Carboniferous  and  Permian  Braehiopoda — Continued. 


Species. 


Eocarboniferoua. 


I  fiieso- 
I  carbon- 
iferous. 


Kinder 
!  book.  I 


Keo- 
kuk, 
Bur- 
lington. 


Kaskas-       Coal 

kia.         Meas- 

St.  Lonia.i    uroe. 

i 


StreptorbynoboB  ( ?)  mnltistriata  Meek  and  Hayden. . 

Streptorbynchus  nlrichi  Hall  and  Clarke 

Strieklandinia  ( ?)  subquadrata  Herrick 

Stropbalosia  beeoberi  Bowloy 

Stropbaloaia  cymbula  Hall  and  Clarke 

Stropbalosia  ( ?)  guadalnpenais  (Sbunard) 

Stropbalosia  keoknk  Ceecber 

Stropbalosia  nummnlina  A.  Wincbell 

Stropbalosia  scintilla  Beecber 

Stropbalosia  spondyliformis  (Wbite  and  St.  Jobn) 

Stropbomena  ( ?)  nassula  Conrad.    Carboniferoas. 

Syringotbyris  angulata  Simpson 

Syringothyris  carteri  (Hall) 

Syringotbyris  eztenuata  (Hall) 

Syringotbyris  gigas  (Troost).    Lower  Carboniferous. 

Syringotbyris  berricki  Scbuchert 

Syringotbyris  missouri  Hall  and  Clarke 

Syringotbyris  (?)  plena  (Hall) 

Syringotbyris  randalli  Simpson 

Syringotbyris  texta  (Hall) 

Terebratula  bisacula  McCbesney 

Terebratnla  brevilobata  Swallow 

Terebratula  inornata  McCbesney 

Terebratula  lapillus  Morton 

Terebratula  mexioana  Hall 

Terebratula  perinflata  Sbumard 

Terebratula  subretziafonua  McCbesney 

Terebratula  swallovana  Miller 

Terebratula  utab  Hall  and  Wbltfleld 

Torynlfer  criticus  Hall  and  Clarko 


.!. 


Ka 


Number  of  Carboniferous  species,  478. 

Number  of  species  in  eaeb  diyision 

Number  of  species  common  to  tbo  Kinderbook  and  tbo 

otber  dirisions 

Number  of  species  common  to  tbe  Burlington-Keokuk 

and  tb e  otber  divisions 

Number  of  species  common  to  tbo  St.  Louis-Kaskaskia 

and  tbe  otber  divisions 

Number  of  species  common  to  tbe  Coal  Measures  and  tbe 

otber  divisions 

Number  of  species  common  to  tbe  Permian  and  tbe  otber 

divisions 

Nospeciee  pass  fh>in  tbe  Carboniferous  into  tbe  Mesozoic. 


156 


03 
9 


Ka 
SL 
SL 


X 
X 

xf 

X 


Ka 
Ka 


SL 


Neo- 
carbon- 
iferous. 


Per- 
mian. 


74 
0 
5 


158 
0 
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SpedM. 


ClsteUabeecheri  Clark 

Cistella  pUcatilis  Clark 

IMflcina  ( P)  pil«olQ« '^liitc«T6s 

Discina  ( f)  semipolita  Whitearee 

I>iaciiia(f)  vanooiiTerenaia  WhHeaves 

KJngena  leonensia  (Conrad) 

Kingena  wacoenain  (Boemer) 

Lingnla  breTlroatris  Meek  and  Hayden 

Lingnlanltida  Meek  and  Hajden 

Lingnla  ahomardl  Cragin 

Lingnla  eubepatolata  Hall  and  Meek 

Bhynchonella  feqaiplicata  Gabb 

KhyncboneUa  gnathophora  Meek 

Rhynchonella  halU  Gabb 

Bhynchonella  laconoea  (Schlotheim) 

Bhynchonella  laconoea  aroUca  Oppel 

Bhynchonella  lingnlata  Gabb 

Bhynchonella  maudensie  Whiteavea 

Bhynchonella  m3rTina  Hall  and  Whitfield 

Bhynchonella  plicatflia  (So werby) 

Bhynchonella  schncherti  Stanton 

Bhynchonella tayloriana Lea.    Habana,  Cuba.. 

Bhynchonella  whitneyi  Gabb 

Spiriferina  ( ?)  alia  Hall  and  Whitfield 

Spiriferina  borealis  Whlteavea 

Spiriferina  homAayi  (Gabb) 

Spiriferina  obtoaa  (Gabb) 

Terebratella  callfomica  Stanton 

Terebratella  ( ?)  dnbitanda  (Cooper) 

TerebrateUa(f)imbricata  (Cooper) 

Terebratella  obeea  Gabb 

Terebratella  plicata(  Say) 

Terebratella  Tanuxemi  Lyell  and  Forbes 

Terebratula  angosta  Hall  and  Whitfield 

Terebratola  dorenbergi  Felix.    Mexico 

Terebratula  harlani  Morton 

Terebratola  helena  Whitfield 

Terebratola  humboltensie  Gabb 

Terebratola  liardensis  Whiteaves 

Terebratola  poeyana  Lea.    Habana,  (Toba 

Terebratola  rcpellini  d'  Orbigny .    Mexico 

Terebratola  roboata  Whiteayee 

Terebratola  aemiainiplex  White 

Terebratula  cfr.  sietenl  Loriol.    Mexico 

Terebratolina  atlantica  (Morton) 

Terebratolina  filoaa  Conrad 

Terebratolina  floridana  (Morton) 

Ttaebratolina  gnadalop®  (Boemer) 

Waldheimia  ( ?)  catoroensia  AguUera.    Mezioo . 

If  mnber  of  Meeosoic  species,  49. 

Vomberof  species  in  each  system 


X  ? 


X  1 


13 


X  f 
X  f 


X  f 


X  f 
X 


X 
X  T 
X  T 
X 
X 
X 


X 

X  f 

X 

X 


22 
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Table  lX,'—Cenog4no  and  Becent  Braohibpoda, 


Species. 


DlACinisca  Ingabris  (Conrad) 

Difloiniflca  mnltilineata  (Conrad) 

Hemithyrifl  psittaoea  (Chemnits) 

Rhynohonella  wilmingtonenBia  (Lyell  and  Sowerby) . 

Terebratnla  canipea  Barenel 

Terebratula  cameoidea  Gappy.    Trinidad 

Terebratnla  demiasirostra  Conrad 

Terebratula  lecta  Guppy.    Trinidad 

Terebratnla  nitons  (Conrad) 

Terebratnla  trinitatensia  Gnppy .    Trinidad 

Terebratnlina  gracilia  (Scblotheim) 

Terebratnlina  lachryma  (Morton) 

Terebratnlina  tojonensis  Stanton 

Waldheimia  kennedyi  Dall 


Number  of  speciea  in  each  diyiaion 

Atretia  gnomon  Jelfrys 

CisteUa  ciatellula  (Wood) 

Dalllna  floridana  (Pourtalea) 

Disoiniaca  atlantica  (King) 

Diacinisca  cumingi  (Broderip) 

FrieleiabalUDall 

Glottidiaalbida(Hindn) 

Glottidia  antillarum  (Beeye) 

Glottidia  audebarti  (Broderip) , 

Glottidia  palmeri  Dall 

Hemithyris  oraneana  Dall 

Hemithyris  psittaoea  (Chemnite) 

Krauaaina  pisnm  (Lamarck) 

LacqueuB  oalifomiona  (Koch) 

Lacqneu8Jefih)y8iDaU 

Lacqneua  vancouTerenaia  Davidaon 

Liothyrinabartletti(DaU) 

Liothyrina  clarkeana  Dall 

Macandrevia  americanum  Dall 

Macandrevia  craniella  Dall 

Macandrevia  cranium  (Kiiller) 

Macandrevia  diamantina  Dall 

Magaaella  alentica  Dall 

Magaaella  labradorenais  (Sowerby) 

Magaaella  radUta  Dall 

PUtidia  anomioidea  (PhilUppi) 

Terebratalla  obaoleta  Dall 

Terebratolia  ocoidentalia  Dall 

Terebratalla  tranaversa  (Sowerby) 

Terebratella  frielii  Davidson 

Terebratella  pul vinata  ( Gould) 

Terebratella  spitz  bergenala  Davidaon  — 
Terebratnlina  oapnt-aerpentis  (Linn6)  — 
Terebratnlina  kiiensis  Dall  and  Pillsbry  . 

Terebratnlina  murray i  Davidson 

Terebratnlina  septentrionalis  Couthouy . . 

Number  of  species  in  each  ocean 


RKCBNT. 


Bocene. 


Neocene. 


North    I    North 
and  Cen- 1  and  Cen- 
tral tral 
American  American 
Atlantic.    Pacifio. 


DlgilizecTBy 


X  I. 

X  :. 

X  . 

X  . 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


X 
X 


X 
X 

X 
X 
X 
X 

X 


X 
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Tabls  X.-^South  Ameriean  foisil  Brachiopoda. 
[J= Jaraastc.    Speeies  preoeded  by  an  asterisk  (*)  are  found  in  North  America  also.] 


*  Cbonet«8  g^bra  Geinits • ' ' '     X 


*  Cbonetes  gjanolifera  Owen 

Cbonetes  berbert-smithi  Kathbnn 

Chonetes  onettiana  Kathbun 

Clioneiee  mckl  A.  Ulrich 

Chonetes  stUbeli  A.  Ulrich 

*  Chonetes  variolata  d'Orbigny 

*  Chonostrophla  comphinata  Hall  7 

*  Cleiothyris  roissyi  (L'EyiUe) 

Clltambonites  adscendens  ( Pander  f)  . . 

Cyrtina  ( 7)  cnroplra  Bathbon 

Dalmanella  ( 7)  nettoana  (Rathbail)' 

Derbya  correanns  (Derby) 

Dielasma  hochstetteri  (Tonbi) 

Dielasma  itaitnbensis  (Derby) 

Enieletes  aodii  (d'Orbigny) 

Enteletes  gaudryi  (d'Orbigny) 

Glossina  dnbia  (d'Orbigny) 

"  Oloesina  trontonensis  (Conrad  7> 

Uarttina  continhoana  ( Derby) 

'Hnstediamormoni  (IfarcoD) 

Lept«na  (7)  stelzneri  Kayser 

Lingnla  eoheni  A .  Ulrioh 

Lingnla  ererensis  Bathbun 

Lingnla  gracana  Kathbnn 

Lingnla  metensis  Terqnem 

Lingnla  mnnsteri  d'Orbigny 

Lingnla  plagenumni  Moricke 

Lin^rnla  rodrignesii  Bathbnn 

*  Lingnla  spatnlata  Vannxem 

Lingnla  stantoniana  Rathbun 

Lingnla  snbmarginata  d'Orbigny 

Lingnla  tnmeata  Sow  erby 

MeristellaTiskowyiA.T71rich 

Kotothyria(7)8mithiiDerby 

OrUenloldea  balni  Morris  and  Sharps . 

*  Orbienloidaft  lodSDtis  (Yaauxem) 


J. 


*l' 


Species. 

1 

1 

1 

1 

g 

I 

^ 

- 
1 

1 

H 

t 

X 

■ 

*  Amnhiffmia  eloneata  (Yannzem) 

' 

X 

1 

Anabianarala  Clarke 

^ 

1             1 

X 
X 
X 



.. .  1      1 

*  (Tamarot^^ohia  dotis  Hall  r .  ' 

1 

Centronella  ( 7)  arcil  A.  TTlrich 

1 

rBntronellaf7>ailvetii  A.  Ulrioh 

, 

1 

Chonetes  amazonica  Derby 

X 

i 

1 

X 
X 
X 
X 
X 

, 

Chonetes  cometockii  Kathbnn ^ 

1 ! 

1 

Chonnt^'tt  falklandioa  fMorris  and  8han>^>  1 

i 

Chonetes  Areitaasii  Rathbun 1 ' 

1         I 
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Table  X. — South  American /obHI  Braokiopoda — Continued. 


Species. 


Orthis  baohi  d'Orbiipiy 

OrthiB  calUgramma  (DavidBon)  Eayser 

Orthls  ooncinna  Morris  and  Sharpe 

Orthis  disparilis  Kayaer 

Orthis  hnmboldti  d'Orbi^piy 

Orthis  ( 7)  laUcoatatad'Orbigny 

Orthis  lenticnlaris  Wahlenberg  f 

Orthis  obtnsa  Pander 

Orthis  (f)peotinatad*Orbigny 

Orthis  saltensis  Kayser 

Orthis  ( f )  snlivanti  Morris  and  Sharpe 

Orthis  ( 7)  tennis  Morris  and  Sharpe 

Orthis  vespertllio  Sowerby 

Orthothetea  agassiil  (Rathbnn) 

Orthothetes  tap^Jotenais  (Derby) 

Orthotichia  morganiana  (Derby) 

*  Plectambonites  sericea  (Sowerby) 

Prodnctella  meonmensis  Rathbnn 

Productus  batesianns  Derby 

*  Prodactns  boliviensis  d*Orbigny 

Productus  capacii  d*Orbigny 

Prodnctus  chandlessii  Derby 

Prodnctns  darkianua  Derby 

*  Prodnctus  cora  d'Orbig^y 

*  Productus  costatus  (Sowerby)  de  Koninck. 
Prodnctus  humboldti  d'Orbigny 

*  Productus  longispinus  Sowerby  7 

Prodnctus  papilio  Gabb 

Prodnctns  pemvianns  d'Orbigny 

Productns  reticnlatus  Oabb 

Prodnctus  rhomianns  Derby 

*  Prodnctus  semireticulatus  (Martin) 

Prodnctns  villiersi  d'Orbigny 

Prodnctus  wallacianus  Derby 

*  Reticularia  perpleza  (McChesnoy ) 

Betsia  ( f )  jamesionft  Rathbnn 

Rhipidomella  hartti  (Rathbnn) 

Rhipidomella  inca  (d'Orbigny) 

Rhipidomella  penuiana  Derby 

Rhynchonella  aenigma  (d'Orbigny) 

Rhynchonella  andulu  Gottsche 

Rhynchonella  antisiensis  (d'Orbigny) 

Rhynchonella  antonii  Gabb 

Rhynchonella  belemnitica  Quenstedt 

Rhynchonella  caraoolensis  Gottsche 

Rhynchonella  ererensis  Rathbnn 

Rhynchonella  manflasensls  MSricke 

Rhynchonella  plpira  Derby 

*  Rhynchonella  pleurodou  ( Phillips) 

Rhynchonella  plicatisslma  Quenstedt , 

Rhynchonella  subtetneda  (Conrad) 


M 

I    '    ?        S        S 


It: 


I 


I 

e 
H 


xr 


.1   Xf 
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Table  X. — South  American  foasil  BroMiopodo— -Continaed. 


Species. 

s 

1 

1 
1 

s      1 

r     . 

1. 

s 

o 

1 

JRhy nchonella  tetrteda  ( Sowerby ) 

i 

J 

..  1 

J 

ScaphioccelU  bolivienaia  Whitfield 

X 

1 

Schizopboria  cors  ( d ' Or bigny ) 

X 

X 

I 

*  Seminala  argentea  (Shepaid) 

1 

S^^ninpiff  t.Ui«^ATii|ig  ((iftMO 

' 

Spirifer  antarcticii»  Morria  and  Shaipe 

X 



1 

Spirifer  buarquianus  Bathbnn 

X 

Spirifer  bolivienaia  d'Orbigny 

Spirifer  chnqaiacna  TTlrich  ..-r  --.-. .,.r....' 

i 

Spirifer  condor  d'Orbigny ! '.  .     . 

X 

1 

*  Spirifer  daodenarius  Hall i ' 1 

X 
X 
X 
X 
X 
X 

1 

Spirifer  eUx»  l^tbbun ' ! ' 

; 

Spirifer  hartti  Ratbbon I ! 

1 

Spirifer  hawkinai  Morria  and  Sharpe 

• 

Spirifer  ntfp<*ranienffia  Kathbon .r 

Spirifer  orbignii  Morria  and  Sharpe < 

1 

X 

X 

SpirifPT  pedroanua  Rathbnn r ' 

1 

Spirifer  pentlandi  d'Orbigny ' 

X 

Spirifer  qnichnua  d'Orbigny 

X 

1 

■Rpirifer  rockymontanua  Marcon ^..... 

X 

Spirifer  valentc^inaa  Ratbbun  ^ ...,., -,.,. 

1 

X 
X 

Spirifer  Togeli  von  Ammon 

, 

*Spiriferina  criatata  (Schlotbeim) ! 

X 

i 

Spiriferin*  r-fr  m^nRtprf  "navidaon -, 

J 
J 

Spiriferina  TtMtrata  Schlotbeim 1 

*  Spiriferina  apinoaa  (Norwood  and  Pratten) 1 

X 
X 
X 
X 

Spirlgerella  derby i  Waagen * 

Streptorhynchua  hallianna  Derby 

1          ' 

Strophaloeia  cornelliana  Derby 

*Stropheodonta  perplana  (Conrad) 

X 

i 

X 

""'  *i  

Terebratnla  bicanalicalata  Schlotheitn 

1 

J 

1     1 

X 

Terebratula  copiapensla  M5ricke 

J 

Terebratnla  derbyana  Kathbun 



X 

Terebratnla  domeykana  Bavle  and  Coquand 

J 
J 
J 
J 
J 
J 
J 

Terebratnla  emaiginata  Sowerby 

1 

Terebratnla  flcoidea  Bayle  and  Coqaand 

1 

( 

Terebratula  gottschii  Steinman 

:::::::::::: 

1 

1 

Terebratnl* ignaciann  d'Orbigny- - r  t-. .......... . 

Terebratnla  lacnnosa  Sohlotheim 

Terebratnla  meridionalia  Conrad 

:::::::;:::: 

X 

X 

Tf  rftbratnla  pf^rforatfi  Piett* 

J    ' 

Terebratnla  perovalia  Sowerby 

1 

J 

1 

Terebratnla  ndmondiana  Gabb 

Xf  ' 

Teiebratola  sabexoavata  Conrad ' 

i 

X      
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Table  X,  South  American  f&stil  Brachiopoda — Cop  tinned. 


Species. 

1 

1 

1 

1 

• 

|i 

Ha 

J 
J 

t 

1 

TerebrfttnlA  snbovoides  Soemer ................... 

TerebrfttnlA HnbnnniiiiimiLlis  Pavklfion  ..^-..t  ,,,-., -r 

Trieeria  i1)  murffarida  (Derbv) 

X 
X 
X 

Trieeria  (1)  wardiana  fRathbun) 

Tropidoleptns  carinatns  (Conrad) 

Vltnlina  nnHtnlona  Hall  ..,rr „ »,-, 

Number  of  South  American  speoiea,  150. 
Number  of  npecles  in  each  nyntem ...^-..^^.^,^,Tr- 

2 

12 

2 

« 

47 

26 

6 

2 

Nnmber  of  epeoies  common  to  Sonth  and  yorth 
America,  28. 
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CHAPTER    II. 

BRACHIOPOB  TERMIKOIiOGY  APPL.IED  TO  FOSSIIi  FORMS, 

Adductor  muscles, — In  the  Protremata  and  Telotremata  these  muscles 
have  their  ventral  insertion  one  on  either  side  of  the  central  axis, 
between  the  diductors.  In  passing  to  the  dorsal  valve  they  divide  into 
four,  and  produce  in  that  shell  the  two  pairs  of  principal  scars  known 
as  the  anterior  and  posterior  adductors.  By  contraction  these  muscles 
close  the  sheil.  In  the  Neotremata  they  are  the  essential  muscles,  so 
far  as  scars  in  the  fossil  shells  are  concerned,  the  anterior  adductors 
closing  the  valves,  while  the  posterior  pair  serves  to  open  the  valves. 
In  the  Atremata  there  is  a  simple  pair  of  adductors  placed  near  the 
anterior  extremity  of  the  visceral  area. 

Anterior  region. — ^That  portion  of  the  shell  in  front  of  the  transverse 
axis  and  opposite  the  pedicle  oi)ening. 

Apex, — The  place  of  initial  shell  growth.  It  may  be  the  most  i>os- 
terior  portion  of  the  valve  or  may  be  situated  near  the  transverse  axis. 

Braekidium  (Hall  and  Clarke). — The  calcareous  brachial  supports  of 
the  Spiriferacea  and  Terebratnlacea. 

Cardinal  area. — A  more  or  less  well-developed  triangular  area  on 
each  side  of  the  delthyrium,  distinctly  set  off*  from  the  general  surface 
of  the  shell.  It  is  best  developed  on  the  ventral  valve  of  articulate 
brachiopods,  but  is  also  present  c»n  the  dorsal  valve,  and  generally  in  a 
rudimentary  condition  in  many  inarticulate  species.    See  Deltidium, 

Cardinal  extremities, — The  terminations  of  the  hinge  line. 

Cardinal  process, — A  variously  modified  apophysis,  situated  pos- 
teriorly at  the  center  of  the  hinge  of  the  dorsal  valve  in  articulate 
brachioiK)ds.  To  it  are  attached  the  diductor  muscles,  which  by  their 
contraction  serve  to  open  the  valves  anteriorly. 

Cardinal  slopes. — The  inclined  surfaces  extending  from  the  umbonal 
slopes  to  the  hinge  margins. 

Chilidium  (Beecher). — A  plate,  in  appearance  similar  to  the  del- 
tidium, covering  the  exterior  portion  of  the  cardinal  process  in  many 
Protremata.  Its  development  does  not  begin  until  early  neanic  or  later 
growth,  and  is  probably  secreted  by  the  dorsal  mantle  lobe. 

Crura, — Processes  on  the  dorsal  hinge  plate  of  the  Telotremata  and 
some  Protremata,  to  which  are  attached  the  fleshy  brachia  and  bra- 
chidia.  These  usually  form  the  inner  walls  of  the  dental  sockets, 
and  may  be  supported  by  septal  plates. 

Cruralium  (Hall  and  Clarke). — The  dorsal  equivalent  of  the  ventral 
spondylium,  being  formed  by  the  convergence  or  union  of  the  crural 
plates  in  the  Pentameracea. 
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Delthyrium  (Hall  and  Clarke). — The  triangular  aperture  transectiDg 
medially  the  cardinal  area,  or  the  posterior  surface  from  the  apex  to  the 
posterior  margin  of  the  ventral  valve,  through  some  portion  of  which 
the  pedicle  passes.  It  has  also  been  termed  the  fissure  or  foramen. 
The  delthyrium  may  or  may  not  be  closed  by  a  deltidium  or  deltidial 
plates. 

Deltidium. — A  plate  of  one  piece  which  grows  over  the  delthyrium 
of  many  Protremata  and  some  Neotremata.  In  the  early  larval  stage 
of  Thecidium  this  plate  begins  as  a  secretion  from  the  dorsal  side  of 
the  body  segment,  and  becomes  anchylosed  to  the  ventral  valve' in  the 
phylembronic  stage,  subsequent  additions  being  secreted  by  the  body 
wall  and  pedicle.  The  convex  or  concave  central  portion  of  the  ventral 
cardinal  area  in  some  Atremata  is  not  homologous  with  the  deltidium. 
It  is  but  a  part  of  the  area,  and  does  not  have  its  origin  in  the  prodel- 
tidium,  as  in  Thecidium. 

Deltidial  plates. — Two  plates  growing  medially  from  the  walls  of  the 
delthyrium  after  neanic  growth.  These  usually  unite  medially,  and 
close  the  delthyrium  more  or  less  completely.  They  are  restricted  to 
the  Telotremata,  and  are  secreted  by  extensions  of  the  ventral  mantle 
lobe.  Hall  and  Clarke  introduced  the  terms  deliarium  and  deltaria  for 
the  same  plates,  and  for  the  coalesced  condition  of  the  deltaria,  Bronn^s 
pseudodeltidium. 

Dental  plates, — Vertical  plates  supporting  the  teeth  of  the  ventral 
valve. 

Dental  socJcets. — Excavations  in  the  dorsal  cardinal  margin  in  which 
the  teeth  of  the  ventral  valve  articulate.  The  inner  wall  of  the  socket 
is  elevated  and  forms  the  base  of  the  crural  plate. 

Diductor  muscles. — In  the  Protremata  and  Telotremata  the  principal 
pair  of  diductor  muscles  has  the  larger  end  attached  to  the  ventral 
valve  near  the  anterior  edge  of  the  visceral  area,  while  the  other  end 
has  its  insertion  on  the  anterior  portion  of  the  cardinal  process.  There 
is  another  pair  of  small  accessory  diductor  muscles,  but  these  are  sel- 
dom shown  in  fossil  shells.  By  contraction  these  muscles  open  the 
valves. 

Dorsal  valve. — Usually  the  smaller  and  imperforate  valve  and  the 
one  to  which  the  brachia  are  always  attached.  Brachial,  hwmaly  socJcetj 
and  entering  valves  are  other  terms  more  rarely  employed. 

Ephehic  (Hyatt,  emend.  Bather  and  Buckman). — Designating  the 
mature  shell. 

Foramen, — A  small  circular  passage  through  the  deltidium  or  del- 
tidial plates,  either  below  or  at  the  apex  of  the  ventral  valve.  Some- 
times the  foramen  encroaches  by  abrasion  upon  the  umbo  of  the  ventral 
valve. 

Genital  marMngs. — Eadial  markings  or  pits  within  the  posterior 
portion  of  the  visceral  space,  indicating  the  position  and  extent  of  the 
genitalia. 
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Oeroniic  (Ilyatt,  emend.  Bather  and  Bnckman). — Designating  old  age. 
It  is  indicated  in  the  ontogeny  of  many  species  of  brachiopods  by  ex- 
treme thickness  of  the  valves,  obesity,  or  by  numerous,  crowded  growth 
lines  near  the  anterior  margin,  a  condition  which  sometimes  produces 
trnncation  and  absence  of  striie  at  the  margin. 

Hinge  line, — The  line  along  which  articulation  takes  place. 

Jugum  (Hall  and  Clarke). — ^The  transverse  band  and  its  accessory 
processes  uniting  the  spiralia.  When  this  band  is  medially  incomplete 
the  parts  ^ve.teivmeAjugal  processes. 

Lateral  area^. — That  portion  of  the  shell  on  each  side  of  the  ventral 
axis. 

Listrium  (Hall  and  Clarke). — In  some  Neotremata  a  plate  closing  the 
progressive  track  of  the  pedicle  opening  or  pedicle  cleft,  posterior  to 
the  apex  of  the  ventral  valve. 

Longitudinal  axis. — A  median  line  through  the  shell  from  the  beak 
to  the  opposite  margin. 

Loop. — The  calcareons  brachial  supports  of  the  Terebratulacea.  It 
is  usually  composed  of  descending  and  ascending  lameihe,  united  by  a 
transverse  band. 

Median  septum, — ^An  internal  vertical  plate  commonly  developed 
along  the  vertical  axis  and  between  the  muscles  of  the  ventral  valve. 
Sometimes  there  is  also  a  dorsal  median  septum.  Lateral  septa  are 
rarely  developed. 

Neanic  (Hyatt,  emend.  Bather  and  Buckman). — Designating  youth- 
fulness,  or  the  stage  in  which  specific  characters  begin  to  develop, 

Nepfonic  (Hyatt). — Designating  the  smooth-shell  stage  succeeding  the 
protegnlum. 

Pallial  sinuses. — Two  convergent  or  divergent  primary  sinuses  of  the 
circulatory  system,  traversing  the  mantle  and  originating  in  the  poste- 
rior medial  region.  They  usually  have  numerous  secondary  branches, 
and  both  often  leave  impressions  in  the  shell. 

Pedicle. — The  flexible  muscular  organ  of  the  ventral  valve  by  means 
of  which  brachiopods  may  be  attached  to  extraneous  objects. 

Pedicle  muscles. — In  the  Protremata  and  Telotremata  one  pair  origi- 
nates on  the  ventral  valve  at  points  just  outside  and  behind  the  diduc- 
tors  and  another  on  the  dorsal  valve  behind  the  posterior  adductors, 
while  the  opposite  ends  of  both  are  attached  to  the  pedicle.  Besides 
these,  there  is  an  unpaired  muscle  lying  at  the  base  of  the  pedicle, 
attaching  it  closely  to  the  ventral  valve. 

Platform, — See  Spondylium. 

Posterior  region, — That  portion  of  the  sliell  back  of  the  transverse 
axis  and  toward  the  beak,  or  apex. 

Primary  lamellae, — The  primary  descending  bands  of  the  spiralia,  the 
posterior  ends  being  attached  to  the  crura. 

Prodeltidium  (Hall  and  Clarke  restricted). — The  third  shell  plate 
developed  in  the  earlier  embryonic  growth  of  species  of  Atremata, 
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Keotremata,  and  Protremata,  and  subsequently  becoming  more  or  less 
firmly  attached  to  either  the  dorsal  ( Atremata)  or  ventral  valve. 

Protegulum  (Beecher). — The  initial  shell  of  brachiopods.  It  is  smooth 
and  of  microscopic  size,  in  outline  being  semicircular  or  arcuate,  and 
without  cardinal  areas. 

Protractor  muscles. — In  the  Lingulacea  one  pair  has  the  ventral  ends 
fastened  at  the  anterior  extremity  of  the  visceral  area,  extending  back- 
ward and  inserted  near  the  lateral  margin  of  the  dorsal  valve,  outside 
the  rotators.  A  second  pair  originates  just  behind  the  adductors  of 
the  ventral  valve,  and  is  inserted  posterior  to  the  first  pair.  These 
muscles  draw  the  dorsal  valve  forward.  They  are  apparently  present 
in  the  Obolidae  and  Trimerellidse,  but  their  position  is  different. 

Fseudodeltidium. — Properly  this  term  applies  only  to  the  united  con- 
dition of  the  deltidid  plates  in  the  Protremata  and  Telotremata.  It 
is  provisionally  applied  to  the  concave  or  convex  medial  jwrtion  of  the 
cardinal  areas  in  Atremata  and  Protremata. 

Retractor  muscles. — lii  the  Atremata  these  extend  from  the  outer 
lateral  margins  of  the  visceral  area  in  the  ventral  valve  to  its  anterior 
extremity  in  the  dorsal  valve,  and  serve  to  readjust  the  dorsal  shell. 

Rotator  muscles. — In  Lingulacea  these  are  situated  posteriorly  just  in 
advance  of  the  umbonal  muscle,  two  on  one  side  and  one  on  the  other. 
By  their  contraction  the  dorsal  valve  turns  alternately  first  in  one 
direction  and  then  in  the  other. 

Septal  plates. — Plates  supporting  the  crural  processes,  also  known  as 
crural  plates. 

Spondylium. — A  plate  in  the  Pentameracea,  formed  by  the  union  of 
converging  dental  plates,  to  the  upper  surface  of  which  are  attached 
the  adductor,  diductor,  and  pedicle  muscles.  The  spondylium  may 
rest  upon  the*ventral  valve  or  may  be  supported  by  a  median  septum. 
This  plate  is  rarely  present  in  the  Telotremata,  but  more  commonly 
in  the  Atremata,  where  it  is  known  as  the  platform.  There  is  some- 
times developed  in  the  dorsal  valve  a  plate  similar  in  appearance  to 
the  spondylium,  but  difierent  in  origin,  and  known  a«  the  eruraUum. 

Spiralia  (Beecher). — The  calcareous  spiral  brachial  supports  in  the 
Spiriferacea.    A  connecting  jugum  may  be  present  or  absent. 

Syrinx. — A  tubular  structure  developed  in  the  delthyrium  of  some 
Spiriferacea,  opening  ventrally  and  partially  inclosing  the  pedicle. 

Teeth. — Two  processes  of  the  ventral  valve  of  articulate  brachioiKMls, 
serving  for  articulation. 

Transverse  axis. — A  line  through  the  shell  from  right  to  left,  midway 
between  the  beak  and  anterior  margin. 

Umbo. — The  elevated  or  prominent  portion  of  the  valve  anterior  to 
the  apex. 

Umbonal  muscle. — ^A  single  muscle  situated  in  the  umbonal  region  of 
most  Atremata.  By  its  contraction  the  valves  are  opened  anteriorly. 
In  Obolus  this  muscle  divides  toward  the  ventral  valve. 
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Umbonal  slopes. — ^Tlie  inclined  surfaces  about  the  umbo  and  opposite 
the  cardinal  slopes. 

Ventral  valve. — The  valve  situated  on  the  ventral  side  of  the  animal, 
and  having  in  youth  or  maturity  a  delthyrkim  or  pedicle  opening 
through  which  the  pedicle  is  protruded,  except  in  Iphidea,  Obolella, 
Lingula,  etc.,  where  the  pedicle  protrudes  between  the  valves.  When 
the  shell  is  cemented  to  foreign  bodies  it  is  always  by  the  ventral 
valve.  It  is  usually  the  larger  and  deeper  of  the  two  valves.  Pedicle^ 
larger  J  dental^  neural^  and  receiving  valves  are  synonymous  terms. 
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CHAPTER   III. 
BIOIiOGIC  DEVEI^OPMENT  OF  THE  BRACHIOPOBA, 

ORDINAL   DEVELOPMENT. 
ATBBMATA. 

This  order,  which  began  iu  the  Lower  Cambrian,  is  represented  by 
199  species,  or  over  10  per  cent  of  American  Paleozoic  brachiopods. 
Its  greatest  representation,  both  in  species  and  genera,  was  during  the 
Cambrian  and  Ordovician  eras.  A  very  marked  decline  set  in  daring 
the  Silurian  and  Devonian,  with  almost  extinction  in  the  Carbonifer- 
ous, where  only  Lingula  and  its  subgexius  Glossiua  occur. 

The  terminal  families  Trimerellidie  and  LingulidsD  contain  Qpecies 
which  attain  the  greatest  individual  growth.  Lingulidie  has  the  long- 
est phylogenetic  history.  It  is  the  last  important  and  most  specialized 
family  of  the  Atremata,  and  manifests  the  greatest  persistency  and 
specific  differentiation.  Lingula,  the  essential  genus  of  the  family,  lived 
at  least  from  the  Ordovician  system  through  all  succeeding  time,  and 
is  represented  in  modern  seas.  During  this  enormous  period  the  only 
change  observable  is  that  in  the  ancient  forms  the  viscera  occupied  a 
little  more  and  the  brachia  somewhat  less  space. 

In  the  more  primitive  types  of  Atremata,  Obolacea,  the  shell  is  usu- 
ally much  thicker  and  less  chitinous  than  in  the  higher  or  derived 
families,  Lingulacoa.  The  shell  is  thickest  in  the  Trimerellidse  and 
thinnest  in  the  Lingulidae.  From  their  mode  of  occurrence  in  rocks  it 
seems  probable  that  Paterinidie,  Obolidfe,  and  Trimerellid^e  (=Obola- 
cea)  never  lived  in  the  mud  or  sand  of  the  sea  bottom,  as  did  Liugulidae, 
Lingulasmatidae,  and  probably  Lingulellidse  ( = Lingulacea).^  The  obol- 
oids  in  all  probability  had  short  pedicles,  while  the  liuguloids  have 
very  long  pedicles.  The  long,  flexible,  tubular  pedicle  of  Lingula, 
associated  with  the  buried  habit  of  the  animal,  apparently  explains 


■Since  all  the  Hpeciea  of  Obolacea  arc  known  only  as  fossils,  it  may  seem  hazardous  to  ascribe  to 
them  a  mode  of  living  difTcrcnt  from  that  of  Lingula.  These  shells  had  short  peduncles,  are  round 
or  oval,  sometimes  very  gibbous,  always  comparatively  thick  shelled,  and  not  decidedly  phosphatlc. 
The  writer  has  never  obser\'ed  any  species  of  this  superfamily  in  situ  transverse  to  sedimentation,  or 
in  other  words  "on  edge."  In  the  Lingulacea  the  peduncle  is  very  long,  and  the  shells  are  elongate 
quadrangular,  triangular,  spatnlate,  or  acuminate,  and,  as  a  rule,  are  decidedly  thin  and  phosphatlc. 
Keoent  Lingulaa  all  live  partially  buried  in  the  aea  bottom,  and  not  infrequently  fossil  species  are 
found  iu  situ,  on  edge,  with  their  apices  downward.  Lingulops  and  Lingulasma  also  have  been 
observed  situated  on  edge.  The  round,  thick  shells  of  Obolacea  are  strongly  contrasted  with  the 
elongate  thin  shells  of  Lingulacea.  These  peculiarities  are  in  all  probability  due  to  mechanical 
causes.  The  Lingnloids,  with  their  long,  powerful,  and  flexible  peduncles,  are  buried*  in  the  sedi- 
ments, while  the  posteriorly  pointed  shell  is  an  adaptation  to  the  same  end,  caused  by  the  fk^uent 
peduncular  pulling  on  that  part  of  the  valves. 
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the  cause  for  the  thinness  of  the  shell  and  the  long,  narrow,  attenuated 
form  of  its  valves. 

The  ontogeny  of  Obolella  and  Lingula  shows  that  one  branch  devel- 
oped directly  from  the  Paterinidae  to  Obolidae  and  Trimerellidae,  while 
another  branch  began  in  the  Obolidas.  The  derived  branch  continued 
to  diverge  by  changing  the  thick  round  shells  of  the  radical  stock  into 
thin  spatulate  or  elongate  subquadrate  valves,  first  in  the  Lingulellidae 
and  culminating  in  the  Lingulidae.  The  latter  family  then  gave  rise  to 
LingulasmatidsB,  which,  in  accordance  with  the  law  of  morphologic 
equivalents,  developed  some  of  the  internal  diagnostic  characters  of  the 
terminal  family  of  the  first  phylum  in  the  platform  of  the  Trimerellidae. 

Hall  and  Clarke  refer  the  genera  of  Lingulasmatidje  to  Trimerellidae, 
and  thus  the  latter  family,  as  understood  by  them,  embraces  two  stocks 
having  widely  separated  origins.  This  is  i>eculiar,  since  they  clearly 
understand  the  independent  origin  of  tbese  stocks,  as  will  be  seen  by 
the  following  quotation,  but  more  particularly  by  their  diagram.^ 

There  is  no  single  featare  in  the  entire  gronp  of  the  edentalons  brachiopods  bo 
striking  as  the  great  platforms  in  Trimerella  and  its  allies,  and  it  is  rarely  that  so 
beautiful  and  well  established  au  illustration  of  the  attainment  of  such  a  remark- 
able resultant  along  two  distinct  lines  of  development  can  be  presented. 

Thewriter  holds  that  a  natural  family  can  have  but  one  stock,  a  stock 
can  have  but  one  origin. 

Nonfunctional  articular  processes  are  developed  in  this  order  in  a 
number  of  genera  and  at  various  times.  Such  are  slightly  developed 
in  Trimerella  and  Monoraorella,  and  more  strongly  in  Tomasina,  Bar- 
roisella,  and  Spondylobolus.  In  the  Keotremata,  articulation  is  also 
approached  in  Trematobolus,  and  in  Crania  a  false  hinge  is  sometimes 
developed  in  Ordovician  species.  A  cardinal  process  so  characteristic 
of  the  Protremata  and  Telotremata  is  faintly  developed  in  Neobolus, 
Lakmina,  and  Trimerella  of  the  A.tremata. 

NEOTEEMATA. 

The  order  Neotremata  begins  in  the  Lower  Cambrian^  and  is  repre- 
sented by  156  species,  or  over  8  per  cent  of  the  brachiopods  of  the 
American  Paleozoic.  It  has  considerably  fewer  species  than  the  Atre- 
mata,  and  exhibits  a  lack  of  specific  dififereutiation,  such  as  form  and 
surface  ornamentation.  This  probably  is  largely  due  to  the  fact  that 
the  pedicle  is  very  short,  or  even  obsolete,  in  this  order,  and  that  the 
X)edicle  foramen  is  subcentral,  producing  in  the  Trematidje  and  Cra- 
niidse  more  or  less  of  a  parasitife  growth,  while  in  the  families  Discinid^e 
and  Acrotretidfe  the  great  majority  of  species  are  circular  or  oval,  with 
more  or  less  cone-shaped  shells. 

As  in  the  Atremata,  great  tenacity  of  life  is  also  manifested  in  this 
order,  since  its  two  essential  families,  Discinid^e  and  Craniidaj,  have 
representatives   throughout  all   time  since  the  Ordovician  system. 

» Pateontology  of  New  York,  Vol.  VIII,  Part  I,  1892,  p.  165. 

Digitized  by  LjOOQIC 


80  SYNOPSIS   OF   AMERICAN   FOSSIL    BRACHIOPODA.         [bull. 87. 

Greatest  representation  in  both  genera  and  species  was  during  tbe 
Ordoviciau,  after  which  generic  differentiation  was  practically  restricted 
to  the  Discinidie  and  Oraniid^e.  Crania  persisted  throughout  the  post 
Ordovician,  and  for  longevity  equals  the  atrematous  genus  Lingala. 

The  percentage  of  widely  dispersed  species  is  about  the  same  as  in 
the  Atremata,  and  likewise  is  greatest  in  those  families  with  the  longest 
phylogenetic  history,  as  Acrotretidie,  Discinidse,  and  Graniidse. 

Development  was  along  two  lines.  In  one  a  broad  fissure  (the  most 
primitive  condition  of  the  pedicle  opening  in'  this  order)  is  retained  as 
a  mature  character  (Trematidie).  Later  geologically^  and  at  the  matu- 
rity of  the  individual  in  derived  forms,  the  fissure  is  gradually  closed 
I)osteriorly,  leaving  a  long,  narrow  slit,  at  one  end  of  which  the  pedicle 
emerges  (Discinidse).  The  other  line  ( Acrotretacea)  probably  developed 
and  inherited  holoperipheral  growth  in  the  ventral  valve,  very  rapidly 
producing  a  small  subcentral  circular  foramen,  since  this  feature  is 
already  well  developed  in  the  Lower  Gambrian  AcrotretidaB,  and  in 
advance  of  the  greatest  development  of  the  Discinidie.  It  is  probably 
this  second  branch  that  gave  origin  to  the  degraded  family  Craniidse. 
The  protegulum  in  the  dorsal  valve  of  Acrotretacea  is  probably  always 
marginal,  whereas  in  the  Discinacea  it  is  always  more  or  less  central. 

It  is  remarkable  that  Grania,  so  unlike  other  living  brachiopods 
and  occurring  abundantly  in  the  seas  of  to-day,  has  never  been  com- 
pletely studied  developmeutally  or  ontogeuetically.  The  taxonomic 
position  of  the  Graniidae  is  therefore  not  actually  determined,  and  Hall 
and  Glarke  incline  to  follow  Waagen  in  regarding  the  Graniacea  as 
equivalent  in  rank  to  the  Atremata  and  Neotremata.  These  authors 
write  :^ 

It  is  nevertheless  to  be  observed  that  no  trace  of  a  former  pedicle-slit  incision  or 
perforation  is  found  on  mature  or  immature  shells,  and  it  would  be  difficult  to  com- 
prehend in  what  manner  such  an  essential  modification  of  tbe  shell  could  be  wholly 
concealed  by  later  growth.  Were  the  pedicle  marginal  in  primitive  growth  btages, 
and  subsequently  atrophied,  the  obliteration  of  the  marginal  opening  by  later 
resorption  and  growth  would  be  a  readily  intelligible  process.  There  is,  hence,  in 
this  default  of  evidence,  a  good  reason  to  doubt  tho  close  affinities  of  Crania  and 
Pholidops  to  the  Diacaulia  [=  Neotremata].  Present  knowledge  wonld  seem  to 
indicate  that  they  were  primarily  of  the  type  of  the  Mesocaulia  [=  Atremata],  and 
that  their  resemblance  to  the  Diacaulia  is  wholly  of  secondary  growth.  Waagen*s 
term  for  this  group,  Gastropegmata  (or  Craniacea),  may  therefore  prove  to  be 
equivalent  to  each  of  these  other  two  divisions. 

Brachioi)od  embryology  demands  a  pedicle  in  the  early  stages  of 
Grania.  The  ventral  valve  carries  thek»  pedicle,  and  it  is  always  this 
valve  which  is  attached  by  cementation  or  otherwise.  The  writer  has 
observed  in  Yale  University  Museum  a  specimen  of  PJwlidops  ovata  with 
a  cicatrix  of  attachment,  around  which  point  growth  is  holoperipheral, 
as  in  all  Neotremata.  Specimens  of  Pholidops  are  sometimes  pre- 
served with  both  valves  in  position  and  delicately  attached  to  Bryozoa, 
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ii*oin  the  Falls  of  the  Ohio.  These  are  believed  to  be  actual  aud  not 
chance  attachments.  In  Crania  cementation  occurs  very  early  and  is 
complete,  causing  all  obliteration  of  the  protegulum  and  subsequent 
stages  of  growth  in  the  ventral  shell.  That  cementation  does  obliterate 
nearly  all  the  younger  characters  is  also  shown  in  the  remarkable  gen- 
era Bichthofenia  and  Ostrea.  On  the  interior  of  Pholidops  and  Crania 
the  four  large  muscular  scars,  which  are  more  those  of  the  Keotremata 
than  of  the  Atremata,  are  arranged  medially,  in  the  center  of  which, 
probably,  was  the  x)edicle  opening.  Some  proof  of  this  is  seen  in  the. ex- 
cavated, x>osteriorly  terminating  muscular  pit  of  Crania  ignaiergensis^ 
which,  if  carried  through  the  valve,  will  make  the  pedicle  opening 
snbcentral  and  surrounded  by  shell  deposit.  If  an  Acrotreta,  Linnars-' 
sonia,  or  Gonotreta  became  cemented,  there  would  result  practically  a 
Crania.  In  no  atrematous  brachiopod  is  there  the  slightest  indication 
of  cementation,  but  where  shell  fixation  does  occur  it  is  always  (ex- 
cepting in  Zugmeyeria  and  Thecocyrtella)  in  such  as  have  the  pedicle 
very  early  surrounded  by  shell  matter,  as  in  the  Strophomenidae  and 
Prodnctidae.  For  these  reasons  the  characters  of  Craniacea  seem 
more  in  accord  with  the  Neotremata  than  with  the  Atremata.  The 
characters  of  Craniacea  are  certainly  not  of  ordinal  importance,  and 
possibly  not  even  of  superfamily  value. 

In  the  development  of  its  pedicle  foramen  the  family  SiphonotretidaB 
is  unlike  any  other  of  this  order.  During  neanic  growth  the  pedicle 
opening  was  posterior  to  the  protegulum,  but  later  it  gradually  moves 
anteriorly  through  the  shell  by  resorption,  producing  a  narrow  slit 
similar  in  appearance  to  that  of  the  Discinid^.  A  pedicle  foramen  of 
the  same  nature  is  also  developed  in  Eichwaldia  and  Dictyonella  of 
the  Protremata.  As  yet  no  explanation  has  been  given  as  to  the 
causes  producing  this  aberrant  development.  The  writer  suggests 
that  since  these  animals  had  delicate  peduncles,  with  the  shell  elon- 
gate oval  and  sometimes  cone-shaped  in  form,  they  probably  stood 
nearly  upright  on  their  pedicles  in  early  growth.  Shell  accretion 
being  more  rapid  anteriorly,  with  the  ventral  side  of  the  animal  the 
larger  and  heavier,  a  tendency  was  initiated  for  the  shell  to  lean 
against  the  ventral  side  of  the  peduncle.  This  pressure  would  produce 
resorption  of  the  ventral  shell  anterior  to  the  pedicle,  and  eventually, 
this  tendency  becoming  hereditary,  the  ventral  valve  would  lie  nearly 
flat,  with  the  x)edicle  emerging  at'a  great  angle  subcentrally. 

PBOTBEMATA. 

This  order  is  represented  by  738  species,  or  nearly  40  per  cent  of 
American  Paleozoic  brachiopods,  and  is  eminently  charaeteristic  of  the 
post-Cambrian  Paleozoic  systems.  Like  the  Atremata  and  Neotre- 
mata,  it  is  represented  in  the  Lower  Cambrian.  It  was  not,  however, 
until  Ordovician  times  that  the  Protremata  attained  very  rapid  evolu- 
tion. In  the  Cambrian  there  are  but  4  genera  and  22  species,  while  in 
BuU.  87 6 
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the  Ordovician  there  are  20  genera  and  173  species,  a  specific  increase 
of  more  than  seven  and  one-half  times  the  number  in  the  Oambriaii. 
Greatest  generic  diflfereutiation  occurred  during  the  Silurian,  where  3i) 
genera  appear.  Then  began  a  steady  decline,  with  extinction  in  the 
Carboniferous  of  North  America.  In  the  Triassic  of  Europe  this  order 
is  sparingly  represented  by  small  species,  and  is  there  essentially 
restricted  to  the  family  Thecidiid^e,  which  continues  to  have  living 
representatives  in  the  Mediterranean  Sea, 

The  widely  distributed  spe<*Jes  gradually  increase  in  percentage  from 
14  in  the  Cambrian  to  3G  in  the  Carboniferous,  and  are  most  marked 
in  the  family  Prodiictidse.  This  family  is  one  of  the  last  of  the  order 
to  originate. 

The  largest  of  all  brachiopods  occur  in  this  order,  in  the  families 
PeutamerldaB  and  Productidje,  exceeding  the  Spiriferidae  of  the  Teio- 
tremata.  In  the  former  family  greatest  size  is  attained  in  the  Silurian 
during  the  acme  of  the  order,  and  in  the  Productidae  in  the  Carbonif- 
erous system.  Productus  giganteus  of  the  Lower  Carboniferous  is  the 
giant  of  all  brachiopods,  attaining  a  diameter  of  nearly  1  foot.  In 
both  these  families  the  earliest  s]>ecies  are  small,  but  certain  groups 
gradually  attain  larger  and  larger  size  with  geologic  time.  Upon  the 
appearance  of  the  giants,  vitality  of  the  families,  as  exemplified  iii 
specific  dififercntiation  and  robustness  of  individuals,  is  at  its  highest. 
After  this  these  families  rapidly  decline,  and  the  species  dwarf  far 
more  rapidly  than  they  developed  to  the  climax. 

In  the  Protremata,  as  in  the  two  previous  orders,  greatest  specific 
difterentiation  does  not  occur  in  the  radical  families,  but  in  those  of 
later  development.  The  Kutorginidse,  ClitambonitidsB,  and  Billingsell- 
idae  are  the  radical  and,  geologically,  the  oldest  families  of  the  Pro- 
tremata. These  are  best  but  sparingly  developed  in  the  Cambrian, 
whereas  the  younger  families,  Pentaraerida?,  Strophomenidse,  Produc- 
tidae,  and  Orthido?,  contain  over  95  per  cent  of  the  species  and  nearly 
90  per  cent  of  the  genera.  OrthidaB  and  Strophomenidae,  beginiiiug 
in  the  Cambrian,  are  best  developed  in  the  Ordovician  and  Silurian 
systems,  respectively;  while  Productidje,  originating  in  the  Silurian, 
attained  a  climax  in  the  Carboniferous.  The  latter  family  was  one  of 
the  last  of  the  Protremata  to  originate  and  has  the  shortest  geologic 
history  and  least  generic  differentiation,  yet  many  of  its  species  have 
greater  geographic  dispersion. 

The  Protremata  are  clearly  divisible  into  two  phyla,  Strophomenacea 
and  Pentameracea.  The  former  superfamily  has  the  greater  number  of 
species,  and  is  characterized  by  the  nondevelopment  of  a  spoudylium  or 
cruralium.  The  Pentameracea  has,  in  addition  to  the  deltidium,  an  inter- 
nal spoon-shaped  plate,  or  spondylium,  serving  for  the  attachment  of 
muscles,  and  a  discrete  or  united  cruralium.  The  superfamily  Stropho- 
menacea in  North  America  has  60S  species,  and  represents  the  most 
primitive  phylum,  since  it  is  far  better  developed  in  the  Cambrian  than 
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is  the  Pentameracea,  and  has  almost  without  exception  a  straight  cardi- 
nal area.  The  Pentameracea  has  127  species,  and  its  earliest  forms  also 
have  straight  hinge-lines  in  the  16  sx)ecies  of  the  families  Clitambon- 
itidad  and  Syntrophiidee;  but  the  rostnite  family  Pentameridae,  which 
attained  maximum  development  in  the  Silurian,  has  87  species.  The 
Strophomenacea  has  living  species,  while  the  Pentameracea  disappeared 
with  the  Permian.  The  cause  for  the  rapid  extinction  of  the  latter  is 
probably  due  to  the  high  degree  of  specialization  expressed  by  the 
sxM>ndyUum. 

Two  well-marked  types  of  shell  form  are  developed  in  this  order.  By 
far  the  most  prominent  is  the  group  which  includes  the  long-hinge  fami- 
lies Kutorginidse,  Glitambonitidse,  BiUingsellidse,  Strophomenidae,  Pro- 
dactidae,  Thecidiidae,  and  Orthidae.  The  other  group,  represented  by 
Pentameridae,  is  largely  rostrate  in  form,  but  occasionally  also  develops 
a  straight  hinge  line.  This,  however,  is  never  so  prominent  as  in  the 
former  group.  In  the  Telotremata  the  general  form  is  rostrate,  but 
very  notable  exceptions  are  present  in  the  families  Spiriferidae  and 
TerebratellidaB,  and  occasionally  in  the  Bhynchonellidse  and  Athyridae. 
The  form  of  the  shell,  however,  has  no  great  taxonomic  value,  and  can 
not  be  accorded  more  than  generic  rank.  The  predominating  type  of 
shell  form  within  an  order  probably  has  phyletic  value,  siuce  the  oldest 
protrematous  shells  are  long-hinged,  while  the  telotrematous  shells  are 
usually  rostrate.  Nevertheless,  as  indicated  above,  in  the  derived  forms 
of  both  orders  there  are  notable  exceptions,  and  these  changes  are 
probably  always  induded  by  shortening  or  lengthening  of  the  peduncles. 
Since  Orthorhynchula  has  a  well-developed  cardinal  area,  it  is  not  in 
itself  '^evidence  of  the  first  significance  as  Indicating  the  source  irom 
which  the  extensive  group  of  the  Bhynchonellas  originated."^  The 
oldest  rhynchonelloids  are  rostrate  shells  {Protorhynchal  minor  and 
P.  fambiguaot  the  Lower  Oambrian),  and  the  ontogeny  of  several  spe- 
cies of  Bhynchouella  and  of  Zygospira  has  not  revealed  a  long-hinged 
stage  with  cardinal  areas.  There  is,  therefore,  no  conclusive  proof  for  the 
deduction  of  Hall  and  Glarke,  '^  that  some  of  the  Bhynchonellidae,  early 
in  their  [geologic]  history,  occasionally  retain  a  well-defined  cardinal 
area,  and  that,  in  default  of  other  evidence,  the  presence  of  this  char- 
acter may  be  regarded  as  indicative  of  the  common  origin  of  Orthis, 
the  Strophomenidae,  and  the  Bhynchonellas."^ 

In  this  order  fskv  more  than  in  any  other  is  found  the  closure  of  the 
pedicle  passage  and  atrophy  of  the  pedicle,  together  with  peculiar 
special  adaptations  which  entirely  or  partially  replace  the  functions 
of  the  pedicle.  In  the  family  ProductidaB  the  ventral  shell  develops 
more  or  less  abundant  tubular  spines,  either  along  the  cardinal  line  or 
over  the  entire  valve.    These  are  always  most  abundant  in,  or  are 
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restricted  to,  the  posterior  region.  The  functions  of  the  spines  are  to 
hold  the  animal  to  its  place  of  habitation,  for  there  is  no  apparent 
pedicle  opening  in  these  shells  when  mature.  In  others  of  the  same 
family  the  ventral  apex  is  cemented  to  extraneous  object-s  (Stropha- 
losia),  and  in  still  others  the  spines  clasp  the  object  of  support  when 
small  (8trophalosia goldfussi  and  Etheridgina).  In  the  Strophomenidae 
the  older  species  all  seem  to  have  functional  pedicles  throughont  life, 
but  in  the  Devonian,  forms  occur  in  which  the  apex  is  cemented  to 
foreign  objects  (Leptaenisca).  Some  of  the  Middle  and  Upper  Devo 
nian  Stropheodontas  show  no  trace  of  a  pedicle  opening  when  adult. 
In  the  Carboniferous  cementation  is  far  more  common,  and  occurs  in 
Derbya  and  Streptorhynchus;  and  when  taken  in  connection  with 
Strophalosia,  Ohonostrophia,  Aulosteges,  and  Richthofenia,  it  is  seen 
that  nearly  all  the  contemporaneous  species  of  this  order  have  devel- 
oped other  methods  for  fixation  than  the  normal  one.  In  Bichthofenia 
calcareous  cementation  is  complete,  and  the  modifications  resulting 
therefrom  have  so  changed  the  shell  that  the  lower  or  fixed  valve  is 
very  suggestive  of  a  (^yathophylloid  coral,  not  only  in  form  but  even 
in  shell  structure. 

The  chief  cause  for  atrophy  of  the  pedicle  lies  not  only  in  the  fact 
that  this  organ,  in  all  long-hinged  brachiopods,  is  short,  but  more  par- 
ticularly in  the  fact  that  throughout  this  order,  and  in  the  Acrotretacea 
of  the  Neotremata,  the  young  shells  always  have  the  pedicle  completely 
surrounded  by  shell,  and  thus  to  a  great  extent  limit  its  growth.  Even 
among  the  Orthidae,  where  the  species  geologieally  older  often  have 
thick  pedicles,  which  is  indicated  by  the  large  open  delthyrium,  they 
gradually  diminish  in  size  throughout  the  Paleozoic.  In  the  Stropho- 
menidae  the  pedicle  is  never  a  thick  organ,  and  shortly  after  this 
family  gives  rise  to  the  Productidae,  in  Ghonetes,  the  first  ap{)earance 
of  cementation  takes  place.  This  mode  of  attachment  constantly 
increases  in  the  different  phyla  to  the  end  of  the  family  histories.  In 
the  ProductidsB  the  early  inheritance  of  a  weak  pedicle  soon  leads  to 
its  complete  loss  by  the  additional  fixation  developed.  This  additional 
fixation  has  its  first  appearance  in  the  cardinal  spines  of  Ghonetes, 
which  are  periodically  developed  by  mantle  extensions.  The  degen- 
eracy of  the  pedicle,  once  well  established,  is  inherited  at  earlier  and 
earlier  periods  by  acceleration.  The  spines  become  more  numerous, 
and  are  finally  developed  over  the  entire  ventral  valve.  In  the  dorsal 
valve,  the  spines  are  never  so  long  as  in  the  ventral  valve,  and  often 
are  not  developed  at  all,  but  are  replaced  by  numerous  concentric  over- 
lapping lamellse.  As  the  spines  begin  to  develop  more  numerously  and 
longer,  the  ventral  valve  attains  more  convexity,  with  a  strongly 
incurved  beak  and  the  complete  loss  of  a  pedicle  opening.  Productus, 
therefore,  does  not  stand  erect  on  the  cardinal  areas,  as  in  Ghonetes, 
but  lies  on  the  ventral  shell,  anchored  by  the  numerous  spines.  The 
spines  are  of  the  same  nature  as  the  shells,  and  never  flexible.    When 
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they  came  in  contact  with  hard  objects  during  their  growth,  they 
followed  along  or  clasped  the  object  of  support. 

The  slender  shell-incased  pedicle  of  the  Strophomenacea  probably 
leads  to  the  growth  of  long,  straight  binges  for  additional  support, 
farther  weakening  the  pedicle  and  necessitating  accessory  fixation  in 
four  of  its  families,  and  finally  occasioning  in  many  species  complete 
loss  of  this  organ  at  the  maturity  of  the  individual.  With  the  excep- 
tion of  the  Thecidiidae,  the  order  Protremata  has  become  nearly  extinct 
since  the  Jurassic  era. 

TELOTREMATA. 

This  order,  though  but  2  Cambrian  and  20  Ordovician  forms  are 
known,  is  represented  by  766  species,  or  about  41  per  cent  of  all 
American  Paleozoic  brachiopods.  It  is  as  well  developed  specifically 
as  the  Protremata,  and  exhibits  a  far  greater  variety  of  structures. 
Telotremata  was  probably  the  last  order  to  originate,  and  has  the 
greatest  number  and  variety  of  living  species.  Its  highest  develop- 
ment is  in  the  Devonian,  where  369  species  in  50  genera  occur,  while 
109  species  are  known  from  the  Silurian,  a  growth  more  than  five  times 
greater  than  that  of  the  Ordovician  system.  Here,  too,  as  in  the 
Protremata,  considerable  time  was  consumed  in  establishing  a  few 
primitive  characters,  and  these  are  no  sooner  obtained  than  an  almost 
sadden  development  of  great  specific  and  generic  differentiation  takes 
place. 

It  is  highly  probable  that  no  telotrematous  Paleozoic  genus  continued 
to  live  through  half  the  geologic  time  that  Lingula  and  Crania  did. 
Bbynchonella,  a  primitive  genus  of  this  order,  is  often  said  to  have 
continued  since  the  Ordovician,  and  Terebratnla  since  the  Devonian, 
era.  This  is  now  very  doubtful,  since  Hall  and  Clarke  have  demon- 
strated that  in  all  of  the  Paleozoic  forms  of  these  genera  where  it  has 
been  possible  to  examine  their  interiors  none  belong  to  Rhynchonella 
or  Terebratnla.  In  this  catalogue  both  genera  are  recognized  as  occur- 
ring in  the  Paleozoic,  but  this  is  due  to  the  fact  that  the  internal 
structure  of  those  species  is  not  known. 

Telotremata  has  three  distinct  types  of  brachial  supports,  which 
readily  serve  to  differentiate  3  superfamilies.  The  simplest,  Rhyncho- 
nellacea,  has  but  crura,  and  is  represented  in  the  American  Paleozoic 
by  14  genera  and  202  species,  of  which  66  are  widely  distributed.  The 
saperfamily  Terebratulacea,  having  more  or  less  simple  V  or  W  shaped 
brachial  supports,  is  present  with  19  genera  and  78  si)ecies,  of  which 
23  are  widely  distributed.  In  the  structurally  more  complex  super- 
family  Spiriferacea,  having  spiral  brachial  supports,  there  are  41  genera 
and  466  si>ecies,  and  of  these  161  become  widely  distributed.  This  again 
confirms  the  previously  noted  fact  that  the  groups  latest  developed 
have  the  greatest  generic  and  specific  differentiation.  In  Spiriferacea 
this  likewise  occurred  in  the  family  Athyridse. 
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If  the  percentage  of  widely  distribated  species  withiu  a  superfamily 
is  a  criterion  of  its  vitality,  it  will  be  seen  that  the  Rynchonellacea 
begin  in  the  Ordovician  with  50  per  cent  and  decline  to  23  per  cent  in 
the  Carboniferous.  The  Spiriferacea,  also  beginning  in  the  Ordovician, 
have  50  per  cent  of  their  species  widely  distribnted,  becoming  reduced 
to  20  per  cent  in  the  Carboniferous.  On  the  other  hand,  the  Tere- 
bratulacea  were  not  widely  dispersed  in  the  Silurian,  whereas  in  the 
Devonian  their  distribution  reached  nearly  30,  increasing  to  34  percent 
in  the  Carboniferous.  Since  no  statistics  of  the  European  Mesozoic 
and  Cenozoic  species  of  this  nature  are  available,  the  writer  can  not 
determine  whether  or  not  the  Ehynchonellacea  continue  to  decline  with 
such  rapidity.  It  is  known,  however,  that  this  superfamily  has  declined 
considerably  in  the  Cenozoic  and  late  Mesozoic.  After  the  Triassic  the 
Spiriferacca  are  essentially  represented  by  Spiriferina,  yet  it  too  died 
out  with  the  Jurassic,  while  the  Terebratulacea,  which  manifested  pro- 
gressively greater  vitality  during  the  Paleozoic,  are  believed  to  have 
continued  so  nearly  throughout  the  Mesozoic  into  late  Cretaoeoas  time. 
Since  then,  however,  they  have  also  declined. 

In  the  ontogeny  of  Dielasma  and  Zygospira — ^loop-bearing  and  spire- 
bearing  genera  respectively — Dr.  Beecher  and  the  writer  have  shown 
that  the  Terebratulacea  may  not  have  been  the  last  superfamily  to 
develop,  as  was  formerly  supposed,  and  that  it  may  have  given  rise, 
during  early  Ordovician  times,  to  the  spire-bearing  superfamily  Spirifer- 
acca. The  Terebratulacea  probably  originated  in  the  Shynchonellacea, 
though  no  loop-bearing  species  are  known  until  the  spire-bearing  forms 
are  well  advanced,  or  until  early  in  the  Devonian  system.  While  some 
of  the  largest  species  of  Terebratulacea  are  found  in  the  Devonian  of 
America  and  Europe,  yet  throughout  the  Paleozoic  this  superfamily  is 
not  a  conspicuous  one.  In  the  Jurassic  and  Cretaceous  systems  of 
Europe,  however,  great  specific  differentiation  and  abundant  indi- 
vidual development  took  place.  There  is  but  1  species  of  this  super- 
family  in  the  American  Silurian,  while  the  Devonian  has  50  species  in 
15  genera,  an  increase  fifty  times  greater  than  that  of  the  Silurian.  In 
the  Carboniferous  a  sharp  decline  set  in,  and  the  superfamily  is  reduced 
to  30  species  and  8  genera. 

These  facts  suggest  that  either  the  superfamily  Terebratulacea  did 
not  originate  in  American  seas  or — which  seems  less  probable — that 
diminutive  species  occur  whose  interior  characters  hav6  escaped  detec- 
tion. Further,  since  the  earliest  American  primitive  genera,  Rens- 
selaeria  and  Trigeria  of  the  Lower  Devonian,  have  very  large  species, 
neither  these  nor  Centronella  can  be  the  earliest  adult  representatives 
of  this  superfamily.  When  quite  young,  Zygospira,  also,  has  a  "ceu- 
tronella-like  loop,"  and  it  is  possible  that  the  primitive  Terebratulacea 
had  their  origin  before  the  earliest  appearance  of  Zygospira,  or  during 
the  earliest  part  of  the  middle  Ordovician  era. 

The  great  majority  of  telotrematous  genera  are  rostrate  in  form,  but 
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at  differeut.  times  aod  in  separate  phyla  straight  cardinal  areas  are 
more  or  less  well  developed.  In  America,  the  oldest  members  of  this 
order  (Protorhynchat  minor  and  F.f  amhigua,  members  of  the  family 
Rhyuchonellidae)  occur  in  the  Lower  Cambrian.  In  these  species,  and 
in  the  great  majority  of  this  family,  there  is  no  cardinal  area;  but 
occasionally  this  character  is  present,  the  earliest  conspicaous  example 
being  the  Ordoviciau  genus  Orthorhynchula.  Among  the  Paleozoic 
Terebratulacea  cardinal  areas  are  seldom  developed.  A  conspicuous 
exception,  however,  occurs  in  Tropidoleptus.  But  in  the  Mesozoic 
and  Ceneozoic,  in  the  family  Terebratellidse,  cardinal  areas  are  very 
often  present,  and  in  living  forms  are  accompanied  by  a  short  pedicle. 
It  is,  moreover,  in  the  Spiriferacea,  the  youngest  superfamily  of  the 
Telotremata  to  originate,  that  the  greatest  development  of  cardinal 
areas  takes  place.  The  oldest  genera  of  the  Spiriferacea  are  all  ros- 
trate, as  in  the  Ordovician  Zygospira,  Catazyga,  and  Cyclospira.  In 
the  Silurian  the  Spiriferid«».  tend  to  develop  rapidly  long,  straight,  and 
wide  cardinal  areas,  attaining  greatest  development  in  the  Devonian 
and  early  Carboniferous.  This  excessive  development  of  cardinal 
areas  is  no  doubt  due  to  the  shortening  and  decline  of  the  pedicle, 
since  in  the  Triassic  system  forms  occur  in  which  cementation  is  com- 
plete (Zugmeyeria  and  Thecocyrtella).  Cardinal  areas  are  also  devel- 
oi>ed  in  other  families  of  the  Spiriferacea,  but  in  no  case  can  such  be 
traced  to  Ordovician  long-hinged  ancestors. 

In  this  order,  more  than  in  the  Protremata,  internal  specialization  of 
the  brachia  has  progressed  from  a  simple  to  a  highly  complex  condi- 
tion. In  the  Protremata,  in  its  latest  developed  superfamily,  Penta- 
ineracea,  crura  are  also  present,  of  the  same  phase  of  development 
attained  by  the  Rhynchonellacea,  the  most  primitive  8ui)erfamily  of 
the  Telotremata.  In  this  order,  however,  there  are,  with  but  few 
exceptions,  no  internal  special  structures,  as  spondylia.  The  special- 
ization in  the  Telotremata  is  expressed  in  the  progressive  complica- 
tion of  the  calcareous  brachial  supports.  In  the  most  primitive  spe- 
cies of  the  Rhynchonellacea  no  crura  are  present  (Protorhyncha),  but 
in  all  later  forms  these  appendages  are  well  developed,  and  finally  in 
the  Trias  and  Jura  attain  very  great  length  in  Rhynchonellina.  In 
the  next  more  complicated  superfamily,  Terebratulacea,  the  crura  in  the 
primitive  members  have  united  anteriorly,  thus  forming  the  simple 
unchanging  loop  of  Centronella  and  Kensselaeria,  which  is  also  known 
to  occur  in  the  very  young  of  some  species  of  the  highest  superfamily, 
the  Spiriferacea.  The  geological  history  of  the  loop  has  shown  that 
the  brachia  have  been  constantly  changing,  causing  more  or  less  com- 
plete resorption  of  the  hard  parts  and  ailaptation  to  later  requirements. 
The  progressive  development  of  the  loop  is  also  repeated  ontogenetic- 
ally  and  more  or  less  fully  in  living  terebratuloids. 

In  Zygospira,  the  oldest  known  genus  of  the  suborder  Spiriferacea, 
the  primitive  loop  of  Centronella  is  reproduced  in  the  earliest  phase  in 
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the  development  of  its  brachidium.  This  is  partially  resorbed  and 
changed  in  form,  and  to  it  is  then  added  laterally  the  two  spirals  and 
medially  the  simple  or,  in  the  higher  forms,  the  complex  processes,  or 
jugum.  The  volutions  of  the  spirals  in  the  oldest  genera  geologically 
are  very  few,  but  subsequently  they  become  more  numerous,  and  attain 
their  maximum  in  the  long-hinged  Devonian  and  Carboniferous  spirifers, 
where  35  volutions  have  been  observed,  with  24  in  Atrypa. 

The  form  of  the  paired  spirals  varies  but  little  except  under  the  neoessity  of  con- 
forming to  the  interior  cavity  of  the  valves.  Their  inclination  and  direction  is  a 
feature  of  much  significance  when  considered  with  reference  to  the  development  of 
the  entire  shell.  It  is  the  loop,  or  to  employ  a  term  more  appropriate  in  view  of  the 
homologies  of  the  spire-bearing  and  loop-bearing  shells,  the  Jugumj  however,  which 
is  subject  to  the  most  frequent  variations  in  form,  and  which  serves  as  the  generic 
index.  When  the  spirals  are  directed  outward  toward  the  lateral  margins  of  the 
valves,  the  jugum  seems  to  be  much  more  variable  than  in  shells  where  the  spirals 
are  introverted  or  take  some  intermediate  position.  In  the  latter  there  is  a  much 
greater  variation  in  the  position  of  the  loop  upon  the  primary  lamellsB  than  ocoars 
in  the  former. ' 

GENERAL  DEVELOPMENT. 

In  the  preceding  pages  it  is  shown  that  the  four  types  of  pedicle 
openings  which  serve  as  the  prime  characters  in  distinguishing  the 
four  orders,  Atremata,  Keotremata,  Protremata,  and  Telotremata,  are 
present  in  the  oldest  division  of  the  Cambrian,  the  Oleuellus  zone. 
From  the  pre-Cambrian  sedimentary  rocks,  or  Algoukian  system,  i>rac- 
tically  no  fossils  are  known,  though  there  is  evidence  in  them  that 
life  existed.  The  fact  that  the  Olenellus  zone  has  a  varied  marine 
fauna  alone  indicates  that  the  sea  during  Algonkian  times  must  have 
swarmed  with  living  things.  When  the  enormous  time  represented  by 
the  great  thickness  of  Xorth  American  pre-Cambrian  sediments  is 
considered,  or  that  of  Bohemia,  it  is  evident  that  ample  time  elapsed 
lor  life  to  attain  the  degree  of  complexity  manifested  in  the  basal  Cam- 
brian zone.  Kayser  says  that  this  pre-Cambrian  time  was  ^<  probably 
so  long  that  the  beginning  of  the  Cambrian  period  may  be  considered 
as  comparatively  a  recent  event." ^  Van  Hise,  in  writing  on  the  same 
subject,  says:^ 

If  geological  history  were  to  be  divided  into  three  approximately  equal  divisiouH, 
these  divisions  would  not  improbably  be  the  time  of  the  Archean,  the  time  of  the 
clastic  series  between  the  Archean  and  the  Cambrian,  and  the  time  of  Cambrian  and 
X)08t-Cambrian.  In  this  connection  it  is  well  to  recall  that  many  years  ago  Loguu 
suggested  that  the  thickness  of  the  Laurent ian  and  Huronian  may  surpass  that  of 
all  succeeding  formations,  and  that  the  appearance  of  the  so-called  Primordial 
fauna  may  be  considered  as  a  comparatively  modern  event. 

In  the  Lower  Cambrian  there  are  not  many  species  of  briichiopods, 
nor  is  the  specific  differentiation  iu  any  order  very  varied,  indicating 

•Hall  and  Clarke,  Palaeontology  of  Hew  York,  Vol.  Vni,  Part  II,  1896,  p.  843. 

» Text-Book  of  Comparative  Geology,  1893,  p.  13. 

s  Sixteenth  Ann.  Kept.  U.  S.  Gool.  Survey,  Part  1, 18UG,  p.  760. 


Digitized  by  LjOOQIC 


flCBucHMT.]  GENEBAL   BEVELOPHENT.  89 

either  that  evolation  in  pre-Gambrian  eras  was  much  slower  than  sub- 
sequently or  that  the  class  had  its  origin  late  in  the  Algonkian.  Cam- 
brian brachiopods  usually  differ  fundamentally  from  one  another,  and 
do  not  appear  to  have  been  persistent,  as  but  4  of  the  22  genera  pass 
into  the  Ordoyician.  Differentiation  also  appears  to  have  been  slow 
during  the  Lpwer  and  Middle  Cambrian,  but  toward  the  close  of  this 
system  species  begin  to  be  more  numerous  and  varied.  In  Middle  Ordo- 
vician  times  all  the  orders  and  snperfamilies  are  well  established 
except  Terebratulacea.  The  zenith  of  the  class  was  attained  in  the 
Silurian  and  Devonian  eras,  but  decline  began  during  late  Devonian, 
and  steadily  continued  to  the  close  of  the  Paleozoic.  But  7  of  the  Car- 
boniferous genera  are  known  to  have  survived  the  break  between  the 
Paleozoic  and  Mesozoic.  During  the  latter  time  the  spire-bearing 
brachiopods  pass  out  of  existence,  while  the  great  Paleozoic  super- 
family  Strophomenacea  is  represented  by  a  few  small  species  of  the 
Thecidiidie,  which  continue  to  be  represented  up  to  the  present  time. 
After  the  Cretaceous  system  the  orders  Atremata,  Neotremata,  and 
Protremata  are  represented  only  by  Lingula,  Discina,  Discinisca, 
Crania,  and  Thecidium.  The  Terebratulidae  may  have  had  their  incep- 
tion below  the  middle  of  the  Ordovician,  but  are  not  a  pronounced 
Paleozoic  group.  However,  in  the  Jurassic  and  Cretaceous  systems 
the  rocks  abound  with  the  shells  of  this  family,  and  from  that  time  on 
they  are  the  chief  representatives  of  the  class.  Lingula  and  Crania 
are  present  in  the  Ordovician,  and,  as  &r  as  can  be  determined,  have 
I>ersi8ted  to  the  present  time. 

Of  the  49  families  and  subfamilies  constituting  the  class,  43  became 
differentiated  in  the  Paleozoic,  and  of  these  30  disappeared  with  it, 
while  but  13  continued  from  the  Paleozoic  into  the  Mesozoic.    Of  Paleo- 
zoic families,  6  are  represented  by  living  species,  viz,  Lingulidae,  Dis 
cinidie,  Craniidae,  Thecidiidae,  Ehynchonellidae,  and  TerebratulidsB. 

Of  the  327  genera  now  in  use,  227  had  their  origin  in  Paleozoic  seas, 
or  nearly  70  per  cent  of  the  entire  class,  and  of  this  great  number  but 
8  are  i>ositively  known  to  pass  into  the  Mesozoic,  viz,  Lingula,  Orbicu- 
loidea,  Crania,  Bhynchonella,  Spiriferina,  Athyris,  Terebratula,  and 
Hemiptychina.  Besides  these,  Streptorhynchus,  Cyrtina,  Betzia,  Mar- 
tinia,  and  Martiniopsis,  are  mentioned  as  occurring  in  the  Triassic,  but 
these  species  probably  in  great  part  belong  to  other  genera. 

The  Atremata,  which  oontains  the  oldest  and  the  simplest  forms 
structurally,  is  represented  by  29  genera,  while  the  Keotremata  and 
Protremata  have  30  and  89,  respectively.  Telotremata  is  the  last 
order  to  appear,  and  has  by  far  the  greatest  number  of  genera,  179. 

The  chronogenetic  history  of  brachiopods  shows  that  the  four  orders 
begin  with  smooth  shells,  and  that  subsequently  various  kinds  of  sur- 
face ornamentation  are  developed  or  disappear  with  varying  degrees  of 
rapidity.  The  ontogeny  of  strongly  plicated  and  lamellose  shells,  wher- 
ever observed,  begins  with  smooth  shells.    All  new  surface  characters 
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are  first  introdaced  daring  adolescent  growth  or  senility,  and  these 
by  the  law  of  acceleration  api>ear  earlier  and  earlier  in  later  spe- 
cies. In  the  Lower  Cambrian  there  are  species  of  Billingsella  with  a 
few  broad  undulations  in  the  shell,  but  in  the  Middle  Cambrian  the 
plications  are  prpnounced  and  cover  half  or  more  than  half  the  anterior 
portion  of  the  valves,  while  in  the  Upi)er  Cambrian  thes^  folds  ai>[)ear 
upon  the  umbones.  In  the  oldest  rostrate  pentameroids  the  shells  are 
either  smooth  or  have  a  few  folds  (Caniarella),  which  become  more  dis- 
tinct in  Parastrophia,  and  culminate  in  numerous  sharp  plications  in 
Anastrophia.  The  rhynchonelloids,  beginning  in  Protorthis  of  the 
Lower  Cambrian  as  smooth  shells,  gradually  become  more  and  more 
plicated  in  the  Silurian  and  Devonian,  yet  in  the  Triassic  many  species 
again  appear  nearly  smooth. 

STRUCTURAL   CHARACTERS. 
THE  PROTBGULUM, 

The  order  Atremata  is  the  radical  brachiopodous  stock,  which  early 
in  its  history  gave  origin  more  or  less  directly  to  the  other  three  orders 
of  brachiopods.    Beecher  has  observed :  * 

That  all  brachiopods,  so  far  as  studied  by  the  writer,  have  a  common  form  of 
embryonic  shell,  which  may  be  termed  the  protegnlum.  The  protegulnm  is  semi- 
circnlar  or  semielliptical  in  outline,  with  a  straight  or  arcuate  hinge  line,  and 
no  hinge  area.  A  slight  posterior  gaping  is  produced  by  the  ventral  valve  being 
usually  more  convex  than  the  brachial.  The  modifications  noted  are  apparently  doe 
to  accelerated  growth,  by  which  characters  primarily  nealogio  [=neanic]  become  so 
advanced  in  the  development  of  the  individual  as  to  be  impressed  finally  upon  the 
embryonic  shell.  This  feature  is  well  shown  in  the  development  of  Orbiculoidea 
and  Discinisca. 

As  the  protegnlum  has  been  observed  in  about  40  genera,  representing  nearly  all 
the  leading  families  of  the  class,  its  general  presence  may  be  safely  assumed.  [In 
structure  it  is  corneous  and  imperforate  and  varies  in  size  from  0.05  to  0.60mm. 
The]  prototype  preserving  throughout  its  development  the  main  features  of  the 
proteguluiu,  and  showing  no  separate  or  distinct  stages  of  growth  [is  found  in  the 
Lower  Cambrian  genus  Paterina].  The  resemblance  of  this  form  to  the  protegnlum 
of  other  brachiopods  is  very  marked  and  significant,  as  it  represents  a  mature  type 
having  only  the  common  embryonal  features  of  other  genera. 

Since  the  above  was  written  Mr.  C.  D.  Walcott  has  shown  that  the 
type  species  of  Paterina  has  a  well-developed  cardinal  area,  and  that  it 
is  synonymous  with  Iphidea.'  The  latter,  however,  is  generally  assumed 
to  have  an  a|)ical  pedicle  opening  as  in  the  Acrotretidae.  This  is  now 
known  not  to  be  the  case.  The  supposed  perforation  is  but  a  slight 
depression  or  short  groove  in  the  apex  of  the  ventral  valve,  and  does 
not  pass  through  the  shell.  Iphidea  is  therefore  in  harmony  with 
Paterina,  since  both  have  more  or  less  well-developed  cardinal  areas. 
The  theoretical  Paterina  or  prototype  of  the  protegnlum  is  therefore 

>  Ara.Jonr.  Set.,  April.  1801,  .Id  neHes,  Vol.  XLI,  pp.  344-346. 
»Proc.  U.  S.  Nat.  Mus.,  Vol,  XIX,  1897,  pp.  707-713. 
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not  yet  known.  It  is  evident,  however,  from  the  material  Mr.  Walcott 
possesses,  that  Iphidea-like  forms  will  be  discovered  in  which  the  car- 
dinal area  is  undeveloped  and  in  harmony  with  the  protegaluni.  It  is 
in  this  sense  that  the  terms  Paterina  and  paterina  stage  are  used 
throughout  this  work. 

THE  PRODELTIDIUM. 

The  term  prodeltidium  is  applied  by  Hall  and  Clarke  to  the  third 
shell  plate  originating  on  the  dorsal  side  of  the  body  wall  in  the 
cephalula  stage  of  Tkecidium  mediterraneum,  the  only  living  species  of 
Protremata.  This  plate,  however,  is  not  restricted  to  that  order,  but 
has  been  observed  by  authors  as  also  occurring  in  the  Atremata  and 
Neotremata.  The  term  prodeltidium  is  here  applied  to  this  embryonic 
plate  wherever  it  occurs  unmodified. 

Beecher  has  shown  that  the  prodeltidium  in  the  Protremata  is  the 
first  cause  for  the  development  of  the  deltidium  so  characteristic 
of  this  order.  That  this  plate  is  also  present  in  the  Neotremata  is 
apparent  from  the  description  of  a  brachiopod  larva  of  Biscina  (  = 
Discinisca)  given  by  Fritz  Mueller.  These  larvse  were  captured  in 
abundance  off  Desterro  or  Santa  Gathrina,  Brazil,  but  Mueller  was  not 
so  successful  as  Kovalevsky  and  others  in  securing  the  earlier  larval 
stages  of  other  genera  developing  in  the  brood  pouch,  and  therefore 
nothing  is  known  as  to  the  place  of  origin  of  the  prodeltidium  in  Neo- 
tremata. Since,  however,  the  prodeltidium  is  also  present  in  young 
Lingula  of  the  order  Atremata,  where  it  is  wholly  attached  to  the  inte- 
rior of  the  dorsal  shell,  it  appears  safe  to  assume  that  this  plate  inva- 
riably develops  on  the  dorsal  side  of  the  thoracic  segment  of  embryonic 
brachiopods,  and  later  l>ecomes  attached  either  to  the  dorsal  (Atremata) 
or  ventral  valve  (Neotremata  and  Protremata),  except  where,  as  in  the 
Telotremata,  it  does  not  occur. 

Before  taking  up  the  phylogenetic  significance  of  the  prodeltidium, 
it  will  be  advisable  to  state  what  is  known  of  this  plate  in  the  Atre- 
mata and  Neotremata.  Since  it  was  fifst  discovered  by  Fritz  Mueller 
in  the  Neotremata,  where  also  it  is  best  developed,  and  subsequently 
was  homologized  by  Brooks  with  a  similar  plate  in  Glottidia,  it  will 
here  be  given  first  consideration.    Mueller  writes:* 

Hit  ihrem  Hinterrande  dem  ausgebucliteten  Hinterrande  des  Bauchehale  anliegetid, 
gewahrt  man  zwischen  den  Schalen  eine  querovale  Platte,  0.06  mm.  lang,  0.11  breit, 
mit  dunklerom,  oft  braiinrothlich  gefUrbtem,  ringformigen  Raudc.  Sie  haftefc  an 
der  Banchschale,  deren  Bewegungen  Bie  folgt,  and  Bteht  mit  der  RiickenscLale  nur 
darcb  Moskeln  in  Verbindung. 

There  is,  then,  in  this  Discinisca,  a  transversely  oval  plate  somewhat 
loosely  attached  to  the  ventral  shell  near  its  posterior  margin,  the 
movements  of  which  it  follows.    Mueller  adds:^ 

Die  qaerovale  Platle  tritt  unter  des  bis  zam  Vorderrande  der  Riickenschale  vorge- 
Bchobeneu  Bancbschale  vor,  beginnt  sicb  nacb  hinten  zu  verlangeren  und  ein 
faaeriges  Anseben  zn  zeigen  (Stielf);  sie  folgt^  nacb  Tvle  vor,  den  Bewegungen  der 
BaachHchale. 


>  Archiv  Anat.,  PbyBlol.,  1860,  p.  74.  >  Ibid.,  p.  78. 


bid.,  p.  78. /--T 

Digitized  by  VjOOQ  Ic 


92  SYNOPSIS  OP  AMERICAN  FOSSIL   BBACHIOPODA.        Ibull-W. 

Since  in  this  stage  of  Discinisca  there  is  no  pedicle  present,  Maeller 
apparently  was  disposed  to  regard  the  prodeltidinm  as  the  eqaivalent 
of  the  pedicle.  That  this  is  an  erroneous  interpretation  seems  certain, 
for  in  his  second  paper  he  states : ' 

Die  bis  dahin  zwiBchen  den  Schalea  Terborgene  querovale  Platte  (der  Stiel)  tritt 
herror,  indem  Bie  sich  wie  es  soheint,  um  dem  aasgebachten  Hinterrande  des  Baaoh- 
Bchale  YoUstandig  henimdreht  and  so  ihr  vorderer  Rand  zam  hinteren  wird. 

In  Glottidia  the  pedicle  does  not  appear  until  sometime  after  the 
prodeltidinm  is  developed,  and  it  seems  reasonable  to  assume  from  the 
description  of  Mueller  that,  on  the  development  of  the  pedicle,  the 
prodeltidinm  is  pushed  and  turned  backward,  and  between  this  and 
the  notched  ventral  margin  the  pedicle  passes.  The  pedicle  opening  at 
this  stage  is  therefore  surrounded  by  shell  matter,  anteriorly  by  the 
protegulum  and  i)08ter]orly  by  the  prodeltidinm,  characters  duplicated 
in  Thecidium.  In  the  latter  genus  the  prodeltidinm  develops  into  the 
deltidium,  whereas,  according  to  Mueller,  this  plate  subsequently  dis- 
appears in  Discinisca.  Brooks,  also,  is  not  disposed  to  accept  Mueller's 
interpretation  of  this  plate  as  the  pedicle,  since  he  writes:' 

If  it  is  the  Bame  [the  tranBversely  oval  plate  of  Discinisca  and  the  dorsal  semiclr- 
calar  plate  of  Glottidia],  Maeller  is  certainly  in  error  in  his  suggestion  that  it  is  the 
pednncle,  for  there  is  no  connection  between  the  two  strnctures. 

In  Olottidia  pyramidata^  Brooks  has  shown  that  the  prodeltidinm  is 
also  present,  yet  here  it  does  not  become  attached  to  the  ventral  shell, 
but  is  firmly  fastened  to  the  dorsal  valve,  and  this  apparently  was 
consummated  in  the  paternia  stage.    Brooks  writes: 

I  was  not  able  to  learn  anything  of  the  significance  of  the  semicircular  plate 
shown  in  figures  1  and  3.  It  is  found  only  in  the  dorsal  valve,  and  is  either  a  mark 
upon  its  inner  surface  or  a  plate  between  the  body  and  the  valve.  According  to 
Fritz  Mueller,  the  Braohiopod  larva  studied  by  him  possessed  a  similar  structure. 
*  *  *  The  embryo  of  Lingula  is  so  small  and  thin  that  if  this  were  a  separate 
plate,  it  would  be  rather  difficult  to  prove  without  seeing  it  move,  or  find  it  bent 
outward.  In  the  absence  of  such  evidence,  we  seem  warranted  in  concluding  that  it 
is  a  similar  structure  to  the  movable  plates  of  Mueller's  larva,  althoagh|  in  Lingula 
at  least,  it  is  in  connection  with  the  dorsal,  not  the  ventral  valve. 

Ko  one  has  yet  mentioned  the  presence  of  the  prodeltidinm  in  living 
Telotremata,  and  it  may  prove  to  be  absent  in  this  order,  as  it  is  not 
developed  in  the  three  species  carefully  studied  by  Morse,  Sovalevesky, 
and  Shipley. 

Recapitulation. — The  prodeltidinm  is  present  in  Atremata,  Neotre- 
mata,  and  Protremata.  In  the  embryonic  brachiopods  developing  this 
plate  it  is  first  found  on  the  dorsal  side  of  the  body  wall,  and  later  is 
anchylosed  to  the  ventral  shell  in  Protremata  (Thecidium).  In  the 
Neotremata,  the  earliest  embryonic  stages  of  which  are  not  known,  it 
is  found  completely  developed  and  loosely  attached  to  the  ventral  shell, 
anterior  to  the  posterior  margin.    It  subsequently  turns  backward  to 


I  Archiv  fiir  Naturgesch.,  1861,  p.  54. 

'Chesapeake  Zoological  Laboratory,  Beasion  of  1878;  Johns  Hopkins  University,  1878. 
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the  x>osterior  margin  of  the  same  valve,  and  the  pedicle  is  believed  to 
emerge  between  the  plate  and  the  valve  (Disciuisca).  The  prodeltidium 
is  therefore  alike  in  final  position  in  the  Neotremata  and  Protremata. 
In  the  Atremata  this  plate  is  either  attached  by  its  entire  sarface  or  by 
the  x)osterior  margin  only  to  the  dorsal  shell,  as  in  Glottidia,  where  the 
earliest  embryonic  stages  are  also  unknown.  The  prodeltidium  is  like- 
wise dorsal  in  the  cephalula  stage  of  Thecidium  (Protremata),  but  sub- 
sequently is  attached  to  the  ventral  shell,  yet  in  reality  remains  dorsal 
to  the  animal.  In  Olottidia  (Atremata)  this  plate  remains  attached  to 
the  dorsal  valve,  and  in  nowise  affects  the  pedicle  opening,  as  in  the 
Neotremata  and  Protremata.  In  the  Telotremata  the  prodeltidium  has 
not  been  observed,  nor  has  any  fossil  species  in  this  order  shown  the 
least  trace  of  a  deltidium,  and  wherever  the  delthyrium  is  closed  it  is 
always  by  plates  growing  medially  from  its  walls,  secreted  by  the 
mantle  and  never  by  the  peduncle.  Therefore,  when  the  prodeltidium 
remains  stationary  or  with  the  dorsal  valve,  it  is  not  known  that  this 
plate  affects  the  original  pedicle  opening  (Atremata  and  Telotremata), 
but  when  subsequently  attached  to  the  ventral  valve  and  partly  sur- 
rounds the  pedicle  with  shell  matter,  it  completely  modifies  the  primi- 
tive x)edicle  oi>ening  by  restricting  it  to  the  ventral  shell  (Neotremata 
and  Protremata).  In  the  derived  or  later-appearing  families  of  the  IS'eo- 
tremata  and  Protremata  the  effects  of  foraminal  modification  initiated 
by  the  prodeltidium  may  be  wholly  lost,  as  in  Craniidae  and  Orthiidae. 

SIGNIFICANCE  OF  THE  PEODELTIDtTJM. 

The  deltidium  is  the  chief  character  of  ordinal  importance  in  the  Pro- 
tremata, and  since  this  plate  is  attached  to  the  ventral  valve,  yet 
originates  in  the  dorsal  prodeltidium,  it  seems  reasonable  to. assume 
that  if  similar  developmental  conditions  are  found  in  other  orders  such 
orders  would  possess  closer  phylogenetic  relationship  than  those  having 
differing  conditions.  It  has  been  shown  that  the  prodeltidium  is  also 
attached  to  the  ventral  valve  in  the  Neotremata,  and  so  far  both  orders 
show  relationship  in  their  earliest  embryonic  growth.  Beecher  has 
shown  that  the  protegulum  or  initial  shell  of  the  Protremata  is  discin- 
oid  in  form  and  more  like  that  of  the  Neotremata  than  that  of  the 
Atremata  or  Telotremata.    He  writes :  ^ 

Discinisca  shows  a  sabcircular  ventral  protegalam  with  a  pedicle  notch,  and  the 
evidence  of  any  hinge  in  the  dorsal  protegalam  is  very  slight.  The  diseinoid  char- 
acter appearing  in  the  second  and  third  nepionic  stage  of  the  Paleozoic  Orbicaloidea 
has  beoome  so  accelerated  in  Neozoic  and  recent  Discinisoa  as  to  produce  a  diseinoid 
protegulnm. 

The  Btrophomenoid  shells  asaally  retain  a  normal  protegnlnm  in  the  dorsal  valve, 
bat  from  the  acceleration  of  the  diseinoid  stage  in  the  ventral  valve  the  protegnlnm, 
has  an  abbreviate  hinge  and  arcaate  hinge  line.     (P.  346.) 

The  nepionic  stage  of  LepUsna  rhomhoidalis  is  represented  by  a  shell  withont  radii, 
having  a  comparatively  large  pedicle  opening  in  the  ventral  valve  and  a  large  deltid- 
iam.    The  hinge  is  not  well  defined  and  the  shell  is  diseinoid  in  form.     *     *    • 

lAiQ.  Jour.  Sol..  8d  series,  Vol.  XLI.  1801,  p.  346;  YoL  XLIY,  1892,  pp.  150-151. 
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The  extemal  characters  as  expressed  by  both  valves  are  manifestly  nearer  to  Knter- 
gina  than  to  any  telotremate  genus.  *  *  *  It  should  be  noted,  however,  that  the 
young  of  Chonetes,  Productns,  Stropheodonta,  Orthothetes,  Leptsena,  Plectambonites, 
and  Strophomena,  all  have  little  or  no  indication  of  a  straight  hinge  line,  and  that 
the  extension  of  this  member  takes  place  during  later  nealogic  and  ephebolic  growth. 
(Pp.  150-151.) 

By  far  the  greatest  number  of  Neotremata  occurring  in  the  Lower 
Cambrian  are  species  of  the  family  Acrotretidae.  To  the  writer  it  Las 
always  seemed  strange  to  snpix)se  that  this  family  has  been  derived 
through  the  Trematidae,  but  the  above  interpretation  of  the  prodeltid 
ium  in  Discinisca  indicates  that  the  turning  of  this  plate  posterior  to 
ifie  pedicle  at  once  led  to  holoperipheral  growth  in  some  of  these  early 
forms.  In  some  species  of  the  Acrotretidse  there  is  a  true  deltidium. 
In  Acrothele  the  cardinal  area,  is  flat,  without  any  trace  of  a  deltid- 
ium, whereas  in  Acrotreta  and  Conotreta^  which  have  high  cardinal 
areas,  there  is  a  narrow  concave  depression  bisecting  it.  These  del- 
tidia,  whether  convex  or  concave,  are  in  all  probability  initiated  by  th^ 
prodeltidium,  as  in  the  Protremata.  In  the  family  Trematidae  there 
appears  to  be  nothing  homologous  with  the  deltidium,  since  the  plates 
situated  in  the  apex  of  the  wide  triangular  fissure  of  Schizocrania  and 
Lingulodiscina  seem  to  be  formed  anterior  to  the  pedicle  and  subse- 
quent to  its  movement  posteriorly  with  growth,  and  not  posterior  to 
the  pedicle,  as  in  the  AcrotretidsB.  These  plates  in  the  Trematidae 
should  probably  be  homologized  with  the  listrium  of  the  Discinid^. 

The  complete  harmony  of  the  muscular  system  in  the  Protremata 
and  Telotremata  is  no  evidence  in  itself  that  the  latter  were  derived 
from  the  former.  The  occurrence  at  the  base  of  the  Cambrian  of  very 
]  primitive  species  of  the  four  brachioi)od  orders  is  proof  that  diver- 
gence took  place  yery  early  in  the  history  of  the  class,  and  while  there 
is  little  knowledge  of  the  muscles  in  either  Iphidea,  Kutorgina,  or  Pro- 
torhyncha  (P.  t  minor  and  P.  f  amhigua)^  the  earliest  genera  of  Atremata, 
Protremata,  and  Telotremata,  respectively,  there  is  some  evidence  for 
supposing  them  to  be  as  in  the  type  embryo  stage  of  living  species. 
The  high  degree  of  specialization  attained  by  Lingula  (Atremata),  as 
exemplified  by  the  burrowing  habit,  long  peduncle,  and  absence  of  valve 
articulation,  is  the  cause  for  their  complex  muscular  system,  while  the 
development  of  a  functional  hinge  in  the  Protremata  and  Telotremata 
ha«  led  to  the  retention  of  very  primitive  conditions  or  to  the  simplifi- 
cation and  harmony  of  the  muscles  throughout  these  two  orders. 

The  presence  of  a  terminal  intestinal  opening  in  the  living  species  of 
the  Atremata  and  Neotremata  and  its  general  absence  in  those  of  the 
Protremata  and  Telotremata  is  no  longer  held  to  have  phylogenetic 
significance,  as  many  of  the  Paleozoic  species  of  the  two  latter  orders 
afford  good  evidence  of  such  having  been  present  in  the  median  line  as 
in  living  Crania.* 

>  See  p.  113. 
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The  known  protegola,  or  initial  shells,  of  the  Neotremata  and  Pro- 
tremata  have  been  shown  to  be  harmonious,  and  to  differ  from  the 
normal  unmodified  protegula  of  the  Atremata  and  Telotremata.  The 
paterina  stage  in  the  two  last-named  orders  is  followed  by  the  ^'obo- 
lella  stage"  in  the  highest  families  of  the  Atremata  (Lingulellidae  and 
Lingulidse),  and  probably  throughout  the  Telotremata,  since  it  has 
been  observed  in  a  number  of  Ordoviciaii  and  Silurian  Rhynchonell- 
aeea,  Spiriferacea,  and  recent  TerebratulinasJ  In  the  Neotremata 
and  Protremata  the  paterina  stage  is  not  followed  by  the  obolella  stage, 
but  usually  by  holoperipheral  growth,  except  where  the  pedicle  slit 
remains  for  a  time  wholly  uninclosed  by  shell  matter.^ 

In  tabulated  form  the  above-presented  facts  appear  thus: 

Table  of  fundamental  brachiopod  charoAsiers  ordinally  arranged. 


Chmrwster. 

Atremata. 

Telotremata. 

Neotremata. 

Protremata. 

1.  Prodeltidinm   In 

With  dorsal  Tslve. 

Absent 

With  ventral 

With   ventral 

tyi>e  embryo. 

valve. 

valve. 

2.  Prodeltidinm  af- 

None     

HT^one 

Modified  in  prim- 
itive forms. 

Modified  through- 
out.   ' 

fecting  pedicle 

opening. 

3.  Deltidium  present 

None 

None 

Present  in  primi- 
tive forms. 

Present  through- 
out. 

4.  Protegulum 

5.  Obolella  stage.... 

6L    Annii  ^,,^__,^ 

Present 

Present 

Present 

Present. 

Present 

Present 

Absent 

Absent. 

Present 

In  many  early  ge- 
ologic species. 

Present 

Present  in  pentam- 
eroids. 

7.  Cbemical  natnre 

Phosphatic    and 

Phosphatic    and 

Calcareous. 

of  shell. 

calcareous. 

calcareous. 

8.  Cardinal  area 

Present,  but  usu- 

Not generally 

Present  in  primi- 

Generally present. 

ally  small. 

present. 

tive  forms  only. 

9.  Similarity  of 

Very  much  alike.. 

Unlike. 

Very  unlike. 

UnUke. 

▼aires. 

10.  ArtScnlation Often  present,  not 

Functional 

Rarely  present, 

Functional. 

functional. 

not  functional. 

11.  Xatare  and  fnnc- 1  Affixing  and  bnr- 

Generally  present, 

Generally   pres- 

Affixing  or   obso- 

tion of  pedicle. .       rowing. 

affixing;    shell 

ent,     affixing; 

lete;    cementa- 

1 

rarely  cemented. 

cementation 

tion  oranchoring 

j 

complete. 

spines  present. 

12.  Brachia,  with  or     Without 

With  or  without. . 

Without. 

With  or  without. 

without  inter-  1 

nal  skeleton.      | 

It  now  apx>ears  evident  that  the  two  great  divisions  of  brachiopods 
heretofore  based  on  the  presence  or  absence  of  functional  articulation 
have  no  phylogenctic  significance,  and  as  they  "do  not  appear  to  have 
a  primary  developmental  basis  in  nature,  •  •  •  they  fail  to  ex- 
press the  true  relationships  of  the  various  groups  included  in  thera."^ 

'See  papers  by  Beecher  and  Clarke,  Brooks,  Morse,  Beecher  and  Schuchert,  and  Winchf  11  and 
Sehachert. 
« .See  Am.  Jour.  Sci..  3d  series.  Vol.  XLIV,  1891,  pp.  150-^151. 
sBeecher,  Am.  Jour.  Sci.,  3d  series,  VoL  XLI,1801,  p.  853;  also  see  VoL  XLIV,  1892. 
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Articulation  was  deyeloi>ed  along  two  independent  lines,  and  therefore 
the  terms  Lyopomata  and  Arthropomata  have  no  phylogenetic  signifi- 
cance. The  presence  or  absence  of  articalating  processes  was  at  one 
time  considered  a  fixed  line,  on  either  side  of  which  all  brachiopods 
conld  be  arranged,  bnt  now  articulation  is  known  to  be  nearly  fanctioual 
in  several  lyopomatoas  genera,  as  in  Spondylobolus,  Trimerella,  Mono- 
morella,  Tomasina,  Barroisella,  of  the  Atremata,  and  in  Trematobolas 
of  the  Neotremata.  Among  the  Arthropomata,  articulation  is  hardly 
functional  in  Kutorgina,  Schizopholis,  Eichwaldia,  and  Dictyonella. 
However,  it  appears  probable  that  two  superorders  exist,  each  having 
two  orders.  Atremata  and  Telotremata  are  the  more  primitive  groups, 
and  agree  in  the  following  fundamental  characters:  Prodeltidium 
attached  to  the  dorsal  valve  or  absent;  pedicle  opening  primarily 
unmodified,  and  generally  closed  later  by  calcareous  plates  secreted 
by  the  ventral  mantle  extensions;  presence  of  a  functional  pedicle 
throughout  the  life  of  the  individual  (except  in  Thecospira,  Thecocyr- 


Algonkian 

Paieoioic 

Mesozoic 

Cenozoic 

Recent 

f 

firo  fr^/n  9 1^ 

m^  Neotremata 

^^r-^ma/a 

\ 

^M  TiR/otranslB 

Fio.  l.^Dlagrsm  glring  the  geological  diatribntion  of  brachiopod  orders. 

tella,  and  Bittnerula);  general  presence  of  the  '^obolella  stage''  in  the 
ontogeny  of  atremate  and  telotremate  species,  and  the  development  of 
complicated  calcareous  brachial  supports  in  the  derived  order.  The 
Neotremata  and  Protremata  agree  in  having  the  prodeltidium  attached 
to  the  ventral  valve  with  complete  nepionic  modification  of  the  pedicle 
opening;  delthyrium  often  closed  by  a  single  plate  secreted  by  the 
pedicle  and  never  by  mantle  extensions;  the  pedicle  is  very  often  lost 
before  maturity  is  attained,  along  with  the  development  of  new  anchor- 
ing adaptations;  absence  of  the  '^obolella  stage"  and  complicated  cal- 
carious  brachial  supports. 

Owen'S  superorders  Lyopomata  and  Arthropomata  have  no  basis  in 
nature,  and  should  be  dropped.  It  is  to  be  hoped  that  students  will 
determine  the  complete  embryology  of  Liugula,  Discinisca,  Crania, 
Bhynchonella,and  Terebratulina,for  until  more  of  the  ontogeny  of  some 
species  of  these  genera  is  known,  no  satisfactory  relationship  which  the 
orders  bear  to  one  another  can  be  established.  However,  it  appears 
probable  that  Atremata  and  Telotremata  have  superordinal  relationship 
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differiiig  from  that  of  the  Neotremata  and  Protreinata.  If  the  charac- 
ters above  pointed  out  are  of  superordinal  value,  it  will  be  convenient 
to  refer  to  these  divisions  as  HomocauUa  and  IdiocauHn^  respectively.^ 

DEVELOPMENT   OF   CARDINAL   AREAS  AND   ARTICULATION. 

The  earliest  suggestion  of  cardinal  areas  occurs  in  Iphidea  of  the 
Atreniata  and  in  the  Acrotretidie  of  the  Neotremata.  In  none  of  these 
forms,  however,  is  there  a  true  cardinal  area  (comparable  with  those  of 
the  Protremata  and  Telotremata,  since  it  is  not  bisected  by  a  delthy- 
rium,  nor  are  deltidial  plates  developed.  A  convex  pseudodeltidium 
is  often  present,  but  this  feature  is  not  homologous  with  the  deltidium 
of  the  higher  forms.  It  is  due  to  holoperipheral  growth  and  interfer- 
ence by  the  pedicle.  In  the  dorsal  valves  of  primitive  genera  in  both 
the  Atremata  and  Neotremata  growth  is  hemiperipheral,  but  in  the  ven- 
tral valve  of  Iphidea,  the  most  primitive  known  genus  of  Atremata,  and 
in  the  Acrotretidai  of  the  Neotremata,  growth  is  hoIoperipheraL 

The  ontogeny  of  many  species  of  Protremata  shows  that  this  order 
had  its  origin  in  some  atrematous  paterina-like  genus.  This  must  have 
occurred  in  pre-Cambrian  times,  since  in  the  Lower  Cambrian  there  are 
several  species  of  Billingseila,  a  highly  developed  protrematous  genus 
^  wlien  compared  with  the  theoretical  Paterina.  Kutorgina  cingnlata 
Walcott,  also  of  the  Lower  Oambrian,  is  a  more  primitive  species  than 
any  Billingseila,  aad  it  gives  evidence  as  to  the  course  of  evolution  from 
the  inarticulate  i)aterina-like  ancestor  to  this  rudimentary,  articulate, 
long-hinged  genus.  K.  cingulata  in  connection  with  the  Indian  genus 
Schizopholis  Waagen  shows  that  the  opening  between  the  widely 
gaping  valves  of  Paterina,  which  was  entirely  occupied  by  the  pedicle, 
was  partially  closed  by  a  gradual  thickening  of  the  lateial  walls,  and 
there  was  slowly  developed  a  primitive,  ventral,  cardinal  area.  Tliis 
area  and  the  articulating  processes  in  JC  cingulata  arc  very  rudimen- 
tary, and  are  situated  at  the  lateral  extremity  of  the  cardinal  area; 
thus  this  si)ecie8  still  retains  a  very  large  open  delthyrium,  much  as 
in  the  theoretical  Paterina.  In  Schizopholis  this  wide  fissure  is  reduced 
to  a  narrow  triangular  delthyrium  by  the  development  of  a  true  car- 
dinal area,  and  the  articulating  processes  are  now  no  longer  at  the 
lateral  extremities,  as  in  Kutorgina,  but  are  situated  more  medially. 
Naturally,  in  the  older  Oambrian,  complete  articulation  did  not  obtain, 
as  in  post-Cambrian  times.  Some  of  the  oldest  protrematous  species, 
such  as  K.  cingulata,  Billingseila  whitfieldi,  and  possibly  others,  also 
retain  considerable  phosphatic  material  in  their  shells,  but  in  later  and 
more  highly  specialized  species  the  shell  is  decidedly  calcareous. 

Some  of  the  species  of  Iphidea  have  the  ventral  posterior  region 


i(Vo<  (homoB),  t5t(K  (idios).  and  xavAof  (kauIoR)  --  Rtem  or  pedicle  common  to  both  valveH  and  pedicle 
restricted  to  one  valve,  respectively.  These  characters  may  bo  retained  throughout  life  or  re6tricto<l  to 
the  nepionic  and  neftnio  stages  of  growth. 
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more  drawn  out  beyond  the  dorsal  posterior  margin  than  others.  If 
this  rostrate  condition  were  carried  a  little  farther  and  the  pseudodel- 
tidium  resorbed,  there  would  practically  result  a  telotremate  shell  dupli- 
cated by  the  neanic  condition  of  many  rostrate  Telotremata.  The 
articulation  would  at  first  be  nearly  obsolete  and  situated  extremely 
lateral,  as  in  the  Protremata,  but  as  the  cardinal  area  became  greater 
the  teeth  would  attain  a  more  medial  position.  While  there  are  no 
known  genera  to  fill  in  the  gap  between  the  theoretical  Paterina  and 
Protorhyncha  (P.  minor  and  P,  amhigua)^  yet  the  hiatus  between  the 
Atremata  and  Telotremata  is  not  greater  than  between  theoretical 
Paterina  and  Kutorgina,  or  between  the  Atremata  and  Protremata. 

DEVELOPMENT  AND  SIGNIFICANCE  OF  THE  DELTIDIUM. 

The  most  characteristic  mature  feature  of  ordinal  importance  which 
distinguishes  Protremata  from  the  other  three  orders  is  found  in  the 
plate  that  more  or  less  completely  covers  the  delthyrium.  However,  in 
two  of  the  families  of  this  order,  Pentameridse  and  Orthids,  this  plate 
is  generally  wanting  in  the  mature  individual,  since  here  it  usually 
develops  only  during  early  growth,  and  later  is  lost  by  abrasion  or 
hidden  beneath  the  incurved  beak.  Again,  in  the  Acrotretidae  of  the 
Neotremata,  and  in  Iphidea  of  the  Atremata,  a  deltidium-like  plate  is 
also  often  developed,  but  as  these  shells  are  strongly  phosphatic  it  is 
not  difficult  to  distinguish  the  ordinal  position  of  any  shells  with  a  true 
deltidium.  In  Lacazella  niediterranea,  the  only  living  species  of  Pro- 
tremata, this  plate  has  its  origin  in  the  cephalula  stage  along  with  the 
rudiments  of  the  dorsal  and  ventral  valves,  when  the  embryo  is  yet  free 
and  swimming  about  by  the  aid  of  cilia.  The  dorsal  shell  and  the  pro- 
deltidium  ai)pear  first,  and  are  secreted  by  the  rudimentary  dorsal 
.  mantle  and  the  dorsal  surface  of  the  body,  which  subsequently  becomes 
the  pedicle.  The  ventral  shell  appears  last,  and  is  then  widely  sepa- 
rated from  the  dorsal  valve.  Between  the  two  valves  is  the  thick  and 
short  pedicle,  on  the  dorsal  surface  of  which  still  remains  the  third 
plate,  or  prodeltidium.  Subsequently  the  latter  is  anchylosed  to  the 
posterior  margin  of  the  ventral  valve.  The  prodeltidium  is  also  known 
in  the  Atremata  and  Neotremata,  yet  in  the  Telotremata  this  embryonic 
third  plate  does  not  exist,  but  a  covering  to  the  delthyrium  is  developed 
sometime  after  the  animal  has  become  attached.  In  its  origin  this  cov- 
ering is  wholly  different  from  the  deltidium  of  the  Protremata,  which  has 
its  beginning  in  the  prodeltidium  and  grows  down  from  the  shell  apex 
over  the  delthyrium,  while  the  deltidial  i)lates  of  Telotremata  grow 
out  medially  from  the  walls  of  the  delthyrium.  The  deltidial  plates  are 
secreted  by  extensions  of  the  ventral  mantle,  and  at  no  period  of  devel- 
opment has  the  pedicle  any  share  in  their  formation.  It  is  not  always 
easy  to  distinguish  mature  protrematous  and  telotrematous  shells  on 
the  basis  of  these  characters  alone,  but  the  young  of  both  orders  are 
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easily  classified  by  the  covered  or  open  deltbyria,  respectively.  In  some 
of  the  Telotremata,  toward  matority  the  deltidial  plates  anchyiose 
mediaUy  posterior  to  the  pedicle,  or  they  may  surround  the  pedicle, 
thus  resembling  the  deltidium,  bat^  mnce  their  origin  is  quite  different, 
they  are  termed  ^^pseudodeltidia.'^  Such  pseudodeltidia  in  Gyrtia, 
Cyrtina,  and  some  spirifers  resemble  the  deltidium  of  Olitambonites. 
Even  the  median  line  of  anchylosis  is  often  obliterated  by  the  contin- 
uous secretion  of  the  completely  united  prolongations  of  the  ventral 
mantle  lobe.  In  the  Pentameridae  the  deltidium  is  generally  absent,  as 
in  the  Orthidae,  but  in  Pentamerus  and  Gonchidium  it  is  often  retained 
as  a  thin,  fragile,  concave  plate.  This  reversal  in  form  from  the  gen- 
erally prevalent,  convex,  or  flat  deltidium  may  be  due  to  the  rostrate 
and  arched  ventral  umbones  so  common  in  these  genera.  In  the  aber- 
rant rostrate  genus  Dictyonella,  which  has  an  arched  ventral  umbone, 
a  concave  plate  is  also  present,  between  which  and  the  shell  the  pedicle 
passes  and  emerges  upon  the  umbone,  as  in  the  Siphonotretidae.  It  is 
not  certainly  known  that  this  plate  in  Dictyonella  is  a  deltidium,  but  its 
form  and  position  in  the  rostral  cavity  are  very  suggestive  of  that 
organ  in  Pentamerus  and  Gonchidium.  The  peculiar  umbonal  pedicle 
opening  in  Dictyonella  also  flnds  its  equivalent  in  Leptsena. 

THE   CHILIDIXJM. 

The  chilidiam  is  a  convex  plate  often  covering  the  cardinal  process 
of  the  dorsal  valve  in  the  Protremata.  It  is  particularly  well  devel- 
oped in  the  families  Glitambouitidse  and  Strophomenidae,  and  is  not  to 
be  confounded  with  the  deltidium,  since  it  first  makes  its  appearance 
not  earlier  than  neanic  growth,  and  apparently  is  a  secretion  of  the 
dorsal  mantle  lobe.  The  origin  of  the  chilidium  and  of  the  deltidium 
is  therefore  vholly  different,  and  both  have  very  dissimilar  phyletic 
significance. 

OBIGIN  AND  FUNCTION  OF  THE  SPONDYLIUM. 

The  spondylium  is  an  internal  ventral  plate  traversing  tlie  posterior 
portion  of  th  e  animal.  The  upper  surfac^e  of  this  plate  is  usually  trans- 
versely mark<5d  by  striae,  which,  in  the  Pentameracea  have  three  distinct 
curvatures  in  passing  over  it 

Since  their  position  and  the  area  occupied  agree  with  the  mneoular  Rears  of  this 
Talve  in  OrthU,  they  are  here  regarded  as  homologous  with  the  ailductors,  didnctorSy 
and  adjostors  of  that  genus.  In  Lingulaama,  Linyulopa  and  the  trimerellids  the  mus- 
cular scars  are  not  found  in  front  nor  underneath^  hut  on  the  '^  platform"  of  those 
genera.  The  platform,  therefore,  is  homologous  with  the  spondylium  of  Clitambon' 
Ue$  and  Pentamerus,  »  *  »  The  portion  of  the  valve  immediately  beneath  the 
spondyliam,  and  occasionally  the  sides  of  the  septum,  are  strongly  marked  by  the 
genital  sinuses.  Since  there  is  no  space  posterior  to  these  markings  for  the  attach- 
ment of  the  muscles,  this  clearly  indicates  that  they  were  situated  on  the  upper 
surface  of  the  spondylium.  > 


>  WincheU  tatd  Sohachert,  Final  Bept.  Minn.  Geol.  Snrvey,  Vol.  Ill,  Part  I,  Jane,  1893,  p.  378. 
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The  spondylium  is  developed  as  the  ^^ platform"  in  Liugalasmatidie 
and  TrimerellidaB  of  the  Atremata;  as  a  ^< spondylium"  in  Fentamera- 
cea  of  tlie  Protremata,  and  in  Gyrtina,  Gamerospira,  Merista,  and 
Dicamara,  of  the  Telotremata.  *In  the  Atremata  and  Telotremata, 
spondylia-bearing  species  are  not  numerous,  but  the  individuals  are 
usually  abundant,  often  of  large  size,  and  generally  are  of  short  geo- 
logic duration. 

The  development  of  the  si)ondylium  or  its  morphologic  e<iuivalent 
probably  had  its  origin  in  an  excessive  deposit  of  testaceous  matter 
about  the  bases  of  the  powerful  adductors,  diductors,  and  pedicle 
muscles.  Growth  of  the  individual  necessitates  the  progressive  ante- 
rior movement  of  the  muscles,  and  when  these  are  large  there  is  but 
little  or  no  space  left  between  or  outside  of  them  for  the  viscera  and 
genitalia,  which  are  therefore  crowded  farther  and  farther  anteriorly. 
This  condition  naturally  produces  constant  pressure  of  the  genitalia 
against  the  anterior  base  of  the  forming  spondylium,  and  since  pres- 
sure causes  resorption  or  diverts  testaceous  deposition,  it  follows  that 
these  organs  will  gradually  produce  cavities  for  their  relief  beneath 
this  plate.  In  the  older  species  of  the  Trimerellidje  and  in  all  of  the 
Lingulasmatidic  displacement  of  the  genitalia  does  not  appear  to  have 
been  excessive,  as  the  platforms  are  but  slightly  excavated.  However, 
in  the  terminal  genus  Trimerella  the  genitalia  chambers  are  very  deep, 
and  these  are  present  in  both  valves.  Throughout  the  Pentameracea 
the  spondylium  is  a  thin,  freely  terminating  or  medially  8upi)orted 
plate,  and  never  solid  as  in  the  older  species  of  the  Trimerellida*.  It 
is  likewise  thin  and  excavated  in  the  order  Telotremata. 

Hall  and  Clarke  advance  quite  a  diff'erent  explanation  as  to  the 
origin  of  the  spondylium.    They  write  :^ 

The  spondylium  is  an  area  of  muscular  implantation.  In  its  early  or  incipient  con- 
dition it  is  evident  that  it  originates  from  the  convergence  and  coalescence  of  the 
dental  lamellae,  and  forms  a  receptacle  for  the  proximal  portion  of  the  pedicle,  aud 
for  the  capsular  or  pedicle  muscles.  *  *  •  Considering  this  structure  in  its 
incipent  condition,  where,  as  in  OrHnSj  it  is  represented  only  by  the  convergent  den- 
tal plates  which  usually  unite  with,  or  rest  upon  the  bottom  of  the  valve,  and 
inclose  only  the  base  of  the  pedicle  and  its  muHclcs,  it  will  be  evident  that  the  plate 
is  actually  but  a  modification  of  the  original  pedicle-sheath.  It  is  evidently  the 
inner  moiety  of  this  sheath  surrounding  the  pedicle,  which  has  become  involved  or 
inclosed  by  the  growth  of  the  pedicle- valve,  and  further  modified  by  the  develop- 
ment of  articulating  processes  where  it  comes  in  contact  with  the  brachial  valvo 
It  therefore  follows,  as  a  natural  inference,  that  wherever  the  spondylium  is  pros, 
ent,  whether  in  the  incipient  condition  or  in  the  more  advsmced  stage  of  develop- 
ment in  which  it  supports  all  tbe  muscles  of  the  valve,  it  is,  or,  at  some  period  of 
growth,  has  been  accompanied  by  the  external  portion  of  the  sheath,  which  is  termed 
the  deltidinm.  Thus  the  spondylium  appears  to  be  but  the  complement  of  the  del- 
tidium,  or  the  original  plate  formed  upon  the  body  of  the  embryo,  and  that  portion 
of  the  adult  shell  to  which  the  term  deltidium  has  been  applied,  is  the  other  part  of 
the  original  or  primitive  deltidial  plate  or  pedicle-sheath. 


«  Paltuontology  of  Now  York,  Vol.  Vni,  Part  n,  1895,  p.  332. 
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The  writer  also  previously  entertained  this  view,  but  when  it  became 
known  that  spondylia  are  developed  where  no  dental  lamella;  exist,  as 
in  the  Lingulasmatidie  and  Trimerellidu)  of  the  Atremata;  that  spon- 
dylia are  never  present  in  the  Neotremata,  where  a  pedicle-sheath 
is  sometimes  well  developed,  as  in  the  Acrotretidii* ;  and  finally,  that 
a  spondylium  is  even  present  where  no  deltidium  ever  existed,  as  in 
the  two  first-mentioned  families,  and  in  Cyrtina,  Caraerospira,  Merista, 
and  Dicamara  of  the  Telotremata,  such  an  explanation  became  unten- 
able. The  fact  that  solid  or  excavated  spondylia  exist  in  three  orders, 
two  of  which  never  developed  a  pedicle-sheath  (Atremata  and  Telotre- 
mata), and  one  had  no  dental  lamelhe  (Atremata),  is  good  evidence  that 
the  prodeltidinm  x)rimarily  had  nothing  to  do  with  the  development  of 
spondylia.  Further,  no  spondylia  are  developed  in  the  Cambrian  until 
long  after  the  deltidium  was  well  established,  and  therefore  the  spon- 
dylium can  not  be  "but  a  modification  of  the  original  i>edicle-sheath." 
However,  it  is  very  probable  that  when  the  dental  lamellu*  in  the  Pro- 
tremata  became  sufiiciently  wide  to  join  the  ventral  shell,  crowding  all 
the  muscles  of  this  valve  into  a  small  area,  these  took  advantage  of  the 
inner  sides  of  the  dental  lamella^  for  insertion,  and  thus  a  continuous 
layer  of  testaceous  matter  was  deposited  within  the  rostral  cavity. 
With  growth,  the  muscles  move  forward  and  press  against  the  genitalia, 
which  causes  resorption  or  nondeposition  for  their  relief.  No  spondylia 
appear  before  the  Upper  ('ambrian,  and  here  also  are  the  first  com- 
pletely developed  dental  lamelhe.  The  so-called  Lower  Cambrian 
camarellas  have  no  completely  developed  dental  lamelhe,  and  are 
related  to  the  rhynchonelloid  genus  Protorhyncha,  and  to  Protorthis 
billingffij  which  also  has  no  spondylium.^  Therefore,  the  further  conclu- 
sion of  llall  and  Clarke  can  not  be  accepted,  that,  "  where  the  teeth 
are  wholly  without  dental  lamellae,  or  where  such  lamella'  do  not  extend 
to  the  bottom  of  the  valve,  it  seems  necessary  to  regard  them  as 
instances  of  degeneracy  or  resorption  of  the  primitive  spoiidylium."* 

It  seems  clear  to  the  writer  that  since  the  *^  shoe-lifter"  plate,  or 
spondylium,  in  Merista  and  Dicamara  is  for  niuscnlar  insertion,  this 
plate  in  the  ventral  valve  of  these  genera  is  the  morphic  equivalent  of 
the  spondylium  in  the  Pentameracea,  and  that  the  dorsal  muscular 
plate  in  Dicamara  is  the  equivalent  of  the  cruraliuin,  and  can  not  "be 
interpreted  as  an  entirely  diftercnt  structure  from  the  spondylium."^ 
It  is  true  that  the  six)ndylia  of  these  genera  are  not  exactly  like  those 
of  the  Pentameracea,  but  since  this  plate  in  the  Atremata  is  not  formed 
by  the  union  of  dental  lamelhe,  as  these  do  not  exist  in  this  order,  there 
is  no  reason  for  rejecting  the  terminology  for  these  plates  in  Merista 
and  Dicamara. 


^CamarfUa  minor  and  O.  antigun  are  more  cloaoly  Mated  to  Protorhyncha  than  to  any  other  genus. 
Of  Orthit  biUingai^  the  typo  of  Protorthis,  very  jjooil  casts  of  Hpoc.iiiiens  iu  the  CorneU  University 
Museum  are  In  the  National  MiisuMim.  which  show  that  this  genus  also  has  no  spondylium,  and  that  its 
characters  arc  those  of  Billingsella. 

*Han  and  C'larke.  ihid.,  p.  333. 

sibid.,p.335.  •  ^^^^r^l^ 
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CRURA  AND   CRURALIUM. 

Calcareous  processes  for  the  support  of  the  brachia  are  also  devel- 
oped in  the  Protremata,  in  the  superfamily  Pentameracea,  bat  never 
to  the  same  degree  attained  by  the  Spiriferacea  or  Terebratnlacea  of 
the  Telotremata.  In  the  Protremata  these  supports  are  first  develoi)ed 
in  the  Syntrophiidae,  and  attain  their  greatest  length  in  the  Penta^ 
meridii*.  Since  the  two  parts  often  unite  medially^  forming  a  plate  for 
muscular  insertion  either  resting  upon  the  valve  or  supported  by  a 
septum,  this  has  been  termed  a  cruralium  by  Hall  and  Clarke,  to  distin- 
guish it  from  the  spondylium  of  the  ventral  valve^  When  the  parts 
remain  separate,  and  are  therefore  not  for  muscular  insertion,  they  are 
homologous  with  and  the  equivalent  of  the  crura  in  the  Rhynchonellidje. 
The  crura  of  the  Pentameracea  and  Ehynchonellacea  arise  independ- 
ently, and  are  therefore  morphologic  equivalents. 

MORPHOLOGIC   EQUIVALENTS. 

I^ecause  of  the  presence  of  similar  or  identical  morphological  struc- 
tures in  different  groups  of  mature  brachiopods,  it  is  unsafe,  on  the 
basis  of  these  alone,  to  suppose  such  to  have  close  relationship.  The 
spondylium  has  been  shown  to  originate  independently  in  three  orders: 
Atremata,  Protremata,  and  Telotremata.  Identical  mature  loops  have 
resulted  in  different  ways  in  two  stocks  of  the  same  family,  one  boreal 
(DallincT)  and  the  other  austral  (Magellaninse).  Flat  and  more  or  less 
wide  cardinal  areas  develop  independently  of  one  another  in  Protre- 
mata and  Telotremata  (Spiriferacea).  Cementation  of  valves  takes 
place  at  different  and  widely  separated  geologic  epochs  in  Neotremata, 
Protremata,  and  Telotremata,  and  shell  plications  arise  fi'om  smooth 
stocks  in  Pentameracea,  Ehynchonellacea,  Spiriferacea,  and  Terebra- 
tnlacea. Natural  phylogenies  can  only  be  established  upon  ontogenies 
checked  by  chronogenesis  or  geologic  succession. 

SUMMARY. 

In  North  America  there  are  1,859  Paleozoic,  49  Mesozoic,  and  14 
Cenozoic  species  of  fossil  Brachiopoda.  There  are  116  species  in  the 
Cambrian,  319  in  the  Ordovician,  311  in  the  Silurian,  663  in  the  Devo- 
nian, and  478  in  the  Carboniferous. 

The  remarkable  scarcity  of  post-Paleozoic  species  in  America  is 
supposed  to  be  due  not  so  much  to  the  general  decline  of  the  class  as 
to  great  orographic  movements  during  the  close  of  the  Paleozoic,  which 
produced  complete  barriers  against  the  introduction  of  species  from 
other  areas. 

Specific  differentiation  was  most  rapid  in  the  Ordovician,  having 
exceeded  the  Cambrian  representation  more  than  three  times. . 

Thirty  i)er  cent  of  all  American  Paleozoic  species  had  wide  geo- 
graphic distribution,  which  is  most  pronounced  in  the  Devonian  and 
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Carboniferous  systems.  One  hundred  and  twenty-one  American  sx)e- 
cies  are  also  found  on  other  continents. 

Widely  dispersed  species  are  least  common  in  the  most  primitive 
order,  Atremata,  and  greatest  in  the  highest  orders,  Protremata  and 
Telotremata.    The  difference,  however,  is  but  7  i>er  cent. 

The  order  Atremata  is  represented  by  199  sx)ecies,  or  over  10  per 
cent  of  the  American  Paleozoic  representation.  In  the  Neotremata  it 
is  150,  or  over  8  -per  cent.  The  Protremata  have  738  Hi)ecies,  or  nearly 
40  per  cent;  and  the  Telotremata  766  species,  or  about  41  \\eT  cent. 

The  order  Atremata  is  best  developed  in  species  and  genera  in  the 
Cambrian  and  Ordovician  systems;  the  Keotremata  in  the  Ordovician ; 
the  Protremata  in  the  Ordovician,  Silurian,  and  Devonian;  and  the 
Telotremata  in  the  Devonian.  The  climax  of  differentiation  is  there- 
fore chronologically  related  to  phylogeuetic  or  sequential  origin. 

Since  the  four  orders  of  Brachiopoda  are  present  in  the  Lower  Cam- 
brian, ordinal  differentiation  must  have  taken  place  in  pre-Cambrian 
times.  The  two  more  primitive  orders,  Atremata  and  Neotremata, 
have  in  Lingula  and  Crania,  respectively,  genera  with  longest  life 
histories.  This  probably  is  due  not  so  much  to  their  primitive  struc- 
tures as  to  their  modes  of  living. 

The  last  order  to  originate,  Telotremata,  has  the  greatest  number  of 
generic  and  superfamily  characters,  and  probably  also  of  species. 

The  last  superfamily  to  appear,  Spiriferacea,  manifests  most  rapid 
evolution  and  is  the  second  one  to  die  out,  being  preceded  by  the  Pen- 
tameracea.  These  two  superfamilies  are  the  most  highly  specialized  in 
the  orders  to  which  they  belong,  and  their  great  specialization  may  be 
the  cause  of  their  early  disappearance. 

The  trunk  families  of  later  origin  throughout  the  class  manifest  the 
greatest  specific  and  generic  differentiation  and  the  widest  specific  dis- 
persion, and  have  species  of  the  largest  size  and  often  of  longer  geologic 
I)ersistence. 

The  oldest  or  most  primitive  families  nearly  always  have  short  geo- 
logic duration  (except  Bhynchonellidae)  and  the  least  generic  and  spe- 
cific differentiation,  and  commonly  the  individuals  are  of  small  size. 

The  largest  of  all  brachiopods  occur  in  the  families  Pentameridae, 
Productidae,  and  Spiriferidae,  at  a  time  when  the  class  was  at  the  height 
of  differentiation. 

Large  specific  size  is  probably  often  gradually  attained  in  genetic 
lines,  and  is  due  to  favorable  food  conditions.  The  gigantic  brachio- 
pods always  occur  in  the  later-developed  trunk  families,  and  just  before 
their  decline  in  differentiation. 

But  8  genera  are  known  to  pass  from  the  Paleozoic  to  the  Mesozoic. 
There  are  in  all  327  brachiopod  genera,  227  of  which  are  Paleozoic. 
The  Atremata  have  29  genera,  the  Neotremata  30,  the  Protremata  89, 
and  the  Telotremata  179. 

All  brachiopods  begin  with  smooth  shells  and  protegula. 
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The  prodeltidium,  or  third  embryonic  shell  plate,  is  known  in  the 
Atremata,  Neotremata,  and  Protremata.  In  the  Atremata  this  becomes 
attached  to  the  dorsal  valve,  while  in  the  Telotremata  it  is  apparently 
not  developed  at  all.  In  the  Protremata  it  becomes  attached  to  the 
ventral  valve,  as  in  Neotremata.  In  the  two  last-named  orders  it  modi- 
fies the  pedicle  opening.  For  this  and  other  ontogentic  and  morphologic 
characters,  Owen's  terms  Lyopomata  and  Arthropomata  are  abandoned. 
The  Atremata  and  Telotremata  are  provisionally  arranged  under  the 
superordinal  term  Ilomocaulia^  and  the  Feotremata  and  Protremata 
under  Idiocaulia, 

Mori)hologic  equivalents,  or  similar  structural  features,  are  devel- 
oped independently,  as  follows:  A  spondylium  in  Obolacea,  Lingulacea, 
Peutameracea,  and  rarely  in  Spiriferacea;  crural  processes  in  Peutam- 
eracea  and  Rhynchonellacea;  functional  articulation  in  Protremata 
and  Telotremata;  straight,  more  or  less  long,  cardinal  areas  from  ros- 
trate forms  in  Ehyuchouellacea,  Spiriferacea,  and  Terebratulacea; 
rostrate  shells  from  long  cardinal  areas  in  J^entameracea,  and  loss  of 
pedicle  and  ventral  shell  cementation  in  Oraniacea,  Strophomenacea, 
and  Spiriferacea. 


Digitized  by  LjOOQIC 


CHAPTER    IV. 

MORPHOL,OGY  OF  THE  BllACHIA. 

By  Charles  K.  BkecuerJ 

The  diagnoBtic  value  of  the  bracbidiam,  or  calcareous  arm  supports, 
of  brachioi)ods  has  long  been  recognized,  and  forms  oue  of  the  chief 
characters  for  generic  and  family  subdivision  among  the  Terebratulacea 
and  Spiriferacea.  This  character  fails  in  all  other  bra<;hiopods,  which 
have  simply  fleshy  arms,  unsupx)orted  by  calcareous  skeletons.  There 
is,  however,  generally  the  most  obvious  analogy  and  intimate  relation- 
8hix>  between  the  arms  themselves  and  the  brachidium,  so  that  when- 
ever either  structure  can  be  ascertained  it  furnishes  important  data 
aiding  in  the  determination  of  the  systematic  position  of  any  genus 
within  a  family  or  order. 

The  growth  of  the  arms,  or  lophophore,  in  recent  genera  may  be 
divided  into  distinct  stages,  which  often  have  a  direct  correlation  with 
other  important  features  of  the  shell.  In  many  cases  it  is  also  i)ossible 
to  infer  the  form  and  arrangement  of  the  brachia  in  fossil  genera  from 
markings  on  the  interior  of  the  valves  and  from  the  calcareous  arm 
supports,  and  thus  to  obtain  the  chronogenetic  as  well  as  the  niorpho- 
genetic  history  of  these  organs. 

The  most  detailed  accounts  of  arm  development  are  given  by  Brooks' 
for  Glottidia,  by  Morse"  for  Terebratulina,  and  by  Kovalevski^"  for 
Cistella  and  Thecidea.  These  results,  combined  with  original  observa- 
tions by  the  writer ''^  and  occasional  descriptions  of  arm  structure  by 
Davidson'  and  other  authors,  are  sufficient  to  include  and  properly 
interpret  all  the  leading  varieties  of  structure. 

As  shown  by  Brooks,^  the  tentacles,  or  cirri,  in  Glottidia  originate 
on  the  dorsal  side  of  the  oral  disk.  They  grow  in  pairs,one  on  each 
side  of  a  central  lobe.  New  tentacles  are  added  between  the  first  pair 
formed  and  the  median  lobe.  Thus  the  cirri  farthest  removed  from 
the  median  lobe  are  the  oldest.  Tentacles  are  added  rapidly  until  the 
first  arc  is  extended  to  a  semicircle,  and  then  progressively  the  whole 
disk  becomes  surrounded  by  a  circle  of  these  organs.  The  further 
introduction  of  cirri  can  only  take  place  by  the  enlargement  of  the 
oral  disk  or  through  the  deformation  of  the  circle  by  lobes,  loops,  or 
extensions.  In  Glottidia,  Lingula,  Discinisca,  Crania,  and  Khyncho- 
nella  the  two  points  of  tentacular  increase,  originally  together  and  on 

»Tbe  referenceH  to  the  literature  will  be  found  at  the  end  of  this  chapter. 
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opposite  Bides  of  a  median  lobe,  or  tentacle,  gradually  separate,  and  the 
further  multiplication  of  tentacles  results  in  strap-shaped  extensions 
on  each  side,  which  finally  assume  a  coiled  form,  due  to  the  limited 
space  in  which  they  grow.  Therefore  the  arms  in  adult  individuals  of 
these  genera  have  a  single  cirrated  edge,  extending  from  their  free 
extremities  to  the  sides  of  the  oral  disk,  and,  continuing  posteriorly, 
unite  on  the  ventral  side  of  the  disk  behind  the  mouth.  Each  cirrated 
edge  in  the  adult  lophophore  apparently  has  two  approximate  rows  of 
alternating  cirri  (Hancock^),  but  as  they  were  originally  a  single  row 
in  early  stages,  this  appearance  is  evidently  the  result  of  a  crowding  of 
the  cirri  or  a  crumpling  of  the  edge. 

Eovalevski^^  has  shown  that  in  Oistella  the  tentacles  also  originate 
in  pairs  on  each  side  of  the  dorso-median  line,  without  a  central  tenta- 
cle or  lobe.  The  same  mode  of  increase  has  been  shown  by  the  writer- 
to  be  present  in  Magellania  and  Terebratalia.  In  young  stages  of 
Gistella,  Terebratulina,  Magellania,  and  other  terebratuloid  genera,  as 
well  as  in  Thecidea,  after  the  circlet  of  tentacles  is  complete  the  two 
points  at  which  new  ones  are  added  do  not  separate,  but  remain  close 
together  throughout  the  life  of  the  animal.  In  this  case  the  cirrated 
margin  is  lengthened  by  means  of  lobation  and  looping,  and  often  by 
the  final  growth  of  a  single,  median,  coiled  arm,  cirrated  on  both  mar- 
gins. Gwynia  illustrates  the  completed  circle  of  tentacles  about  the 
mouth.  Adult  Gistella  shows  an  advance  in  having  the  anterior  mar- 
gin of  the  lophophore  introverted,  making  it  bilobed.  Megathyris 
is  slightly  more  complicated  by  two  additional  lobes.  This  simple 
method  of  increase  is  further  elaborated  in  the  Thecidiidse.  In  the 
higher  genera,  especially  among  the  Terebratulidae,  the  maximum  is 
reached  by  means  of  a  median,  unpaired,  coiled  arm,  as  in  Magellania 
and  Terebratulina. 

The  development  of  the  difterent  types  and  varieties  of  arm  structure 
is  presented  in  the  accompanying  figures  (figs.  2-G),  which  are  necessar- 
ily somewhat  diagrammatic  in  order  to  show  the  features  clearly,  but 
the  essential  structure  can  readily  be  verified  from  consultation  of  the 
works  cited  or  from  a  study  of  actual  specimens.  In  the  case  of  fossil 
forms,  such  as  Dielasma,  the  Atrypida^,  and  Athyridae,  the  brachial 
supports  have  sufficient  analogy  with  the  arm  structures  of  Terebratu- 
lina and  Ehynchonella  to  warrant  their  interpretation  as  given.  Also 
the  spiral  impressions  on  the  valves  of  Davidsonia,  and  those  occa- 
sionally present  in  Lepttena  and  Productus,  clearly  point  to  the  posses- 
sion of  coiled  arms  by  these  genera. 

CLASSIFICATION   OF   BRACHIAL   STRUCTURES. 

Prom  what  has  already  been  shown  it  is  seen  that  the  various  types 
of  lophophores  admit  of  a  simple  classification  into  stages  and  groups. 
It  is  proposed  to  give  to  these  distinctive  names,  which  may  be  used  with 
facility  in  making  comparisons  and  correlations.    They  may  be  found 
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useful,  also^  in  designating  the  kind  of  brachial  complexity  attained 
in  any  genns  the  arm  structure  of  which  can  be  determined,  thus  help- 
ing to  iix  its  place  in  a  genetic  scale.  It  should  be  emphasized,  how- 
ever, that  the  form  and  complexity  of  the  cirrated  margin  of  thelopho- 
phore  can  have  a  taxonomic  value  only  within  comparatively  narrow 
limits.  This  at  once  becomes  evident  when  the  arms  of  Lingula,  Dis- 
cinisca,  Crania,  Bhynchonella,  and  all  the  Spiriferacea  are  considered. 
Each  has  spiral  arms,  which  were  probably  developed  through  similar 
changes  of  form,  and  yet  each  is  genetically  distinct,  as  shown  by  all 
the  other  leading  characters.  But  when  this  classification  of  arm 
structures  is  applied  within  a  family  or  genus,  or  even  when  made 
the  basis  of  comparison  among  some  closely  related  families,  it  is  some- 
times possible  to  reach  very  satisfactory  conclusions  relating  to  the 
systematic  position  of  various  forms. 

LEIOLOPHUS  STAGE. 

It  is  hardly  necessary  to  direct  attention  to  the  embryonic  brachial 
structure  before  the  growth  of  any  of  the  tentacles,  or  cirri,  on  the  edge 
of  the  lophophore,  while  the  animal  is  in  the  typembryonic  stage.  For 
the  sake  of  designating  all  the  stages,  this  may  be  called  the  leiolophus 
stage,  though  it  has  no  special  significance  beyond  indicating  the 
beginning  of  the  lophophore. 

TAXOLOPHUS  STAGE. 

Tlie  first  stage  in  which  a  true  brachial  structure  Is  manifest  is  an  early 
larval  form,  often  the  protegulum  stage,  when  the  tentacular  portion 
of  the  lophophore  is  a  simple  arc,  or  crescent.  This  may  be  called  the 
iaxolaphus.  The  tentacles  are  few  in  number,  and  increase  takes  place 
on  each  side  of  the  median  line,  dorsally,  in  front  of  the  mouth.  In 
figs.  2a,  e^  3a,  /,  5a  this  character  is  clearly  shown.  The  tentacles  at  the 
ends  of  the  arc  are  the  oldest,  and  new  ones  are  being  formed  in  the 
middle  portion.  In  Thecidea,  Gistella,  and  Magellania  the  tentacles  of 
the  taxolophus  are  centripetal,  due  to  the  edge  of  the  lophophore  being 
near  the  margin  of  the  shell;  while  in  Terebratulina,  Discinisca,  and 
Lingula  they  are  centrifugal,  due  to  the  smaller  and  central  lophophore. 

So  far  as  known,  there  is  no  adult  living  form  which  has  the  taxolo- 
phian  brachial  structure.  It  may  have  been  present  in  adult  Iphidea 
of  the  Cambrian. 

TROCHOLOPHUS  STAGE. 

By  the  continual  addition  of  new  cirri  and  the  pushing  back  of  the 
old  ones,  the  fringed  margin  of  the  lophophore  passes  from  a  crescentic 
to  a  circular  form,  thus  making  a  complete  ring  about  the  mouth.  This 
may  be  termed  the  trochoUyphus  stage.  It  appears  in  the  late  larval  and 
early  adolescent  stages  of  Thecidea  (fig.  26),  Gistella  (fig.  2/),  Magella- 
nia and  Terebratalia  (fig.  36),  Terebratulina  (fig.  3^),  Glottidia  (fig.  56), 
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and  Discinisca,  and,  like  the  former  stages,  is  undoabtedly  common  to 
all  bracliiopods,  except,  perhaps,  Iphidea. 

Gwynia  is  an  adalt  living  representative  of  this  stage,  and  nev«r 
develops  any  higher  type  of  brachial  structure.  Dyscolia  also  belongs 
here,  since  it  has  a  discoid  lophophorc  surrounded  by  a  marginal  fringe 
of  tentacles  (Fischer  and  (Ehlert").  It  is  possibly  a  little  more 
advanced  than  Gwynia,  as  it  has  a  slight  median  anterior  notch,  sug- 
gesting the  beginning  of  the  bilobed  structure  of  the  next  higher  type. 

The  absence  of  septum,  hinge-plate,  and  dental  plates  are  other 
primitive  characters  belonging  to  Dyscolia. 

SCHIZOLOPHUS   STAaiC. 

After  the  completion  of  the  trocholophus  stage  in  all  brachiox)od8, 
except  such  simple  forms  as  Gwynia  and  Discolia,  no  further  increase 

in   the   cirrated    edge  of 


%^        Taxolophus. 


the  lophophore  can  occur 
without  some  deformation 
of  the  circle.  This  is  first 
accomplished  by  an  intro- 
version of  the  anterior 
median  edge,  thus  divid- 
ing the  lophophore  into 
two  lobes,  and  suggesting 
the  name  schizolophus  for 
this  type.  (See  figs.  2c,  ^, 
3r, /i,5c.) 

Several  brachiopods  re- 
tain the  schizolophian 
brachia  as  an  adult  char- 
acter. Of  these,  Cistella 
is  perhaps  the  best  exam- 
ple, as  it  agrees  exactly 
with  an  early  stage  of  arm 
structure  among  the  Tere- 
bratellid{e,whichhas  been 
called  the  cistelliform 
stage  (fig.  3c).  Terebratulina  (fig.  3^),  Glottidia  (fig.  ryc)^  and  other 
higher  forms,  also  have  corresponding  schizolophian  stages,  but  are 
without  the  median  septum.  Lacazella  mediterranea  presents  a  similar 
larval  structure,  and  in  L.  harretti  it  is  retained  to  maturity.  The  fos- 
sil genera  Davidsonella  and  Thecidella  of  the  Thecidiidae,  and  Zellania 
of  the  Terebratellidje,  never  developed  beyond  the  schizolophus  stage, 
and  they  must  therefore  be  considered  as  quite  primitive  genera  in  their 
respective  families. 

From  this  point  the  further  development  and  complication  of  arm 
structure  proceeds  in  three  distinct  diverging  lines,  producing  the 
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Trocholophns. 


Schiz<)lo))hus. 


Ptycbolophns. 


Fio.  2.— stages  of  growth  of  the  lophophore  in  Thecidea, 
Ciatella,  and  Megathyris.  a,  6,  c,  c2,  Btages  in  tlio  growth  of  tlio 
lophophore  in  Theeidea  {LcusazfUa)  mrditerranea ,  <»nl.  {a-c  after 
Kovalevski,  d,  after  LacazeDuthiors).  e,  /,  early  stages  of 
lophophore  of  OistsUa  neapolitana,  enl.  (after  Kovalo  vski ) .  g, 
adult  lophophore  of  Cistella  (C.  eutellula),  enl.  (after  David- 
son). A,  labial  apjMndages  of  Megathyris  deeoUata,  enl.  (after 
Davidson). 
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three  characteristic  tyi>e8  of  brachia  of  all  the  higher  brachiopods,  as 
exemplified  in  Thecidea,  Terebratulina,  and  Rhyuchouella. 


PTYCHOLOPHDS  STAGE. 

The  simplest  of  the  types  of  brachia  just  cited  is  developed  out  of 
the  schizolophus  by  the  additional  lobatioD,  or  looping,  of  the  primary 
lobes,  making  a  structure  which  may  be  called  the  ptycholophus. 
Megathyris  and  Lacazella  mediterranea  both  have  4  lobes  (fig.  2(/,  h)', 
Thecidea  radiata  has  G ;  T.  ver- 


micularis  and  Eudesella  may- 
ale  ^  8;  E,  digitatay  10;  Ptero- 
phloios  and  Oldbamina,  about 
20.  Lobation  iu  some  (Theci- 
dea) is  produced  by  the  forking 
orbranching  of  the  median  sep- 
tum; in  others  (Pterophloios) 
the  septum  remains  simple 
while  the  lateral  borders  of 
the  lophophore  are  lobed. 

ZUGOLOPHUS  AND  PLECTOLO- 
PHUS  STAGES. 


Taxoloplius. 


Trocholo])hu8. 


Schizolophus. 


Zugolophus. 


All  the  higher  Terebratu- 
lacea  reach  the  final  growth  of 
the  lophophore  through  an  in- 
termediate stage  which  from  its 
form  may  be  called  the  Zugolo- 
phus— fig.  3d,  i.  Eucala.his 
and  Platidia  (TTropidoleptus) 
are  apparently  adult  represen- 
tatives of  this  stage,  while 
Kraussina  and  probably  Bou- 
chardia  are  slightly  more  ad- 
vanced by  the  growth  of  a  short 
median,  coiled  arm,  and  lead  to 
the  next  highest,  or  plectolo- 
phus,  stage,  in  which  there  is  a  well-developed  spiral  arm  with  a 
fringe  of  cirri  on  each  edge — fig.  3e,  j, 

A  long  loop  pointed  in  front  like  liensselairia  and  Centronella  could 
not  have  supported  a  median  arm,  as  the  pallial  cavity  is  thus  fully 
occupied,  and  the  development  of  the  brachidium  in  the  Terebratellidae 
shows  that  the  central  space  between  the  branches  of  the  loop  is  to 
accommodate  such  an  organ.  The  same  is  doubtless  true  of  Dielasma, 
which  first  has  a  Centronella-like  loop,  and  through  the  subsequent 
resorption  of  the  anterior  portion  the  ascending  branches  are  formed 


Plectolophus. 


Fio.  3.— stages  of  growth  of  the  lophophore  in  the 
TerebratellidiB  and  TerebratiilidH'.  a,  b,  r,  d,  e,  five 
stages  in  the  development  of  the  lophophore  in  the 
Terebratellidas.  a-d,  Terebratalia  obioleta,  enl.  (after 
Beecher ') .  e,  MageUania  kergueUnensit,  nat.  site  (after 
Davidson').  /, g,  A, i,j,  development  of  lophophore  in 
the  Torebratnlidie.  /-i,  early  stages  in  Terebratulina 
$ept4TUrionali9,  enl.  (after  Morse  >■)•  j.  adult  Ter^n^tu- 
Una  eaneellcUa  (after  Davidson '). 
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Fio.  4. — Metamorphoses  of  ibe  bracbidium  in  Didaxma  turgida^  enl. 
(after  Beeoher  and  Scbnohert). 


and  space  allowed  for  the  median  arm — fig.  ^Or-d.  In  a  spire-beariDg 
geuns  like  Zygospira  this  is  more  obvious,  for  here  the  transverse  pro- 
cessor jugum  is  clear- 
ly the  result  of  the 
growth  and  resorp- 
tion of  the  centronel- 
liform  loop  to  admit 
the  spiralia. 

The  calcareous  loop  iu  Terebratullna  and  Liothyrina  is  only  a  posterior 
basal  support,  and  does  not  repeat  the  outline  of  the  cirratetl  margin  of 
the  lophophore,  exclusive  of  the  arm.  Therefore  it  is  impossible  in 
these  and  closely  allied  genera  to  infer  the  stage  of  development  of  the 
]ophophore  from  the  loop  alone.  Dyscolia  is  an  excellent  example,  since 
the  loop  is  the  same  as  in  Terebratullna; 
but  the  lophophores  are  quite  distinct  in 
each,  the  former  being  of  the  trocholophus 
type  and  the  latter  belonging  to  the  plec- 
tolophus. 

SPIROLOPHUS   STAGE. 


Schizolophus. 


Taxolophns. 


Trocholophus. 

The  last  type  to  be  noticed  is  the  one  in 
which  there  are  two  separate  coiled  arms, 
each  with  a  row  of  cirri  on  one  edge  only — 
fig.  5dj  e.  It  embraces  the  greater  part  of 
the  families  of  brachiopods  in  the  orders 
Telotremata  and  Protremata,  and  includes 
all  the  living  species  in  the  orders  Atre- 
mata  and  Neotremata. 

In  the  early  stages  of  development  of 
the  spiral  lophophore  there  is  an  agreement 
with  the  early  stages  of  the  families  already 
noticed,  and  the  taxolophns,  trocholophus, 
and  schizolophus  stages  may  be  deter- 
mined— fig.  5aj  fe,  c.  The  separation  and 
growth  of  the  spiral  arms  seem  to  be  due  to 
the  widening  or  expansion  of  the  median 

lobe  or  tentacle,  on  each   side  of  which  is    Glottidiaandadultl>rachia'^inLingaIa 

the  formative  tissue  for  new  cirri.    This  fndHemithyris    «.6  ..eariystageaof 

lopbophore  of  GloUidta  audebartt^  eul. 
IS  very  apparent  m  the  young  DlSCiniSCa    (after  Brooks).    cl,adultbrachiainLin 

described  by  Muller,"  and  the  Qlottidia  g«i*(aft®r woodward).  «,  adnitbrachia 

,  .,      ,  ,        n        IK  in  ^emit^mpnttoeea  (after  Hancock). 

described  by  Brooks.* 


Spirolophus. 


Fia.  5.— Early  stages  of  lophophore  of 


The  brachidium  in  Zygospira  passes  through  a  series  of  changes 
which  have  been  described  in  detail  elsewhere.*  These  metamorphoses 
are  of  great  assistance  in  understanding  the  development  and  com- 
parative morphology  of  this  feature  in  other  groups  of  the  Spiriferacea. 
The  earliest  stage  observed  (fig.  6a)  has  the  form  of  a  simple  terebratu- 
loid  loop,  which,  from  its  resemblance  to  Centronella,  was  called  the 
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centroneHiform  stage.  Since  approximately  tliiB  form  of  brachidiam 
is  also  characteristic  of  tbe  young  of  recent  terebralaloids,  it  may  be 
taken  in  Zygospira  as  indicative  of  the  trocholophns  stage  of  brachial 
development.  With  this  as  a  starting  point  for  comparison,  the  ftirther 
correlation  of  the  succeeding  stages  is  very  simple. 

The  first  resorption  of  the  end  of  the  loop  in  Zygospira  produced  a 
schizolophuH  condition,  and  further  resorption  carried  the  brachidiam 
to  a  stage  closely  resembling  Dielasma  (fig.  6b).  The  dielasmatiform 
stage  has  already  been  explained  as  due  to  the  requirements  of  space 
for  the  growth  of  the  coiled  bracbia.  Next,  the  initial  calcification  of 
the  spiral  arms  resulted  in  the  extension  of  the  descending  branches 
beyond  the  jugum  (fig.  Go),  and,  lastly,  complete  calcification  manifests 
the  spirolophus  structure  and  produced  the  characteristic  brachidiam 
of  the  Spiriferacea. 

The  Atrypidae  and  the  Athyrida;  seem  to  stand  to  each  other  in  the 
same  relation  as  the  Terebratel- 
lidae  and  Terebratulidse.  In  the 
firstthe  descending  branches  are 
widely  separated  and  follow  the 
edges  of  the  valves;  in  the  sec- 
ond the  descending  branches  are 
close  together.  This  difference 
in  the  Spiriferacea  produces  the 
converging  cones  of  the  Atryp- 
idse  (fig.  6^)  and  the  diverging 
cones  of  the  Athyridae,  Spirifer- 
idse,  Betziidse  (fig.  6e),  etc. 

It  seems  doubtful  whether  the 
fleshy  portions  of  the  brachia  in 
the  MeristellidaB  and  Athyridte 
possessed  additional  characters 
expressing  the  complexity  and  elaboration  reached  by  the  jugal  proc- 
esses, even  when  the  lamellae  were  duplicated,  as  in  Koninckina  and 
Kayseria. 

From  the  above  descriptions  and  illustrations  it  appears  that  the 
mode  of  growth  of  the  cirrated  lophophore,  or  brachia,  is  alike  in  the 
larval  stages  of  all  brachiopods.  They  first  develop  tentacles  in  pairs 
on  each  side  of  the  median  line  in  front  of  the  mouth  (taxolophus 
stage),  ^ew  tentacles  are  continually  added  at  the  same  points,  until, 
by  pushing  back  the  older  ones,  they  form  a  complete  circle  about  the 
mouth  (trocholophns  stage),  later  becoming  introverted  in  front  (schizo- 
lophns  stage).  From  this  common  and  simple  structure  all  the  higher 
types  of  brachial  complication  are  developed  through  one  of  two 
methods:  (1)  The  growing  points  of  the  lophophore,  or  points  at 
which  new  tentacles  are  formed,  remain  in  juxtaposition;  or  (2)  they 
separate.     Complexity  in  the  first  is  produced  (a)  by  lobation,  as  in 


Fio.  6.— MetamorphoMs  of  brachidinin  of  Zygo- 
bpira  and  adult  brachidiam  of  Rhynchospira.  a,  ft,  e, 
d,  metamorphoaea  of  bracbidiiixn  of  Zygospira  reeur- 
virostra,  enl.  (after  B0eoher  and  Sohnchert).  0,  Bra- 
chidiam of  Bhynehotpira  evaa  (after  Beecher  and 
Clarke). 
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Megathyris,  Eudesella,  Pteropliloio8,Thecidea,  etc.  (ptycholopfeus  type), 
and  (b)  by  looping  (zugolophus)  and  the  growth  of  a  median,  unpaired 
coiled  arm  (plectolophus),  as  in  Magellania,  Terebratuliua,  etc. }  in  the 
second  (o)  by  the  growth  of  two,  separate,  coiled  extensions  or  arms, 
one  on  each  side  of  the  median  line  (spirolophus),  as  in  Lingnla, 
Crania,  Discinisca,  Bhynchonella,  Leptasna,  Davidsouia,  Spirifer,  Athy- 
ris,  Atrypa,  etc. 
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CHAPTEK    V. 

CJoASSIFICATION  OF  THE  BRACHIOPODA. 

HISTORICAL. 

Fabias  Golamna,  in  1G16,  and  Martin  Lister,  in  1678.  were  the  first 
to  describe  bracbiopods,  calling  them  Conchas  anomiw.  Grundler,  in 
1774,  was,  however,  the  first  to  give  a  good  illustration  of  a  brachiopod 
in  TerebratuUnacaput'Serpentis^  In  1818  Lamarck  recognized  5  genera, 
inclnding  the  opercnlate  coral  Galceola.  Other  genera  were  added  by 
Sowerby,  Dalman,  and  Defrance,  from  1820  to  1830,  and  in  the  early 
forties  abont  1,500  species  had  been  defined.  In  1849  King  recognized 
49  genera  in  16  families,  and  Bronn,  in  1862,  knew  nearly  2,000  species 
and  51  genera.  At  present  there  are  probably  no  fewer  than  6,000 
species  known  in  321  genera,  grouped  in  31  families,  9  superfamiles,  4 
orders,  and  2  superorders. 

Since  1858  the  class  Brachiopoda  has  been  divided  by  nearly  all  sys- 
tematists  into  two  orders,  based  on  the  presence  or  absence  of  articu- 
lating processes.  These  two  divisions  were  recognized  by  Deshayea  as 
early  as  1835,  but  not  until  twenty-three  years  later  were  the  names 
Lyopomata  and  Arthropomata  given  to  them  by  Owen.  These  terms 
have  been  generally  adopted  by  authors,  though  some  prefer  iTiarticu- 
lata  and  Articulata  of  Huxley,  or  Bronu's  Ecardines  and  Testicardines. 
Bronn,  in  1862,  and  King,  in  1873,  while  retaining  these  divisions,  con- 
sidered the  presence  or  absence  of  an  anal  opening  more  important 
than  articulation,  and  accordingly  proposed  the  terms  Pleuropygia  and 
Apygia,  and  Trententerata  and  Glistenterata,  respectively.  In  many 
Paleozoic  genera  of  Glistenterata  it  has  been  shown  that  an  anal  open- 
ing was  also  present,  and  therefore  the  absence  or  presence  of  this 
organ  is  not  of  superordinal  value.     Beecher  writes :  * 

The  dorsal  boaks  of  Amphigenia,  Athyris,  Cleiothyris,  Atrypa,  aud  Rhynchouella 
are  iisnallj  notched  or  perforate.  The  perforation  comes  from  the  union  of  the  crural 
plates  above  the  floor  of  the  beak  leaving  a  passage  through  to  the  apex.  A  similar 
opening  occnrs  between  the  cardinal  processes  in  Strophomena,  Stropheodonta,  and 
alUed  genera,  and  the  chilidiummay  also  be  furrowed,  as  in  LepUena  rhinnhoidalia.  This 
character  is  evidently  in  no  way  connected  with  the  pedicle  opening,  but  points  to 
the  existence,  in  the  early  articulate  genera,  of  an  anal  opening  dorsal  to  the  axial 
line,  as  in  the  recent  Crania.    This  dorsal  foramen  was  described  and  figured  by  King 

1  Am.  Jonr.  Sci.,  3d  aeries,  Vol.  XLIV,  1892,  p.  147.  See  ftlao  King,  A  Monograph  of  the  Permian 
FoMila  of  England,  1850;  and  (Ehlert,  Fiaoher's  Manuel  de  Conchyllologle,  Appendioe,  1887. 
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hi  1850,  Hall  in  1860,  and  by  soveral  authors  Rince,  and  has  commonly  been  termed  a 
visceral  foramen.  (Ehlert  saggests  that  it  was  probably  occupied  by  tbo  terminal 
portion  of  the  intestine.  The  persistence  of  the  foramen  seems  to  indicate  an  anal 
opening. 

Hall  and  Clarke  state:' 

It  has  become  evident,  from  a  study  of  the  hinge  plate,  that  the  so-called  visceral 
foramen  which  perforates  it,  and  which  is  often  present  in  Athyris,  Rensselieria, 
Cryptonella,  etc.,  is  a  remnant  of  this  aperture,  the  remainder  of  the  median  open- 
ing having  become  filled  by  a  testaceous  secretion.  There  is  every  reason  to  believe 
that  the  visceral  foramen  was  actually  traversed  by  the  lower  alimentary  canal,  and 
if  this  were  true,  then  the  deep  and  narrow  median  chamber  bounded  by  the  cmral 
plates  must  also  have  inclosed  the  terminal  portion  of  the  intestine. 

In  1834  Yon  Bach  also  divided  the  class  into  two  sections,  founded  on 
the  mode  of  attachment.  The  first  section  contained  all  brachiopods 
fixed  by  a  pedicle  to  foreign  bodies,  while  the  second  was  restricted  to 
those  forms  in  which  there  is  no  pedicle  at  matarity,  the  entire  lower 
or  ventral  valve  being  cemented  to  other  objects,  as  in  Crania.  The 
first  section  wan  again  divided  into  three  groups,  on  the  basis  of  the 
pedicle:  (a)  Pedicle  emerging  from  between  the  valves,  as  in  Lingula; 
(b)  ventral  valve  perforated  for  the  protrusion  of  the  pedicle;  and  (c) 
uncemented  shells  without  a  i>edicle  opening.  The  third  group,  how- 
ever, is  identical  with  by  since  Leptcena,  Productus,  and  Strophomena, 
genera  referred  to  section  o,  do  possess  a  pedicle  opening.  While  this 
classification  lacks  a  complete  understanding  of  the  features  in  question, 
it  is  remarkable  that  Yon  Buch  nearly  sixty  years  ago,  and  Deslong- 
champs  twenty-eight  years  later,  recognized  some  of  the  principles  upon 
which  the  classification  of  the  Brachiopoda  is  now  established,  viz,  the 
nature  of  the  pedicle  opening. 

Up  to  1846  the  general  external  features  of  brachiopods  served  the 
majority  of  authors  as  the  essential  basis  for  generic  differentiation. 
In  that  year,  however,  King  pointed  out  that  more  fundamental  and 
constant  characters  exist  in  the  interior  of  the  shell,  a  fact  which  soon 
came  to  be  generally  recognized,  mainly  through  the  voluminous 
writings  of  Thomas  Davidson. 

In  1848  Gray,  probably  stimulated  by  King's  paper,  divided  the 
Brachiopoda  into  two  subclasses,  Ancylopoda  and  HelictopiKla. 
These  divisions  rest  entirely  on  the  basis  of  the  structure  and  the  pres- 
ence or  absence  of  calcareous  supi>orts.  The  Ancylopoda  are  distin- 
guished in  having  the  "oral  arms  recurved  and  affixed  to  fixed 
appendages  on  the  disk  of  the  ventral  [dorsal]  valve,''  while  in  Helic 
topoda  "they  are  regularly  spirally  twisted  when  at  rest.^'  The 
brachia,  however,  in  all  recent  species,  are  recurved  and  more  or  less 
spirally  enrolled,  except  in  some  gerontic  forms  of  loopbearing  genera, 
as  Cistella  and  Gwynia.  Therefore  Helictopoda,  as  far  as  the  brachial 
structure  is  concerned,  will  also  include  the  Ancylopoda.  In  fact, 
to  the  former  Gray  referred  only  the  terebratnloids,  if  Thecidia  is 


•Palajontologj-  of  New  York,  Vol.  VlII,  Part  II,  18»5,  p.  334. 
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excluded,  while  the  Ancylopoda  contained  ail  other  brachiopodB,  both 
articnlate  and  inarticulate  forms.  These  subclasses  are  further 
divided,  on  the  basis  of  the  brachia,  into  four  orders:  Ancylobrachia, 
Grjptobrachia,  Sclerobrachia,  and  Sarcicobrachia.  Of  these  the  first 
only  has  value  i%»  a  superfamily,  since  it  includes  the  *Uoop  bearing" 
genera,  or  Terebratulacea.  The  other  orders  have  so  heterogeneous  an 
assemblage  of  forms  as  to  be  of  no  permanent  value. 

Beyond  the  introduction  of  new  families,  no  further  attempt  was 
made  by  writers  to  divide  the  Brachiopoda  into  other  orders  than 
Lyopomata  and  Arthropomata  until  1883,  when  Waagen  published  his 
great  work  on  the  fossils  of  this  class  from  the  Salt  Bange  group  of 
India.  He  found  it  <^  absolutely  necessary"  to  further  divide  the 
Lyopomata  and  Arthropomata  into  seven  suborders.  The  basis  for 
these  suborders  has  no  underlying  principle  of  general  application,  yet 
the  majority  of  the  divisions  are  of  permanent  value,  for  each  contains 
an  assemblage  of  characters  not  to  be  found  in  any  of  the  others. 
Waagen's  genealogy  of  the  Arthropomata,  with  Orthis  as  the  proto- 
tjrpe,  falls  at  once  to  the  ground,  since  the  comprehensive  studies  of 
the  genus  Orthis  by  Hall  and  Glarke  have  shown  that  it  is  questionable 
<' whether  any  of  these  primordial  forms  can  be  included  under  Orthis 
according  to  the  strict  definition  of  the  term  or  even  under  any  of  the 
subdivisions"^  proposed  by  them.  There  are,  however,  a  few  species 
in  the  Upper  Cambrian  which  seem  to  agree  with  such  dalmanellas  as 
O.  subceqwUa^  but  these  originated  long  after  many  undoubted  Pro- 
tremata  and  Telotremata  had  lived  in  the  Lower  and  Middle  Cambrian. 
Lingula,  on  the  other  hand,  was  usually  regarded  as  the  prototype  of 
all  brachiopods,  but  this  is  also  impossible,  since  a  number  of  inarticu- 
late genera  flourished  for  ages  before  Lingula  was  developed. 

PRINCIPLES   OF  CLASSIFICATION. 

No  classification  can  be  natural  and  permanent  unless  based  on  the 
history  of  the  class  (chrouogenesis)  and  the  ontogeny  of  the  individ- 
ual. However,  as  long  as  the  structure  of  the  early  Paleozoic  genera 
of  Brachiopoda  remained  practically  unknown  and  the  ontogeny 
untouched,  nothing  of  a  permanent  nature  could  be  attempted.  In  the 
recent  volumes  by  Hall  and  Clarke  many  of  these  early  genera  are 
clearly  defined,  so  that  their  structures  and  geologic  sequence  are  now 
far  more  accurately  known.  The  ontogenetic  study  of  Paleozoic  species 
was  initiated  in  1891  by  Beecher  and  Clarke,  and  was  continued  by 
Beecher  and  Schuchert.  These  results,  combined  with  those  derived 
from  the  development  of  some  recent  species,  and  published  by  Kova- 
levsky,  Morse,  Shipley,  Brooks,  Beecher,  and  others,  confirm  the  con- 
clusions reached  through  chrouogenesis.  Moreover,  the  application  by 
Beecher  of  the  law  of  morphogenesis,  as  defined  by  Hyatt,  and  the 


1  PaliBontology  of  New  York,  Vol.  VHI,  Put  1, 1893,  p.  218. 
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recoguition  and  establisbment  of  certain  primary  characters  have 
resulted  in  the  discovery  of  a  fundamental  structure  of  general  appli- 
cation for  the  classification  of  these  organisms.  It  has  for  its  basis 
the  nature  of  the  pedicle  opening  and  the  stages  of  shell  growth.  On 
these  characters  Beecher  has  divided  the  class  into  four  orders — the 
Atremata,  Neotremata,  Protremata,  and  Telotremata.* 

Hall  and  Clarke*  reject  Beecher's  ordinal  terms  Atremata  and  Neo- 
tremata  for  the  subordinal  names  Mesokaulia  and  Daikaulia  of  Waagen, 
on  the  ground  of  priority,  and  because  the  latter  terms  are  '<  an  admira- 
able  expression  of  the  significance  of  the  pedicle  passage."  If  some  of 
Waagen^s  subordinal  terms  are  elevated  to  ordinal  rank  and  amended 
by  Hall  and  Glarke,  then  these  terms  are  no  longer  Waagen's,  but 
should  be  credited  to  Hall  and  Clarke.  Such  being  the  case,  the  law 
of  priority  demands  the  retention  of  Beecher's  terms,  as  they  do  not 
conflict  with  those  of  Waagen  but  with  the  secondary  definition  and 
rank  accorded  them  by  Hall  and  Clarke: 

On  the  other  hand,  Dall  claims^  that  '^  names  of  higher  rank  than  gen- 
era are  not  subject  to  the  rule  of  strict  priority,  on  account  of  the  mutabil- 
ity of  their  limits."  Again,  if  Waagen^s  subordinal  terms  (and  there 
are  seven  of  them)  are  to  be  elevated  to  ordinal  rank— i.  e.,  if  the 
characters  upon  which  they  are  established  are  ordinal  characters — 
then  all  should  be  elevated  alike  in  rank.  Besides  the  two  mentioned 
above.  Hall  and  Clarke  accept  also  Gasteropegmata  and  Helicopegmata. 
The  latter,  however,  they  retain  as  suborders,  and  would  do  likewise 
with  Kampylopegmata  if  Oray's  term  Ancylobrachia  of  earlier  date 
did  not  cover  the  same  group  of  brachiopods;  while  Gasteropegmata, 
having  certainly  no  greater  value  than  a  superfamily,  is  elevated  to  an 
order.  Again,  they  accept  Beecher's  Protremata,  when  Waagen's  sub- 
order Aphaneropegmata  could  as  well  be  raised  to  ordinal  rank  and 
adapted  so  as  to  include  the  former,  since  Waagen  based  the  latter 
upon  families  having  the  diagnostic  character  of  the  Protremata, 
namely,  the  well-developed  deltidium.  However,  a  far  more  important 
reason  why  Waagen's  terms  should  not  be  elevated  to  ordinal  rank 
and  made  to  displace  Beecher's  names  is  that  the  latter  clearly  under- 
stood the  value  of  the  different  ordinal  characters  and  defined  them 
excellently,  which  definitions  are  accepted  by  Hall  and  Clarke.  He 
pointed  out  the  most  primitive  shelled  condition  in  the  proteguluni,  and 
found  this  first  shell-growth  stage  in  all  tbe  important  families  in  the 
class.  He  observed  that  not  the  mere  pedicle  slit  of  the  Daikaulia  is 
the  ordinal  character  for  Neotrem?  ta,  but  the  way  in  which  growth  pro- 
ceeds to  form  this  derived  pedicle  slit  from  the  open  pedicle  notch  of 
primitive  forms.    He  was  the  first  to  interpret  the  true  morphologic 

1  Development  of  the  Bracfaipoda,  Part  I,  Am.  Jour.  Sci.,  3/  series,  VoL  XLI,  1891;  Part  II,  ibid., 
Vol.  XLTV,  1892. 
sPalsontology  ofNew  York,  Vol.  VIH,  Part  II,  snmmary,  1895. 
•Trana.  Wagner  Free  Institute  of  Soienoe.  Phila..  Vol.  Ill,  Part  III,  1895,  p.  565,  Role  XH. 
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meaning  of  the  deltidium  and  deltidial  plates^  and  subseqnently,  from 
the  works  of  others,  chiefly  Kovalevsky,  was  able  to  demonstrate  the 
great  morphologic  significance  of  the  deltidium.  Without  any  injus- 
tice to  the  monumental  work  of  Waagen — ^and  there  is  no  more  careful 
work  on  the  Brachiopoda — it  cau  safely  be  asked,  Were  Waagen's 
suborders  based  on  a  fundamental  morphologic  character  of  general 
imx>ortance  throughout  or  on  ontogeny!  Mesokaulia  and  Daikanlia 
are  the  only  two  of  the  seven  suborders  having,  as  now  understood, 
the  required  ordinal  characters,  and  these  divisions  were  established 
by  Waagen  on  the  form,  general  expression,  and  the  x>osition  of  the 
pedicle,  and  not  on  the  morphologic  development  of  the  pedicle  open- 
ing. Four  of  the  other  five  suborders  are  based  on  superfamily  and 
the  fifth  on  family  characters.  Five  of  Waagen's  seven  suborders, 
therefore,  are  here  retained  as  superfamilies,  and  practically  in  the 
sense  of  their  author. 

Since  orders  are  established  on  the  nature  of  the  pedicle  opening, 
persistent  internal  characters  of  the  shell  are,  as  a  rule,  used  for 
superfamily  purposes.  Such  are  the  absence  or  presence  of  a  spon- 
dylium  (Strophomenacea  and  Pentameracea,  respectively) ;  the  absence 
or  presence  of  calcareous  brachial  supports,  and  their  nature  (crura 
only  in  the  Bhynchonellacea,  loop  in  the  Terebratulacea,  and  spirals  in 
the  Spiriferacea). 

Families  within  the  superfamilies  are  based  upon  a  combination  of 
external  and  internal  generic  characters  common  to  many  genera,  or 
even  to  one  genus.  Such  characters  are:  Outer  form;  nature  and  posi- 
tion of  muscles  (ObolidflB,  Lingulidoe,  etc.);  internal  plates  (Trimercll- 
idaB,  Lingulasmatidie,  Pentameridse) ;  i>eculiaritieH  of  the  cardinal 
process  (Orthidae,  Strophomenidae) ;  imperfection  or  perfection  or  per- 
sistent peculiarities  of  ordinal  and  sui>erfamily  characters  (OrthidsB, 
Trematidee,  Discinid^B,  Siphonotretidae,  etc.);  simplicity  or  complexity 
of  the  jugiim  (Hindellinae,  Diplospirinse,  etc.);  and  occasionally  the 
nature  of  the  shell  structure  (Rhynchospirinse).  When  families  are 
large  it  is  not  rare  to  find  groups  of  genera  having  a  common  origin 
which  have  characters  in  common  but  not  differentiated  suflBciently 
to  introduce  new  characters  of  family  importance.  In  such  cases  it 
is  advisable  to  divide  the  family  into  subfamilies,  which  facilitates 
systematic  review  and  discussion.  Such  is  the  case  in  the  large  fam- 
ilies Strophomenidffi,  Terebratulidae,  Terebratellidse,  Spiriferidae,  and 
Athyridae. 

No  division,  however,  has  any  value  unless  the  group  contains  forms 
of  but  one  phylum.  A  phylum,  or  line  of  descent,  can  not  originate 
twice.  It  happens,  however,  that  the  same  or  nearly  the  same  combi- 
nation of  mature  characters  is  developed  along  different  phyla.  When 
this  occurs  the  ontogeny  will  show  it.  It  is  therefore  not  correct  to 
group  theto  different  stocks  as  belonging  to  one  family.    For  instance. 
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tbe  TrimerellidsB  and  Liugnlasmatidte  have  family  stractures  in  com- 
mon and  were  referred  to  the  same  family.  Ontogeny  and  chronogene- 
sis,  however,  show  that  the  former  family  originated  directly  in  the 
Obolidie,  while  the  latter  was  not  evolved  from  the  lingnloid  phylam 
until  the  OboIidiB  had  given  origin  to  the  Lingnlellidae  and  tbe  Lingn 
lidae.  Again,  the  family  Terebratellidse,  probably  during  early  Mesozoic 
times,  divided,  one  stock  drifting  into  boreal  and  another  into  austral 
regions.  These  two  stocks  agree  in  the  earliest  shelled  condition  and 
at  maturity,  but  between  these  two  stages  of  growth  the  austral  group 
(Magellaninae)  passes  through  a  series  of  loop  metamorphoses  different 
from  that  through  which  the  boreal  group  (Dallinse)  passes.  Therefore 
it  is  unnatural  to  include  both  in  one  subfamily,  as  was  formerly  done. 
It  was  by  the  application  of  the  above-mentioned  principles  that  the 
writer,  in  1893,  arranged  all  brachiopod  genera  under  the  four  orders 
instituted  by  Beecher.  Since  then  this  subject  has  received  consider- 
able attention,  and  the  many  Oambrian  brachiopods  brought  together 
by  Walcott  have  been  examined  as  to  their  generic  structures.  These 
studies  have  led  to  some  changes  in  the  classification  which  follows, 
the  most  important  being  that  the  order  Telotremata  could  not  have 
originated  in  the  PentameriidsB,  since  no  Pentameracea  are  known  in 
the  Oambrian  until  long  after  that  order  had  representation.  The 
divisions  Lyopomata  and  Arthropomata,  introduced  by  Deshayes  and 
Owen,  have  been  abandoned  for  reasons  given  in  previous  pages. 


CLASSIFICATION  AND  SYNONYMY.^ 

Olass  BRACHIOPODA  Ouvier,  1802;  Dumdril,  1 

Spirobranchiophora  Gray,  1821;  Palliobranchiata  Blainville,  1824;  Brancliiopoda 
RissOy  1826  (not  Latreille);  Braohiopodidnd  Broderip,  1839;  Branch ionopoda  Agassi z, 
1847 ;  Brachionocephala  Bronn,  186 J ;  Spirobranchia  Bronn,  1862 ;  Branchionobranchia 
Paetel,  1873. 

Bivalved  Molluscoidea  with  inequivalved,  equilateral  shells  attached 
to  extraneous  objects  by  a  posterior  prolongation  of  the  body,  or  pedi- 
cle, (1)  throughout,  (2)  during  a  portion  of  life,  or  (3)  cemented  ventrally. 
Valves  ventral  and  dorsal.  In  composition,  phosphatic  or  calcareous, 
or  both.  Animal  consisting  of  two  pallial  membranes  intimately  re- 
lated to  the  shell.  Within  the  mantle  cavity  at  the  sides  of  the  mouth 
are  inserted  the  two,  more  or  less  long,  oral,  usually  spirally  enrolled, 
cirrated  brachia,  which  are  variously  modified,  and  are  supported  in 
the  two  terminal  superfamilies  by  an  internal  calcareous  skeleton,  or 
brachidium,  attached  to  the  dorsal  valve.  Anus  present  or  absent. 
Central  nervous  system  consisting  of  an  OBSophageal  ring,  with  weakly 


I  All  naraes  iu  small  type  and  indented  are  aynonynia  of  the  term  in  larger  ty]ie  immediately  pre- 
ceding. 
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developfd  braiu  and  iuiracesopliageal  gaiiglionic  swellings.  Blood- 
vascular  system  probably  present,  with  the  sinases  developed  into  vas- 
cular dilatations  at  the  back  of  the  stomach  and  elsewhere.  Sexes 
separate.  Exclusively  inhabitants  of  the  sea.  The  class  is  i)re8ent 
in  the  Lower  Cumbrian,  attained  maximum  development  in  the  Silu- 
liau  and  Devonian,  and  is  represented  by  about  140  living  si)ecies. 
During  this  time,  probably  upward  of  6,000  fossil  and  recent  si)ecie8 
have  been  developed,  and  these  are  distributed  in  328  genera,  grouped 
in  31  families,  10  superfamilies,  and  4  orders. 

Order  ATREMATA  Beecher,  1891.» 

Mesokaalia,  or  Lingulacea  (partim)  Waagen,  1885. 

Inarticulate  Brachiopoda  with  the  pedicle  emerging  freely  between 
the  two  valves,  the  0|>ening  being  more  or  less  shared  by  both.  Growth 
taking  place  mainly  around  the  anterior  and  lateral  margins,  never 
inclosing  or  surrounding  the  pedicle.  Aperture  unmodified.  Prodel- 
tidium  attached  to  dorsal  valve. 

Superfamily  OBOLACEA  Schuchert,  1890.' 

Bounded  or  semicircular  and  more  or  less  lens-shaped,  thick-shelled, 
primitive  Atremata,  Hxed  by  a  short  pedicle  throughout  life  to  extra- 
neous objects. 

!.=•  Family  PATBRlNIDuE  Schuchert,  1893  (emend.).* 

Obohicea  with  the  dorsal  valve  semicircular  and  the  ventral  sub- 
circular  in  outline.  Posterior  region  more  or  less  closed  by  cardinal 
areas. 

Iphidea  Billings,  1872. 
Paterina  Beecher,  1891. 


Volborthia  von  Moller,  1873. 


2.  Family  OBOLID^  King,  1846. 
OboliniB  GiU,  1871. 

Thick-shelled  Obolacea  of  nearly  circular  or  ovoid  outline,  biconvex, 
usually  smooth,  with  rudimentary  cardinal  areas  traversed  by  siiallow 

■  Since  in  tbia  clamiflcation  no  superordinal  terms  we  for  the  present  adopted,  H  will  be  well  to  give 
here  all  hucIi  terms  used  by  authors  sad  others  which  are  of  lower  rank  and  not  readily  rei'erred  as 
synonyms  to  their  proper  places: 

AncylobmchJa  Ancylopoda,  Hellctopoda,  Saroicobraohia  Gray,  1848;  Lyopomata  and  Arthropo* 
luata  Owen,  1858;  Pleuropygia,  Sarcioobranchiona,  Sclerobranchiona  Bronn,  1862;  Articnlata  and 
Inarticulata  Huxley,  1864;  Clistenterata  and  Tretenterata  Kinf(.  1873. 

>Text  book  of  Paleontology,  by  Zittel  and  Eastman,  1896,  p.  305.    Also  see  page  78  of  this  bulletin. 

'The  numbers  and  letters  before  a  family  or  subfamily  term  indicate  the  phyletic  relations  which 
these  have  to  one  another  within  a  superfamily.  The  phylogeny  of  the  families,  however,  is  more 
clearly  represented  in  the  diagram  on  PI.  I,  facing  p.  134. 

*  Recent  discoTerles  have  shown  that  Iphidea  has  no  pedicle  opening,  and  should  include  forms 
referred  to  Paterina.  Therefore  this  family  is  of  doubtful  value,  and  is  provisionally  retained  for  the 
reception  of  genera  more  primitive  in  structure  than  those  of  the  Obolidn. 
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pedicle  grooves.    Muscalar  scars  distinct,  consisting  of  two  paira  of 
adductors  and  three  of  sliders,  or  adjastors. 


Acritis  Volborth,  1869. 
Schmidtia  Volborth,  1869  ( not  Bals- 

Criv.,  1863). 
Thysanotos  Mickwitz,  1896. 
Leptembolon  Mickwitz,  1896. 


Obolella  Billings,  1861. 

Dicellomus  Hall,  1871. 
Elkania  Ford,  1886. 

BillingBia  Ford,  1886. 
Neobolus  Waagen,  1885. 
Botttfordia  Matthew,  1893. 
tSpondyloboIus  McCoy,  1852. 
Obolus  Eichwald,  1829. 

Ungula  Pander,  1830. 
UDgolites  Bronn,  1848. 
Aulontreta  Kutorga,  1848. 
Euobolus  Mickwitz,  1896. 


3.  Family  TRIMERELLID^  Davidson  and  King,  1874. 

Large,  thick-shelled,  inequivalved  Obolacea,  with  the  ventral  cardi- 
nal area  usually  very  prominent,  triangular,  and  transversely  striated. 
Adjusters  and  anterior  adductor  muscles  elevated  upon  solid  or  deeply 
excavated  platforms,  or  spondylia. 


TLakmina  (Ehlert,  1887. 

Davidsonella  Waagen,  1885  (not  Mu- 
nier-Chalmas,  1880). 

Lingulobolas  Matthew,  1896. 
Sphaerobolus  Matthew,  1896. 
Dinobolus  Hall,  1871. 

Conradia  HaU,  MS.,  1862. 
Obolellina  Billings,  1871. 
UugulitesQuenstedt,  1871(nut  Bronn, 

1848). 


Monomorella  Billings,  1871. 
Trimerella  Billings,  1862. 

Ootlandia  DaU,  1870. 
Rhinobolus  Hall,  1874. 


Superfamily  LIHOULAGEA  Waagen,  1885  (restricted).^ 

Elongate,  thin-shelled,  burrowing,  derived  Atremata,  with  a  more  or 
less  long,  worm  like,  tubular,  flexible  i)edicle. 

1.  Family  LINGULELLID^  Schuchert,  1893. 

Spatulate,  inequi  val  ved  Lingnlacea,  structurally  intermediate  between 
the  ObolidiB  and  Lingulidie. 

Lingulella  Salter,  1866. 
Lingulepis  Hall,  1863. 
Leptobolus  Hall,  1871. 


fPaterula  Barrande,  1879. 

^  CyoluB  Barrande,  1879. 
TMickwitzia  Schmidt,  1888. 


1  Waagon's  term  Mesokanlia,  or  Lin^^Qlacea,  is  based  apon  the  families  Obolid»,  TrimereUldeB,  and 
Lingalidte.  Since  this  term  has  valae,  and  to  avoid  proposing  another,  Lingulacea  is  here  restricted 
to  the  latter  family  and  two  others  recently  proposed.  Waagen  in  using  this  term  gave  a  dual  series ; 
the  second  one  is  here  adopted  to  conform  in  euphony  with  other  superfamily  terms. 
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2.  Family  LINGULID^  Gray,  1840. 
Lingulidte  Gill,  1871. 

Atteuaate,  subqaadrate  or  spatulate,  almost  eqnivalved  Lingnlacea, 
derived  throagli  Lingalellidije,  with  a  more  or  less  long,  tubalar,  flexible 
pedicle.  Mascles  highly  dififerentiated  and  consisting  of  six  pairs,  two 
of  adductors,  and  four  of  sliders,  or  a^justors. 


Lingula  Bruguiere,  1792. 

Pharetra  Bolton,  1798. 
Lingiilarius  Dum6ril)  1806. 

Glossina  PhUlips,  1848. 


Dignomia  Hall,  1871. 
Glottidia  Dall,  1870. 
Barroisella  Hall  and  Clarke,  1892. 
Tomasina  Hall  and  Clarke,  1892. 


3.  Family  LINGULASMATIDxE  Winchell  and  Schuchert,  1893. 
Platform-beariug  Liugulacoa  derived  through  Lingulidse. 


Liugulops  Hall,  1871. 


Lingnlasma  Ulrich,  1889. 
Lingnlelaama  Miller,  1889. 


Order  TELOTREMATA  Beecher,  1891. 

Sclerobrachia  Gray,  1848;  Kampylopegmata  (partim)  Waagen,  1883;  Pegmatobran- 
ohiata  (partim)  Nemnayr,  1883. 

Articulate  Brachiopoda,  with  the  pedicle  opening  shared  by  both 
valves  in  nepionic  and  early  neanic  stages,  usually  confined  to  one 
valve  in  later  stages,  and  becoming  more  or  less  modified  by  deltidial 
plates  in  ephebic  stages.  Brachia  supported  by  calcareous  crura, 
loops,  or  spiralia.     Prodeltidium  absent. 


Superfamily  EHTVCHOHELLACEA  Schuchert,  1896.* 
Rostracea  Schuchert,  1893 ;  Ancistropegmata  (partim)  Zittel,  1896. 
Rostrate,  primitive  Telotremata,  with  or  without  crura. 

1.  Family  PROTORHYNCHIDiE  Schuchert,  1896.^ 
Primitive  Ehynchouellacea,  without  deltidial  plates  or  crura. 
Protorhyncha  Hall  and  Clarke,  1893. 

2.  Family  RHYNCHONELLID^  Gray,  1848. 

Hypothyridje  (partim)  King,  1850;  RhynchonelliniB  Gill,  1871;  Waagen,  1883. 
Bhynchonellacea  with  more  or  less  long  crura. 


>  Text-book  of  Paleontology,  by  Zittel  and  Fowtman,  1896,  p.  328. 
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Orthorhynchula  Hall  and  Clarke, 

1893. 
Ehyuchotrema  Hall,  1860. 

StenocbUma  Conrad,  1839;  Hall^SBT. 
Rhyncbotrota  Hall,  1879. 
CamarotcBchia  Hall   and  Clarke, 
1893. 

Plethorhynchus    Hall    anil    Clarko, 
1893. 
Leiorhyncbus  Hall,  1860. 
Wilsoiiia  Kayser,  1871. 

Unciunlina  Bayle,  1878. 
Uiiciuulus  Bayle,  1878. 
Hypothyris  King,  1846  (not  Pbil- 

lip8,1841). 
Pugnax  Hall  and  Clarke,  1893. 
Eatonia  Hall,  1857. 
Cyclorbina  Hall  and  Clarke,  1893. 
Ehycbopora  King,  1856. 

Rhynchoporina  (Ehlert,  1887. 


Terebratuloidea  Waagen,  1883. 
libyncbonella  Fisberde  Waldbeim, 
1809. 

Oxyrbynchus  Llhwyd,  1699  (not  Aria- 
totle). 

Rhyngonella  Bronn,  1849. 

Bi comes  Quensteclt,  1851. 

Rhynchonellnpsis  Bose,  1894. 
Halorella  Bittner,  1890. 
Aastriella  Bittner,  1890. 
Norella  Bittner,  1890. 
Peregrinella  (Eblert,  1887. 
Bbyncbonellina  Genimelaro,  1871. 
Dimerella  Zittel,  1870. 
Acantbothyris  d'Orbiguy,  1850. 
Hemithyris  d'Orbigny,  1847. 
Frieleia  Dall,  1895. 
Cryptopora  Jeffreys,  1869. 

Atretia  Jeffreys,  1876. 

Neatretia  (EUert,  1891. 


Superfamily  TEREBRATULACEA  Waagen,1883(restricted).i 

Ancylopoila,  Cryptobracbia,  aucl  Ancylobracbia  (partim)  Gray,  1848;  Kampylopeg- 
mata  Waagen,  1883;  Ancylopegmata  Zittel,  1895. 

Derived  Telotremata  witb  tbe  bracbia  supported  by  calcareoas, 
primitive,  or  metamorpbosed  loops. 

Section  A.  TEREBRATULA. 

Terebratulacea  witb  tbe  loops  unsapported  by  a  median  dorsal 
septum  at  any  stage  of  growtb.  Bracbial  cirri  directed  outward  in 
larval  stages. 

1.  Family  CENTKONELLID^  Hall  and  Clarke,  1895.* 

Centronelliniv  Waagen,  1882;  Beecher,  1893;  Renssolserida}  Hall  and  Clarke,  1895. 

Terebratulas  witb  tbe  loop  developing  direct  and  conipose<l  of  two 
descending  lamellae,  uniting  in  tbe  median  line  and  forming  a  broad, 
arcbed  plate. 


1  TerebratulaoeA  Waagen  is  used  here  in  preference  ta  Ancylobracbia  Gray,  in  violation  ol  tbe  law 
of  priority,  for  tlio  sake  of  eupbony. 

' Since  Beecher'8  "Revision  of  the  families  of  loop-bearing  Brachiopoda"  (Trans.  Conn.  Acad., 
Vol.  IX,  1893),  it  has  been  shown  by  Beecher  and  Schucbert  (Proc.  Biol.  Soc.  Washington,  Vol.  VI II, 
1893)  that  the  loop  in  tbe  family  Tcrebratulida),  as  limited  in  the  former  paper,  does  in  part  pass 
tbroogh  a  short  scries  of  metamorphoses.  This  ne<;essitates  the  removal  of  Ccntronellinie  froxatlie 
family  Terebratulidse,  since  its  loops  remain  essentially  without  change  throughout  growth. 
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E«nssel2eria  Hall,  1859. 
Beachia  Hall  and  Clarke,  1893. 
Newberria  Hall,  1891. 

Rensselandia  Hall,  1H67. 
Oriskania  Hall  and  Clarke,  1893. 
Trigeria  (Bayle,  18761)  Hall  and 

Clarke,  1893. 
fScaphiocoBlia  Whitfield,  1891. 
Centronella  Billings,  1859. 

Cryptonella  Hall,  1863  (not  1861  and 
1807). 


Chascothyris  Holzapfel,  1895. 
Selenella  Hall  and  Clarke,  1893. 
Bomiugerina    Hall    and    Clarke, 

1893. 
Javavella  Bittner,  1888. 
Javavellina  Bittner,  189G. 
Nncleatula    (Zngmayer)    Bittner, 

1890. 
Dinarella  Bittner,  1892. 
tLissoplenra  Whitfield,  1896. 


2.  Family  TEEEBBATULID^  Gray,  1840. 

Terebratnlas  developing  originally  a  Centronella-like  loop,  and  thence 
by  a  short  series  of  metamorphoses  resulting  at  maturity  in  a  free  loop 
of  varying  form. 

Subfamily  Btbingooephaltnje  Dall,  1870. 

Strintrocephalidw  King,  1860;  Davidson,  1853. 

TerebratulidfT  with  a  "long  loop,  following  the  margin  of  the  dorsal 
valve,  not  recurved   in  front.    Probably  no  median    coiled  arm" 

(Beecher).* 

Stringocephalus  Defrance.  1827. 

2a.  Snbfamily  MEaAXANTEBlNJE  Waagen,  1882. 
Terebratulidte  with  a  long  loop  having  ascending  branches. 


Megalanteris  (Ehlert,  1887. 

Meganteris  Sness,  1855. 

fCryptacanthia   White   and    St. 
John,  1868. 


Cryptonella  Hall  (1861  T),  1867. 
Harttina  Hall  and  Clarke,  1893. 


2a\  Subfamily  Tebebbatulinjb  Dall,  1870. 

"A  median  unpaired  coiled  arm 


TerebratulidaB  with  a  short  loop, 
exists  in  recent  genera"  (Beecher). 

Eunella  Hall  and  Clarke,  1893. 
Cransena  Hall  and  Clarke,  1893. 
Dielasma  King,  1859. 

Epithyris  King,  1850  (not  PhUlips, 

1841).  j 

Seminnla  McCoy,  1865  (not  1844).        | 


Dielasmina  Waagen,  1882. 
Notothyris  Waagen,  1882. 
Zugmeyeria  Waagen,  1882. 
Dictyothyris  Douvill^,  1880. 
Glossothyris  Douvill^,  1880. 
Pygope  Link,  1830. 


'The  ontogenetic  history  of  Strlngooephalas  is  not  known.  Its  matore  loop,  however,  is  so 
different  fttnn  that  of  the  CentionellidiD  that  it  appears  probable  that  this  appendage  ])assed  through 
a  short  a«riea  ot  ohaagea,  and  therefore  the  reference  of  this  snbfamily  to  the  Terebratnlidn. 
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Epithyris  DeBlougchampSy  1862  (not 

King,  1848). 
Gryphus  Megerle,  1811  (not  Brisson, 

1760). 
Liothyris  Douvillc,  1880  (not  Connd, 
1875). 
TerebratuliDa  d'Obigny,  1847. 
TDisculiua  Deslongchamps,  1884. 


Beecheria  Hall  aud  Glarke,  1893.     j  Propygope  Bittner,  1890. 
Heniiptychina  Waagen,  1882.  Liothyrina  (Ehlert,  1887. 

Bhtetina  Waagen,  1882. 
Torebratula  Klein,  1753. 

Terebratula  Lihwyd,  1699. 

Sacculus  Llhwyd,  1699. 

LampAs  Mensohen,  1787. 

Terebratnlarins  Dnm^ril,  1806. 

Nucleata  Qneustodt,  1871. 

Mnsculus  Qnenstedt,  1871  (not  Klein, 
1753). 

DiphyiteB  Schroter,  1799. 

Pugites  de  Hann,  1833. 

Antinomia  Catnllo,  1850. 

2a^  Subfamily  Discoliin^  Beecher,  1893. 

DiscoliidsD  Fischer  and  (Ehlert,  1892. 

Terebratalidae  with  the  "loop  short  and  continuous  with  the  cirrated 
edge  of  the  lophophore.    No  coiled  median  arm''  (Beecher). 

Discolia  Fischer  and  GEhlert,  1890.     lAgulhasia  King,  1871. 
Eucalathis   Fischer  and  CEhlert, 
1890.  ' 

Section  B.  TEREBRATELLA. 

Terebratulacea  with  the  loop  supported  by  a  median  dorsal  septum 
throughout  life,  or  only  in  the  younger  stages.  Brachial  cirri  directed 
inward  during  larval  stages.  This  section  has  two  phyla  having  a  com- 
mon origin  now  geographically  separated  in  two  provinces,  one  austral, 
the  other  boreal. 


1.  Family  TBREBRATELLIDiE  King,  1850  (emend  Beecher,  1893). 
WaldheimidiB  Donyill^,  1880;  WaldheimiiniB  Waagen,  1882. 

Terebratulacea  with  the  "loop  in  the  higher  genera  composed  of  two 
primary  and  two  secondary  lamellae,  passing  through  a  series  of  distinct 
metamorphoses  while  attached  to  a  dorsal  septum"  (Beecher). 

1.  Subfamily  TROPiDOLEPTim^  Schuchert,  1896. ' 

Terebratellidii"  with  the  loop  consisting  of  two  slender  descending 
branches,  uniting  with  a  high,  vertical  septum.  Apparently  the 
ancestral  stock  for  the  Terebratellida^. 


Tropidoleptus  Hall,  1859. 


1  Text-book  of  Paleontology,  by  Ziltel  and  Eastman,  1896,  p.  330. 
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la.  Subfamily  Megathybin^  Dall,  1870  (emend  Beecher,  1893). 

Argiopidse  King,  1850;  Megatbyhdae  CEhlert,  1887 ;  Argiopidu)  Davidaon,  1884 ;  Argi- 

opinie  DayidsoD,  1887. 

Terobratellidae  in  which  the  '^loop  is  composed  of  descending  branches 
ou]3',  passing  in  the  highest  genns  throngh  stages  correlative  with 
Gwynia,  Gistella,  and  Megathyris.  The  lower  genera  do  not  complete 
the  series ^^  (Beecher).  The  original  stock  for  the  two  following  sub- 
families: 


Megathyris  d'Orbigny,  1847. 

Argiope  DesloDgchamps,  1842  (not 
Savigny  and  Audouin,  1827). 

Zellania  Moore,  1854. 


Gwynia  King,  1859. 
Gistella  Gray,  1850. 


la».  Subfamily  Dallin^  Beecher,  1893.' 
PlatidiinsB  DaU^  1870. 

TerebratellidsB  with  the  <'  loop  composed  of  descending  and  ascend- 
ing lamellse,  passing  in  the  highest  genera  through  metamorphoses 
comparable  to  the  adult  structure  of  Platidia,  Ismenia,  Miihlfeldtia, 
Terebratalia,  and  Ballina.  The  lower  genera,  therefore,  do  not  pro- 
gress to  the  final  stages"  (Beecher).  Becent  genera  restricted  to 
boreal  seas. 


Dallina  Beecher,  1893. 
Macandrevia  King,  1859. 
Terebratalia  Beecher,  1893. 
Lacqueus  Dall,  1870. 

Frenula  DaU,  1871. 
Frenulina  Dall,  1895. 
Muhlfeldtia  Bayle,  1880. 

Megerlia  King,  1850  (not  Robineau 
Deevoidy,  1830). 
Platidia  Costa,  1852. 

Morrisia  Davidson ,  1852. 
Ismenia    King,  1850    (not    Dall, 

1871). 
Kingena  Davidson,  1852. 

Kingia  Schoenbach,  1867. 
Trigonosemus  Koenig,  1825. 

Fissnrirostra  d'Orbigny,  1847. 

Fissirostra  d'Orbigny,  1847. 

Delthyridea  King,  1850. 
Lyra  Cumberland,  1816. 

Terebrirostra  d'Orbigny,  1847. 


Eudesia  King,  1850. 

Orthotoma  Qaenstedt,  1871. 

Trigonella  Quenstedt,  1871. 

Flabellothyris  DeslongchampB,  1884. 
Zeilleria  Bayle,  1878. 
Fimbriothyris        Deslongchamps, 

1884. 
Microthyris  Deslongchamps,  1884. 

Ornitbella  Dealongchamps,  1884. 
Aulacothyris  Douvill6, 1880. 
Camerothyris  Bittner,  1890. 
Epicyrta  Deslongchamps,  1884. 
Cincta  Quenstedt,  1871. 
Antiptychina  Zittel,  1883. 
Plesiothyris  Douvill^,  1880. 
IHynniphoria  Suess,  1858. 
fCruratula  Bittner,  1890. 
fOrthoidea  Friren,  1875. 


>  Since  many  of  the  fossil  genera  here  referred  to  this  family  have  not  been  studied  in  the  light  of 
Beecher'8  and  GBhlert's  recent  reeearobee,  it  is  not  knoim  that  all  belong  to  this  boreal  stock. 
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la^  Subfamily  Magellanin^  Beecher,  1893. 

WaldheimidflB  (partim)  DouvUl^,  1880;  TerebrateHinte  and  Maga^inte  Davidson, 
1887;  Mac^asidte  (partim)  d'Orbigny,  1847;  King,  1850;  Rhyncborido)  (partim) 
King,  1850;  Miihlfeldtiuje  (Ehlert,  1887;  Krausainime  Dall,  1870;  Kranssidae 
DavidBon,  1870. 

Terebratellidie  with  the  '<  loop  composed  of  descending  and  ascend- 
ing branches,  passing  in  the  higher  genera  through  metamorphoses 
comparable  to  the  adult  structure  of  Bouchardia,  Magas,  Magasella, 
Terebratella,  and  Magellania.  The  lower  genera  become  adult  before 
reaching  the  terminal  stages  "  (Beecher).  Recent  genera  are  restri  ted 
to  austral  seas. 


Magellania  Bayle,  1880. 

Waldheimia  King,  18r>0  (not  BruUe, 
1846). 

Neothyris  Douvilli^,  1880. 
Terebratella  d'Orbigny  1847. 

Delthyris  Menke,  1830  (not  Dalman, 
1828). 

Ismenia  King,  1850  (not  DaH,  1870). 

Waltonia  Davidson,  1850. 
Magasella  Dall,  1870. 
Rhynchoriua  CEhlei  t,  1887. 


Magas  Sowerby,  1816. 
Megerlina  Deslongchamps,  1884. 
Bouchardia  Davidson,  1849. 

Pachyrhynchus  King,  1850. 
Kraussina  Davidson,  1859. 

Krauasia  Davidson,  1852  ( not  Dana, 
1852). 
Coenothyris  DouvilM,  1880. 
Mannia  Dewalque,  1874. 
t  Ehynchora  Dalman,  1828. 


Superfamily  SPIBIFERACEA  Waagen,  1883. 
Helicopegmata  Waagen,  1883. 

Telotremata  with  the  adult  brachia  supported  by  calcareous  spiral 
lamellae  or  spiralia. 

1.  Family  ATRYPID^  Gill,  1871. 
Atrypidss  Dall,  1877. 

Spiriferacea  with  the  crura  directly  continuous  with  the  primary 
lamellic,  which  diverge  widely  and  have  the  spiral  cones  between  them. 
Jugum  simple,  complete  or  incomplete. 

la.  Subfamily  Zygospibin^  Waagen,  1883. 

AnazygidsB  Davidson,  1884;  ZygospiridaB  Kali  and  Clarke,  1895. 

Atrypida?  with  a  simple  jugum  either  posteriorly  or  anteriorly 
directed.    Spiralia  with  their  apices  toward  the  median  dorsal  region. 


Zygospira  Hall,  1862. 

Stenocisma  Hall,  1864  (not  Conrad, 

1839;  Hall,  1867). 
Auazyga  Davidson,  1882. 
Orthonomtea  Hall,  1858. 
Hallina   Wincheli    and    Schachert, 

1892. 
Protozyga  Hall  and  Clarke,  1893. 


Gatazyga  Hall  and  Clarke,  1893. 
Atrypina  Hall  and  Clarke,  1893. 
Glassia  Davidson,  1882. 
fClintonellaHall  and  Clarke,  1893. 
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Sabfamily  Dayin^b  Waagen,  18S3. 

Atrypidie  with  tbe  ju<rani  drawn  oat  posteriorly  into  a  simple  short 
process.    Spiralia  laterally  directed. 

Dayia  Davidson,  1882. 

la\  Subfamily  ATRYPiNiK  Waagen,  1883. 

Atrypidae  with  the  jugmn  sitaated  extremely  posterior,  complete  in 
yonng  stages,  bnt  at  maturity  discontinuous.  Spiralia  dorso-meilially 
directed. 

Atrypa  Dalman,  1828.  I  Gruenewaldtia      Tschernyschew, 

Cleiothyris  Phillips,  1841  (not  King,  ^ggr^ 

1830) 
Spirigerina  d^Orbigny,  1874.  i  ^KarpinskyaTschernyschew,  1885. 

2.  Family  SPIRIPERIDJS  King,  1846  (emend  Davidson). 

Martiniinm  and  Reticnlariinas  Waagen,  1883;  Spirlferinidw  Davidson,  1884. 

Spiriferacea  with  the  crura  directly  continuous  with  the  bases  of  the 
primary  lamellae,  which  are  situated  between  the  laterally  directed 
spiralia.    Jugnni  simple,  complete  or  incomplete. 

2a.  Subfamily  Suessiin.%  Waagen,  1883. 

Spiriferidae  with  the  jugum  continuous  and  more  or  less  V-shai^ed. 
Shell  structure  punctate. 


Spiriferina  d'Orbigny,  1847. 
Suessia  Deslongchamps,  1854. 


Cyrtina  Davidson,  1858. 
TheocyrtellaBittner,  1892. 

Cyrtotheoa  Bittner,  1890(not  Salter). 

Subfamily  XJncitin-E  Waagen,  1883. 

Spiriferidse  ( ?)  with  the  jugum  as  in  Suoasiinse.  Just  within  the 
posterior  margin  of  the  dorsal  valve  are  pouch-like  plates.  Deltidial 
plates  united,  deeply  concave.    Subfamily  anomalous. 

Uncites  Defrance,  1825.  |  tUnciuella  Waagen,  1883. 

2b.  Subfamily  Tbioonotbbtin^  Scrhuchert,  1893. 

Delthyrinm  (partim)  Waagen,  1883. 

Spiriferida^  with  the  jugum  at  maturity  discontinuous,  represented 
by  two  short  jugal  ]>rocesses,  one  attached  to  each  primary  lamella. 

tCyclospira  Hall  and  Clarke,  1893.    Syringothyris  Winchell,  18f>3. 
Spirifer  Sowerby,  1815.  \         Spinfer  Meek  and  Hayden,  1864. 

Chori8tite8Fi8herdeWaldheim,1825.  '  Delthyris  Dalman,  1828. 

Trigonotreta  Koeuig,  1825;  Meek  aiid    Martinia  McCoy,  1844. 
Hayden,  1864. 

Spiriferos  BlaiuTille,  1827. 

Spirifera  J.  de  C.  Sowerby,  1835. 

Brachythyris  McCoy,  1844. 

Fnsella  McCoy,  1844. 

Hystorolithns  Qnenstedt,  1871. 

Cyrtia  Dalman,  1828. 


Martiniopsis  Waagen,  1883. 
Mentzelia  Quenstedt,  1871. 
Ambocoelia  Hall,  1860. 
Keticularia  McCoy,  1844. 
Yerneuilia  Hall  and  Clarke,  1893. 
?  Metaplasia  Hall  and  Clarke,  1893. 
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3.  Family  ATHTBIDJB  PhiUips,  1841. 

Nuoleoapiridie  Davidson,  1882;  KoninokinidsD  Davidson,  1853. 

Spiriferacea  with  the  bases  of  the  primary  lamellae  situated  between 
the  spiralia,  and  sharply  recarved  dorsally  at  their  junction  with  the 
crura.  Spiralia  more  or  less  laterally  directed.  Jug^m  complete, 
V-shaped,  with  the  apex  drawn  out  into  a  simple,  bifurcated,  or  other- 
wise modified  process. 

3a.  Subfamily  Bhynohospibin^  Schuchert,  1894 
Retziinsd  Waagen,  1883 ;  Ketziidie  and  RhynchospiridiB  Hall  and  Clarke,  1895. 

AthyridfB  with  the  single  process  of  the  jugum  commonly  recurved, 
but  sometimes  bifurcated.    Shell  structure  distinctly  punctate. 


Homceospira  Hall  and  Clarke,  1893. 
Bhynchospira  Hall,  1859. 
Ptychospira  Hall  and  Clarke,  1893. 
Eumetria  Hall,  1864. 
Trematospira  Hall,  1857. 


Parazyga  Hall  and  Clarke,  1893. 
Acambona  Whit«,  1862. 
Hustedia  Hall  and  Clarke,  1893. 
Betzia  King,  1850. 
Trigeria  Bayle,  1878. 


3».  Subfamily  HiNDELLiNJa  Schuchert,  1894. 

CffilospiridaB  and  Nucleospiridie  Hall  and  Clarke,  1895. 

AthyridsB  in  which  the  jugum  has  a  single  process  which  may  be  sim- 
ple, or  it  articulates  in  a  ventral  septal  socket,  and  sometimes  (raiely) 
is  sharply  recurved  terminally.    Shell  structure  impunctate. 

r  Hindella  Davidson,  1882.  I  Anoplotheca  Sandberger,  1856. 

\  Whitfieldella  Hall  and  Clarke,  Bifida  Davidson,  1882. 

CoBlospira  Hall,  1863. 

LeptocGBlia  HaU,  1857, 1859. 

Yitulina  Hall,  1860. 


C     1893. 

Meri^tina  Davidson,  1882  (not  Hall, 
1867). 

Nucleospira  Hall,  1858. 
Hyattella  Hall  and  Clarke,  1893. 


? Anabia  Clarke,  1893. 


3\  Subfamily  ATHYBiNiES  Waagen,  1883. 

Athyridae  in  which  the  single  process  of  the  jugum  bifurcates.  The 
branches  may  or  may  not  terminate  between  the  first  and  second 
volutions  of  the  spiralia. 


Meristina  Hall,  1867. 

Athyris  Davidson,  1853  (not  McCoy, 

1844). 
Whitfieldia  Davidson,  1882. 

Olassina  Hall  and  Clarke,  1893. 
Athyris  McCoy,  1844. 

Spirigera  d'Orbigny,  1847. 
Euthyris  Qnensteilt,  1871. 

Actinoconchus  McCoy,  1844. 
Torynifer  Hall  and  Clarke,  1895. 


Cleiothyris  King,  1840  (not  Phil- 
lips, 1841). 
Seminula  McCoy,  1844. 
Spirigerella  Waagen,  1883. 
Anomactinella  Bittner,  1890. 
Pomatospirella  Bittner,  1892. 
Amphitomella  Bittner,  1890. 
Tetractinella  Bittner,  1890. 
Plicigera  Bittner,  1890. 

Pentactinella  Bittner,  1890. 

Digitized  by  VjOOQIC 


8CBDCHIBT.] 


CLASSIFICATION  OF  NEOTREMATA. 


129 


3«.  Subfamily  Diplospibinje  Schnchert^  1894. 

Athjridffi  (partim)  Hall  and  Clarke,  1896. 

AtbyridaB  with  the  jugal  biftircations  very  long,  lying  between  the 
volutions  of  the  spiralia,  and  <K)ntiuning  with  these  to  their  outer  ends. 
Sometimes  there  is  an  additional  jugal  process  which  articulates  with 
the  ventral  valve,  or  recurves  and  joins  the  jugum. 


Kayseria  Davidson,  1882. 
Diplospirella  Bittner,  1890. 
Euractinella  Bittner,  1890. 


Pexidella  Bittner,  1890. 
Anisactinella  Bittner,  1890. 
f  Didymospira  Salomon. 


3^\  Subfamily  Koninkininje  Waagen,  1883. 

KoninckinidfB  Davidsou,  1853;  AmphiclininiB  Waagen,  1883;  Diplospidse  and 
DiplospiridiB  Manier-Chalmas,  1880. 

AtbyridaB  with  jugum  and  spiralia  essentially  as  in  DiplospiridsB. 
The  spiralia  in  KoniuckininsB,  however,  are  not  laterally  directed  as  in 
the  former  group,  but  point  ventrally,  this  being  due  to  the  concave 
form  of  the  dorsal  shell. 


Koninckina  Suess,  1853. 
Amphicliua  Laube,  1865. 
Koninckella  M.-Ghalmas,  1880. 


Koninckodonta  Bittner,  1893. 
TThecospira  Zugmeyer,  1880. 
TAmphicliuodonta  Bittner,  1890. 


3»*.  Subfamily  MEBiSTELLiNiE  Waagen,  1883. 

Meristenidffi  HaU  and  Clarke,  1885. 

AthyridsB  in  which  the  jugal  bifiircations  do  not  enter  the  spiralia, 
but  recurve  and  join  near  their  origin. 


Meristella  Hall,  1860. 
Gharionella  Billings,  1861. 
fPentagonia  Cozzens,  1846. 

GonioccBlia  Uall,  1861. 
Dicamara  Hall  and  Clarke,  1893. 


Merista  Suess,  1851. 

Camarinm  Hall,  1859. 
Dioristella  Bittner,  1890. 
tCamarospira  Hall  and  Clarke, 
1893. 


Order  NEOTREMATA  Beecher,  1891. 

Circular  or  oval,  more  or  less  cone-shaped,  inarticulate  Brachiopoda, 
with  the  pedicle  opening  restricted  throughout  life  to  the  ventral  valve. 
Pedicle  aperture  modified  by  a  deltidium  or  listrium.  Prodeltidium 
attached  to  the  ventral  valve. 

Superfamily  ACEOTRETACEA  Schuchert,  1896.^ 

Daikanlia  (partim)  Waagen,  1885;  Diacaulia  Hall  and  Clarke,  1895. 

Neotremata  with  phosphatic  shells  and  a  more  or  less  well-developed 
pseudodeltidium.    Dorsal  protegulum  marginal. 

1  Text-book  of  Paleontology,  by  Zittel  and  Eastman,  1896,  p.  308. 
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1.  Family  ACROTRETID.®  Sclmchert,  1803. 
Acrotretacea  with  the  pedicle  opening  posterior  to  the  protegnlum. 


Acrothele  Linnarsson,  1876. 
Linnarssonia  Walcott,  1885. 
Discinopsis   (Matthew)    Hall  and 

Clarke,  1892. 
Acrotretji  Katorga,  1848. 


Gonotreta  Walcott,  1889. 
f  Mesotreta  Kutorga,  1848. 
fOrbicella  d'Orbigny,  1849. 

Keyserlingia  Pander,  1861. 
f  Helmerseiiia  Pander,  18C1. 


2.  Family  SIPHONOTRETII)^:  Kutorga,  1848. 

Acrotretacea  with  the  pedicle  opening  passing  by  resorption  anted 
oiiy  through  the  protegnlum  and  the  umbo  of  the  shell. 


Yorkia  Walcott,  1897. 
Trematobolus  Matthew,  1893. 
Siphonotreta  de  Verneuil,  1845. 


Protosiphon  Matthew,  1897 

Schizambon  Walcott,  1884. 

Schizambouia  CEhlert,  1887. 


Superfamily  DISCIVAGEA  Waagen,  1885. 
Daikaulia  (partim)  Waagen,  1885;  Diacanlia  (partini)  Hall  and  Clarke,  1895. 

Neotremata  with  phosphatic  shells,  alistrium,  but  with  no  deltidinm. 
Dorsal  protegnlum  usually  subcentral. 

1.  Family  TREMATID^  Schuchert,  1893. 

Primitive  Discinacea,  in  which  the  posterior  margin  of  the  ventral 
valve  has  a  triangular  pedicle  notch  throughout  life.  A  listrium  is  usu- 
ally present. 


Discinolepis  Waagen,  1885. 
Trematia  Sharpe,  1847. 

Orbicella  Hall  and  Whitfield,  1875 
(not  d'Orhigny,  1849). 
Sfehizocrania  Hall  and  Whitfield, 
1875. 


Schizobolus  Ulrich,  188(3. 
Lingulodiscina  Whitfield,  1890. 
(Ehlertella  Hall  and  Clarke,  1890. 
!  Monobolina  Salter,  1865. 


2.  Family  DISCINID^  Gray,  1840. 
OrbiculidsB  McCoy,  1844. 

Derived  Discinacea  with  an  open  pedicle  notch  in  early  life  in  the 
posterior  margin  of  the  ventral  valve,  which  is  closed  posteriorly  dur- 
ing neanic  growth,  leaving  a  more  or  less  long,  narrow  slit  partially 
closed  by  the  listrium. 


Orbiculoidea  d'Orbigny,  1847. 
Schizotreta  Kutorga,  1848. 
Lindstrcemella  Hall   and  Clarke, 

1890, 
Roemerella  Hall  and  Clarke,  1890. 


Discina  Lamarck,  1819. 

Orbirnla  Sowerby,  1830  (not  Cuvier, 
1798). 

Discinisca  Dall,  1871. 
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Saperfainily  CBAHIACEA  Waagen,  1885.i 

Gasteropeginata  Waagen,  1885. 

Cemented  calcareous  Neotremata  without  pedicle  or  anal  openings 
at  maturity. 

Family  CRANIID^  King,  184G. 

OrbicalaB  Deahayes,  ia%;  Craniaclie  Qray,  1840. 

Craniucea  with  the  pedicle  functional  probably  only  during  nepionic 
growth. 

Crania  Retzius,  1781.  i  Craniella  CEhlert,  1888. 

NumDiiiliis  stoeboeus,  1732.  |  Cardinocrania  Waagen,  1885. 

Ostracitcs  Beiith,  1776.  !  Ancistrocrania  Dall,  1877. 

Crio^^derma  pl?/'l795  '  Cranopnia  Dall,  1871  (not  A.  Adams). 

rVrhinnla.  PnviAr.   \7QiR  /nnf,  KnTTArKv.  ' 


Orbicala  Cuvier,  1798  (not  Sowerby, 

1830). 
Orbicularins  Dnm^ril,  1806.  |  T>i,^nX^l'^^i' 

Crantolltes  Schlotheim,  1820. 
Discina  Tnrtou,  1832  (not  Lamarpk, 

1819). 
Criopododerma  Agawiz,  1846. 
Choniopora  Schauroth,  1854. 


I         Slpbouaria    Qaenstedt,    1851     (not 
Sowerbv). 
PhoUdops  Hall,  1860. 

Cruniops  Uall,  1859. 
Pseudocrania  McCoy,  1851. 
Palaeocrania  Qaeustedt,  1871. 


Order  PROTREMATA  Beecher,  1891. 

Derived,  articulate  Brachiopoda,  with  the  pedicle  opening  restricted 
to  the  ventral  valve  throughout  life  or  during  early  growth.  Prodcl- 
tidiuin  originating  on  the  dorsal  side  of  the  body  wall  in  the  ceplialula 
stage,  and  later  anchylosed  to  the  ventral  shell,  thus  initiating  the 
development  of  a  deltidium.  Pedicle  aperture  modified  by  the  delti- 
dinm.  Brachia  unsupported  by  a  calcareous  skeleton  except  in  the 
Peutameracea  where  there  are  crura. 

Superfamily  STBOPHOMEHACEA  Schuchert,  1896.^ 

Lineicardines  (partim)  and  Denticardines  (partim)  Bronn;1862;  Aphaneropegraata 
(partim),  Productacea,  Coralliopsida,  and  Kampylopegmata  (partim)  Waagen,  1883; 
Elentherobranchiata  (partiin)  Neumayr,  1883;  Cryptobrachia  (partim)  Gray,  1848; 
Thecacea  Scbachert,  1893. 

Primitive  Protremata  without  spondylia  and  cruralia. 

Family  KUTORGINID^  Schuchert,  1893. 

Primitive  Strophomenacea  with  incipient  cardinal  areas,  great  del- 
thyrial  opening,  and  very  rudimentary  articulating  processes  and 
deltidium. 


Katorgina    Billings,  1861  (emend 
Walcott). 


fScbizopholis  Waagen,  1885. 


^The  writer  believet  tbafc  when  the  young  growth  stages  of  Crania  are  studied  it  will  be  shown 
that  the  Cranlacea  have  the  superfamily  characters  of  Acrotretaoea  rather  than  those  of  Diacinacea. 
TText-book  of  Paleontology,  by  Zittel  and  Eastman,  1896,  p.  812. 
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f  Family  BIOHWALDIID^  Schuchert,  1893.» 

Primitive  or  aberrant,  rostrate  Stropbomenacea,  with  narrow  latersd 
grooves  and  ridges  for  articalation.  Deltbyrium  closed  by  a  concave 
plate  ( fdeltidiam).  Pedicle  emerging  through  the  ventral  nmbone  and 
moving  with  growth  anteriorly  by  resorption  throagh  the  shell,  as  in 
Biphonotretidce. 


Eichwaldia  Billings,  1858. 


Dictyonella  Hall,  1867. 


1.  Family  BILLINGSELLID^  Schuchert,  1893. 

Strophomenacea  with  well-developed  cardinal  areas  and  deltidium. 
Cardinal  process  obsolete  or  very  rudimentary.  Articulation  fairly  well 
developed. 

BUIingseUa  Hall  and  Clarke,  1892. 

Protorthis  Hall  and  Clarke,  1892. 

2.  Family  STBOPHOMBNIDiB  King,  1846. 

Strophomenacea  with  well-developed  cardinal  areas,  deltidium,  chi- 
lidium,  cardinal  and  articulating  processes. 


2a.  Subfamily  BAFiNESQumiN^  Schuchert,  1893. 

Leptsenacea  Braan,  1840;  Orthiaidie  (pattun)  d'Orbigny,  1847;  DaTidsonide  King, 
1850;  Davidsoninu^  Qill,  1871;  Strophomeninao  (partim)  QiU,  1871;  Waagen,  1884; 
CadomeUm»  Munier-Chalmas,  1887;  Lept»iiid»  HaU  and  Clarkei  1895. 

Strophomenoids  with  ventral  valve  convex  and  dorsal  concave,  except 
in  Strophonella.  The  relative  form  of  the  valves  is  the  reverse  of  the 
Orthothetinse. 


Baflnesquina   Hall    and    Clarke, 

1892. 
Leptaena  Dalman,  1828. 

Leptagonia  McCoy,  1844. 
Strophomena  Meek,  1873  (not  Blain- 

viUe,  1825). 
Plectambonites    CEhlert,    1887    (not 
Pander,  1830). 
Stropheodonta  Hall,  1852. 
Brachyprion  Shaler,  1865. 
Douvillina  CEhlert,  1887. 
Leptostrophia   Hall    and  Clarke, 
1892. 


Pholidostrophia  Hall  and  Clarke, 

1892. 
Strophonella  Hall,  1879. 

Amphistrophia  HaU  and  Clarke,  1892. 
Cadomella  M.-Chalmas,  1887. 
Leptella  Hall  and  Clarke,  1892. 
Plectambonites  Pander,  1830. 

LepttBna   Davidson,    1863;    CEhlert, 
1877  (not  Dalman,  1828). 

Leptsenisca  Beecher,  1890. 
Christiaiiia  Hall  and  Clarke,  1892. 
Davidsonia  Bouchard,  1847. 


'In  1893  the  writer  referred  this  family  witli  doabt  to  the  RhynchoDollacea.  The  ahaenoe  of  oraral 
plates  in  Eichwaldia  forbids  that  disposition.  If  the  concave  plate  closing  the  nmbonal  pedicle 
passage  is  a  deltidinra,  there  can  be  no  donbt  that  this  family  belongs  to  the  Protramata.  Students 
should  search  for  the  very  young  of  Eichwaldia  or  Dictyonella,  since  it  is  throagh  ontogeny  alone 
that  the  true  systematic  position  of  this  fiunily  will  be  determined. 
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2^.  SubfiAmiiy  Obthothetinjb  Waagen,  1884. 

StrophomeniniB  (partlm)  Waagen,  1^84. 

Strophomenoids  with  the  veptral  valve  convex  daring  early  growth, 
becoming  snbseqnently  concave. 

Y  Orthidiam  Hall  and  Clarke,  1892.    Streptorhynchus  King,  1850. 
Strophomena  Blainville,  1825.         |  Derbya  Waagen,  1884. 

Hemipronites  Meek,  1872  (not  Pan-  i  Kayserella  Hall  and  Clarke,  1892. 
der,  1830).  MeekeUa  White  and  St.  John,  1870. 

Orthpthetes  Fischer  de  Waldheim,  i  T^ipiecia  Hall,  1859. 
^^'^-  '         Dicraniacus  Meek,  1872. 

Orthifl  King,  1850  (not  Dalman,  1828).     Mimulus  Barrande,  1879. 
Hipparionyx  Vanuxem,  1842.  |  g^^^p^g  Davidson,  1881. 

3.  Family  THEOIDIID^  Gray,  1840. 

Cemented  Strophomeuacea  in  which  the  interior  of  tbe  shell  is 
impressed  with  variously  indented  brachial  furrows. 

3\  Snbfamily  Lyttoniin^  Waagen,  1883. 
ThecidiidsB  with  the  brachial  markings  common  to  both  valves. 

Lyttonia  Waagen,  1883.  |  Oldhamina  Waagen,  1883. 

Leptodns  Kayser,  1882.  I 

3^.  Subfamily  Thbcidiin^  Dall,  1870. 
Thecidiidad  with  the  brachial  markings  restricted  to  the  dorsal  valve. 


Thecidia  Defrance,  1822. 
Thecidium  Sowerby,  1824. 
Lacazella  M.Chalmas,  1880. 
Thecidiopsis  M.Chalmas,  1887. 
Thecidella  M.Chalmas,  1887. 


Eudesella  M.  Chalmas,  1880. 
Pteropbloios  Giimbel,  1861. 

Bactrynium  Emmerich,  1855. 

(In  error.    Not  Bac trill ium  Herr.) 
Davidsonella  M.Chalmas,  1880. 


2a».  Family  PEODIJCTID^  Gray,  1840. 
Prodnctiua  Giebel,  1846. 
Strophomeuacea  with  hollow  anchoring  spines. 

2a**.  Snbfamily  Chonetin^  Waagen,  1884. 
ChonetidsB  Bronn,  1862;  Hall  and  Clarke,  1895. 
Productidje  with  the  anchoring   spines  restricted  to   the  ventral 


cardinal  margin. 

Chonetes  Fischer   de  Waldheim, 
1837. 

Leptaena  McCoy,  1844  (not  Dalman, 
1828). 

Anoplia  Hall  and  Clarke,  1892. 
Chonetella  Waagen,  1884. 


Chonostrophia  Hall  and  Clarke, 

1892. 
Chonetina  Krotow,  1888. 

Chonetella    Krotow,      1884     (not 
Waagen,  1884). 
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2a"»'.  Subfamily  PEODUCTiNiE  Waagen,  1884. 

ProductidiB  with  the  anchoring  spines  more  or  less  abundant  over 
the  ventral  valve  and  sometimes  also  over  the  dorsal  valve. 


Daviesiella  Waagen,  1884. 
Prodnctella  Hall,  1867. 
Productus  Sowerby,  1812, 

Pyxis  Chemnitz,  1784. 

Producta  G.  B.  Sowerby,  1825. 

Arbnsculites  Murray.  1831. 

Protonia    Linck,    1830    (not 
ncsque). 

Marginifera  Waagen,  1884. 
Proboscidella  CEhlert,  1887. 


Rati- 


Etheridgina  CEhlert,  1887. 
Chonopectus  Hall  and  Clarke, 

1892.  ■ 
Strophalosia  King,  1844. 

Orthothrix  Geinitz,  1847. 
Lepta^nalosia  King,  1845. 

Aulosteges  von  Helmersen,  1847. 
f  Aulacorhynchns  Dittmar,  1871. 
Isogramma  Meek  and  Worthen,  1873. 


2a"^  Family  RIOHTHOFKNID^  Waagen,  1885. 
Stropliomenacea  probably  derived   through  the  Productidne,  and 
remarkably  modified  by  ventral  cementation.    The  form  of  the  shell 
is  that  of  cyathophylloid  corals  with  an  operculiform  dorsal  valve 
Shell  structure  cystose. 
Richthofenia  Kayser,  1881. 

la.  Family  ORTHIDiE  Woodward,  1862. 
Orthieitlro  (partini)  d'Orbigny,  1847;  OrtliiniK  and  Enteletinao  Waagen,  1884. 
Strophomenacea  usually  with  large  open  delthyria;  deltidium  only 
developed  in  younger  growth  stages. 


Orthis  Dalman,  1828. 

Orthambonites  Pander,  1830. 

(Plectorthis    Hall   and    Clarke, 

}     1892. 

C  HebertellaHall  and  Clarke,  1892. 

{Schizophoria  King,  1850. 
Orthotichia  Hall,  1892. 
Enteletes  Fischer  de  Waldheim, 
1830. 
Syntriolaflma  Meek,  1865. 
Platystrophia  King,  1850. 
Orthotropia  Hall  and  Clarke,  1895. 


(  Dinorthis  Hall  and  Clarke,  1892. 

<         Pbrsiomys  HaU  and  Clarke,  1892. 
(  Orthostrophia  Hall,  1883. 
Dalmanella   Hall   and    Clarke, 

1892. 
Heterorthis   Hall    and    Clarke, 

1892, 

^Bilobites  Linne,  1775. 
DiccBloBia  King,  1850. 
Rhipidomella  CEhlert,  1890.  . 

Rhipidomys  (Ehlert,  1887  (not  Wag- 
ner). 


Superfamily  PENTAMERAGEA  Schuchert,  1896.^ 

Trnllacoa  Schnchert,  1893;  Ancistropegmnta  (partini)  Zittel,  1895;  Aphaneropor;- 
rauta  (partini)  and  Prodnctacea  (partlm)  Waagen,  1883;  Elentherohranchiata 
(partini )  Nenmayr,  1883. 

Derived  Protremata  with  spondylia  to  which  are  attached  the  adduc- 
tor, diductor,  and  ventral  pedicle  muscles.  Commonly  cruralia  are 
present. 

1.  Family  CLITAMBONITID^  Winchell  and  Schuchert,  1893. 

Orthisidtn  (i)artim)  d*Orbigny,  1849;  Orthisinte  Waagen,  1884. 
Primitive  Pentameracea  with  long,  straight  cardinal  areas  and  a 
well  developed  deltidium.    No  cruralium. 

JOgTe 


1  Text-book  of  Pftleontolosy,  by  Zittel  and  Bastman,  1896,  p.  820. 
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Clitaiiibouites  Pander,  1830.  Poly  tocbia  Hall  aud  Clarke,  1892. 

Pronites  Pander,  1830.  i  Hemiprouites  Pander,  1830. 

Gonauibonitea  Pander,  1830.  j  Scenidiam  Hall,  1860. 

Orthiaiua  d'Orbigny,  1847.  |  Myetrophora  Kay»er,  1871. 

2.  Family  SYNTROPHIID^  Schucbert,  1896.» 
Stricklandiniidte  (partim)  Hall  and  Clarke,  1895. 
Primitive  Peutameracea  with  long,  straight  cardinal  areas,  deltidia, 
and  cruralia. 
Syutrophia  Hall  and  Clarke,  1892-93. 

2a.  Family  PORAMBONITID^E  Davidson,  1853.* 

Porambonitime   Gill,  1871;  Poranibonitidie  (partim)  Na»tling,    1883;  Camarellidie 
(partim)  Hall  and  Clarke,  1895. 

Peutameracea  intermediate  in  structure  between  the  Syntrophiida; 
and  PeutameridaB,  in  that  the  deltidiam  and  the  straight  cardinal 
areas  of  the  former  family  tend  to  obsolescence,  particularly  the  del- 
tidium.  The  Porambonitidae  approach  the  latter  family  in  tending  to 
develop  a  rostrate  shell.    Crnralium  present. 


Branconia  Gagel,  1890. 
Porambonites  Pander,  1830. 

Priambonitee  Agasaiz,  1847. 

laorhynchuB  King,  1850. 
NoBtlingia  Hall  and  Clarke,  1893. 
fLycophoria  Lahusen,  1885. 


Camarella  Billings,   1859  (emend 

Hall  aud  Clarke,  1893). 
Parastrophia    Hall    and    Clarke, 

1893. 
Anastropbia  Hall,  1867. 

Brachymerus  Shaler,  1865  (not  De- 
Jean,  1834). 

2b.  Family  PBNTAMERID^  McCoy,  1844. 
HypothyridsB   (partim)   King,    1850;    Pentameridte    Hall,    1867;    Cameropborlina) 
Waagen,  1883;  Pentamerinje  Gill,  1871;  Waagen,  1883;  Porambouitidif  (partim) 
Noetling,   1883;   StenochismatinjB  and  ConchidiiniB  (Ehlert,  1887;  Camarellidip 
(partim),  Stricklandmiidas  (partim),  aud  Amphigenidie  Hall  and  Clarke,  1895. 

llostrate  Peutameracea  rarely  with  straight  cardinal  areas.  Del- 
tidium  commonly  absent,  but  sometimes  present  as  a  concave  plate, 
being  the  reverse  of  the  ordinary  form  of  the  deltidium  aud  due  to  the 
incurved  beaks.    Cruralium  present. 

Stricklandiuia  Billings,  1863.  !  Conchidium  Linn6,  1753. 

Stricklandia  Billings,  1859.  Antirhynchonella  Qiienstedt,  1871. 

Pentamerus  Sowerby,  1813.  j          Zdimir  Barmndo,  1879. 

PenUstere  Blaiuville,  1824.  Gypidia  Dalman,  1828. 

Cai)ellinia  Hall  and  Clarke,  1893.  I  Olorinda  Barraude,  1879. 

PentamereHa  Hall,  1867.  ^     Barrandella  Hall  ami  Clarke   1893. 


Gypidula  Hall,  1867. 

Sicberella  (Ehlert,  1887. 
Camarophorella  Hall  and  Clarke, 

1893. 
Amphigenia  Hall,  1867. 


Enantiospheu  Widborne  (Ilolzap- 

fel),  1893. 
Camarophoria  King,  1846. 

Stenocbisma  Dall,  1877;  (Ehlert,  1887 
(not  Conrad,  1839). 


<  Text  iKwk  of  Palfiootology,  by  Zittel  aud  Eastmao,  1896,  p.  320. 

•Since  Hall  and  Clarke's  family  CaniarellidsB  (1895),  after  rouioviug  Camarophoria  and  Camaro- 
pliorella,  is  based  upon  the  same  family  characters  as  those  of  the  Porambonitidm  (1853),  as  Poram- 
IxiDites  IS  now  interpreted,  Davidson's  family  is  retained  on  the  groond  of  priority.      ^-^  t 
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8ifnop9i$  of  the  d%vi9ion$  of  Brachiopoda  higher  than  genera. 


8uperorder$. 


Pedicle  common 
to  both  THlves 
throughout 
life  or  only 
in  youthful 
growth.  (Ho- 
mocanlla.) 


Order$. 


Pedicle  opening 
common  to 
both  Tftlves 
throughout 
life.  Ko  del- 
tidial  pUtes. 
Inarticulate. 
(Atrem»t*.) 


Pedicle  opening 
common  to 
both  TftlTee 
only  in  youth- 
ful growth. 
Doltidial 
plates  usually 
present.  (To- 
lotremata.) 


Super/amiUes. 


Shells  rounded. 
Pedicle  short 
Animal    not' 
burrowing, 
(Obolaoea.) 


Shells  elongate. 
Pedicle  long. 
Animal  bur- 
rowing. (Lin- 
gnlaoea.) 


Braohia  sup 
ported    by, 
crura.    ( Ros- 
traoea.) 


Braohia  sup 
ported  by 
loops.  (Tere 
bratnlacea.) 


Brachia  sup- 
ported by  spi- 
raUa.  (Spiri- 
feraoea.) 


FamUieM. 

Valves  semicircular;  pedi- 
cle opening  more  or  less 
Urge 

Valves  rounded,  postori- 
orly  acuminate;  pedlole 
opening  small 

Valves  round  or  oval,  thick, 
with  solid  or  excavated 
platforms 

Shells  thin,  elongate,  with 
oboloid  interiors 

Shells  thin,  elongate,  with 
mnscnlar  system  highly 
specialised 

Shells  elongate,  with  solid 
platforms 

Shells  primitive.  "So  del- 
tidial  plates;  articula- 
tion rqjdimentary 

Artioalation  and  deltidial 
plates  well  developed 

Loops  fbee,  developing  di- 
rect; no  metamorphoses  = 

Loops  free,  developing  in- 
direct 

Loops  attached  to  a  me- 
dian  septum ;  developing 
indirect 

Crura  directly  continuous 
with  bases  of  primary 
lamellB  between  which 
are  the  spiralis 

Crura  directly  continuous 
with  bases  of  jirimary 
lamelliB  which  are  be- 
tween the  spiralis 

Bsses  of  primary  lameiliB 
between  the  spiralia,  and 
sharply  recurving  dor- 
sally  at  their  J  auction 
with  the  crura 


=  Patezinide. 

:  Obolid». 

TrimerellidjD. 
:  Lingnlellide. 

:  LingulidA. 

:  LingulasmatidjD. 

:  Protorhyuchidio. 
:  Bh^-nchonellidsB. 
:  Centronellid». 
TerebratnlidsD. 

=  Terebraiellid». 

\ 

=  AtrypidsD. 
=  8pirifbrid». 


=  AthyridA. 
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SynapHs  of  the  divisioM  of  Braektopoda  higher  than  ^mcra— Coutinned. 
Superorderg.  Ordert.  Super/amUUt. 


Pedicle  restrict- 
ed to  ventral 
valve  throngh- 
oat  life  or  only 
in  yonthfal 
j^rovtb.  (Idi- 
ocaalia.) 


Pedicle  restrict- 
ed to  Ten- 
tral  valve 
tbrougbotit 
life.  Inartic- 
ulate.  (Neo- 
tremata.) 


Pediole  aper- 
ture modified 
by  a  deltidi- 
um.  (Acro- 
tretacea.) 

Pedicle  slit 
modified  by 
a  listrinm. 
(Diacinaoea. ) 

Pedicle  sap- 
pressed.  (Cra- 
niacea.) 


Pedicle  restrict- 
ed to  ven- 
tral valve 
tbronghout 
or  a  portion 
oflife.  Artic- 
ulate. (Pro- 
tremata.) 


Sbella  without 
spoDdyliaaDd 
cr  ur  alia.< 
(Strophomen 
acea.) 


Shells  with 
spondyliaand 
c  r  u  ralia  .' 
(Pentamera- 

eea.) 


Famines. 
Pedicle  opening  small,  cir- 
cular, posterior  to  pro- 
tegnlnm  =.  Acrotretlds. 

Pedicle  fissure  narrow, 
elongate,  anterior  to  pro- 
*«piloni  =  Siphonotretid*. 

Pedicle  fissure  marginal, 

open  posteriorly  ^.  Trematide. 

Pedicle  fissure  narrow, 
elongate,  dosed  posteri- 
orly =  Disdnlds. 
Shells    partially   or    com- 
pletely cemented  to  for- 
eign bodies                      =  CranUdA. 
'  Pedicle  opening  large ;  del- 
iidium  and  articulation 
incipient.     No    crural 
process                             ^  Kutorginids. 
Sostrate,    aberrant    Stro- 

phomenaeea  =  Sichwaldiid». 

Cardinal  areas  and  deltid- 
ium  well  developed.  Ho 
cardinal  process  ^  Billingsellidie. 

Cardinal  areas,  deltidium, 
chilidium,  and  cardinal 
process  well  developed  -  Stropbomenid». 
Strophomenldie  with  im- 
pressed brachial  farrows  ^  Tbecidiid». 
Talves  mure  or  less  cov- 
ered with  hollow,  anchor- 
ing  spines  =  Produotidm. 

Cone-shaped  produetoids 
completely  modified  by 
cementation  =  Richthofenidie. 

Delthyrium  usually  large, 
open;  deltidium  devel- 
oped only  <n  early 
growth  ~  Orthldm. 

Large,  straight  cardinal 
areas  with  prominent 
deltidium.  No  cmralla  =  Clitambonltide. 
Straight  cardinal  areas, 
prominent  deltidium, 
and  short  oruralia  =  SyntraphlidB. 

Shells  intermediate  in 
structure  between  Syn- 
trophiidso  and  Penta- 
meridn  =  Porambonitide. 

Shells  rostrate,  commonly 
without  deltidium.  'Gru- 
ralia  well  developed        ~  Pentameiidie. 
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BRACHIOPOBA. 

AGAMBOHA  White.  Genotype  A.  prima  White. 

Acambooa  White,  Proo.  Boston  Soc.  Nat.  Hist.,  IX,  1862,  p.  27,  ii^.  1, 2.— Hall  and 
Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893.  p.  119;  — ThirteeDth  Anu.  Rep.  N.  Y. 
State  Geologist,  1895,  p.  797. 

Acambona  osagenflis  (Swallow).  Chouteaa  (L.  Carb.)* 

Retzia  osagensis  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  1, 1860,  p.  653. 
Acambona  f  osagensis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  120, 

pi.  51,  figs.  38,  39. 
Retzia?  osagensis  Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  94. 
Loc,  Cooper  and  Benton  counties,  Missouri. 

Acambona  prima  White.  Burlington  (L.  Carb.)« 

Acambona  prima  White,  Proc.  Boston  Soc.  Nat.  Hist.,  IX,  1862,  p.  27,  figs.  1,2. — 

Hall  and  Clarke,  Pal.  New  York,  VIII.  Pt.  II,  1893,  p.  1 19,  pi.  51,  figs.  40, 41. 
Eometria  prima  Miller,  North  American  Geol.  and  Pal.,  1889,  p.  346. 
Loo»  Burlington,  Iowa. 
Ohs.  It  is  probable  that  this  species  is  identical  with  A.  osagensis. 

ACBOTHELE  Linnarsson.  Genotype  A.  coriacea  Linnarsson. 

Acrothele  Linnarsson,    Bihang  till  Kgl.   Svenska  Veten8.-Akad.   Handl.,  Ill, 

1876,  p.  20.— Walcott,  Bull.  U.  8.  Geol.  Survey,  30,  1886,  p.  107.— Hall  and 

Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  98,  167 ;— Eleventh  Ann.  Rep. 

N.  Y.  State  Geologist,  1892,  p.  249. 

Acrothele  bellula  Walcott.  Middle  Cambrian. 

Acrothele  bellula  Walcott,  I'roc.  U.  S.  National  Mus.,  XIX,  1897,  p.  716,  pi.  60, 

iigs.  4-4e. 
Loo,  Cowans  Creek,  Cherokee  County,  Alabama. 

Acrothele  decipiena  Walcott.  Lower  Cambrian. 

Acrothele  decipiens  Walcott,  Proc.  U.  S.  National  Mu8.,XIX,  1897,  p.  716,  pi.  60, 

fig.  2. 
Loc,  Near  Stoner's,  York  County,  Pennsylvania. 

Acrothele  (?)  diohotoma  Walcott.  Lower  Cambrian. 

Acrothele!  dichtoma  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  14,  pi.  9, 

fig.  11;— Bull.  U.  8.  Geol.  Survey,  30,  1886,  p.  107. 
Loc,  Eureka  district,  Nevada. 

Acrothele  matthewi  (Hartt).  Middle  Cambrian. 

Lingula  matthewi  Hartt,  Dawson's  Acadian  Geology,  2d  ed.,  1868,  p.  644, 
fig.  221;— Ibidem,  3d  ed.,  1874,  p.  644,  fig.  221. 

Acrothele  matthewi  Matthew,  Trans.  Royal  Soc.  Canada,  III,  1886,  p.  39,  pi.  5, 
fig.  15.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  99,  pi.  3,  fig.  29.— 
Matthew,  Trans.  N.  Y.  Acad.  Sci.,  XIV,  1895,  p.. 128,  pL  5,  figs.  6, 7, 8. 

Xoc.  Portland,  New  Brunswick;  Manuels  Brook,  Conception  Bay,  Newfound- 
laud. 
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Acrothele  matthewi  costata  Matthew.  YMiddle  Cambrian. 

Acrothele  matthewi  var.  coatata  Matthew,  Trans.  N.  Y.  Aoad.  Sci.,  XIV,  1895, 

p.  128,  pi.  5,  fig.  9. 
Xoc.  Hanford  Brook,  New  Bmoswick. 

Acrothele  matthewi  lata  Matthew.  Middle  Oambrian. 

Acrothele  matthewi  var.  lata  Matthew,  Trans.  Royal  Soo.  Canada,  III,  1880,  p.  41, 
pi.  6,  fig.  17.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.   I,  1892,  pi.  3, 
figs.  26-28. 
Loe.  Portland,  New  Brunswick. 

AcTothele  matthewi  prima  Matthew.  Middle  GambriaD. 

Acrothele  matthewi  Tar.  prima  Matthew,  Trans.  Royal  Soo.  Canada,  III,  1886,  p. 
41,  pi.  5,  fig.  16.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  3, 
fig.  25. 
Loc,  Hanford  Brook,  New  Bronswick. 

Acrothele  snhgidiia  (White).  Lower  and  Middle  Gaiubrian. 

Acrotreta?  subsidna  White,  Wheeler's  Geo^rr.  Geol.  Expl.  and  Snrv.  west  100 

Mcrid.,  Prelim.  Rep.,  1874,  p.  6;— Ibidem,  Final  Rep.,  IV,  1875,  p.  SA,  pi.  1, 

fig.  3. 
Acrothele  snbsidna  White.  Proc.  U.  8.  National  Mns.,  Ill,  1880,  p.47.— Walcott, 

Bull.  U.  S.  Geol.  Survey,  30,  1886,  p.  108,  pi.  9,  fig.  4;— Tenth.  Ann.  Rep. 

U.  S.  Geol.  Snrvey,  1891,  p.  608,  pi.  70,  fig.  1. — Beecher,  American  .Tour.  Sci., 

XLI,  1891,  p.  357,  pi.  17,  fig.  12.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt. 

I,  1892,  p.  100,  pi.  3,  figs.  30,  31. 
Loc,  Antelope  Spring,  Utah ;  Pioche,  Nevada. 

ACBOTBSTA  Kutorga.  Genotype  A.  sabconica  Kutorga. 

Acrotreta  Kntorga,  Verhand.   Kais.   Min.  Gessel.  zn  St.  Petersburg,  1848,  p. 

275.— Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  16.— Hall  and  Clarke, 

Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  101,  166;— Eleventh  Ann.  Rep.  N.  Y. 

State  Geologist,  1892,  p.  250. 

Acrotreta  attennata  Meek = A.  gemma. 

Acrotreta  hftileyi  Matthew.  Middle  and  Upper  Gambrian. 

Acrotreta  bailey i  Matthew,  Trans.  Royal  Soc.  Canada,  III,  1886,  p.  36,  pi.  5, 

fig.  13.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  102,  pi.  3, 

figs.  32-S4.— Matthew,  Trans.  Royal  Soc.  Canada,  IX,  1892,  p.  43;  pi.  12,  fig.  7d. 

Loe,  Hanford  Brook  and  Long  Reach,  New  Brunswick. 

Acrotreta  gemma  Billings.  Lower  to  Upper  Gambrian. 

Acrotreta  gemma  Billings,  Pal.  Fossils,  I,  1865,  p.  216,  fig.  201.— Walcott,  Mon. 
U.  S.  Geol.  Survey,  VllI,  1884,  p.  17,  pi.  1,  fig.  1;  pi.  9,  fig.  9;— Bull.  U.  S. 
Geol.  Snrvey,  30,  1886,  p.  98,  pi.  8,  fig.  1;— Tenth  Ann.  Rep.  U.  S.  Geol.  Sur- 
vey, 1891,  p.  608,  pi.  67,  fig.  5.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I, 
1892,  p.  102,  figs.  55-67.— Matthew,  Trans.  N.  Y.  Acad.  Sci.,  XIV,  1895,  p.  126. 

Acrotreta  subconica  Meek,  Hayden's  Sixth  Ann.  Rep.  U.  S.  Geol.  Survey  Terr., 
1873,  p.  463. 

Acrotreta  attenuata  Meek,  Ibidem,  1873,  p.  463. 

Acrotreta  pyxidicula  White,  Wheeler's  Geogr.  Geol.  Ezpl.  and  Snrvey  w<'8t  100 
Merid.,  Prelim.  Rep.,  1874,  p.  9;— Ibidem,  Final  Rep.,  IV,  1875,  p.  53,  pi.  3, 
fig.  3. 

Xoc.  Near  Portland  Creek,  Newfoundland;  Eureka  and  White  Pine  mining  dis- 
tricts, Nevada. 

Acrotreta  gemma  depressa  Walcott.  Middle  Oambrian. 

Acrotreta  gemma  var.  depressa  Walcott.  Proo.  U.  S.  National  Mus.,  XI,  1888,  p.  441. 
Loc.  Mount  Stephen,  British  Columbia. 
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Acrotreta  gemmula  Matthew.  Middle  Cambrian. 

AoTotreta  gemmola  Matthew,  Trans.  Royal  Soc.  Canada,  X,  1894,  p.  87,  pi.  16, 

fig.  2;— Trans.  N.  Y.  Acad.  Sci.,  XIV,  1895,  p.  126,  pi.  5,  fig.  5. 
L&c,  St.  Martins,  New  Brunswick. 

Acrotreta  gulielmi  Matthew =Di8cinopsis  guUelmi. 

Acrotreta  mioroscopica  (Shumard).  Middle  Cambrian. 

Discina  microscopica  Shumard,  American  Jour.  Sci.,  XXXII,  2d  ser.,  1861,  p.  221. 
Loc.  Occurs  abundantly  in  Burnett  and  Llano  counties,  Texas. 

Acrotreta  pyxidicula  White= Acrotreta  gemma. 

Acrotreta  Bubconica  Meek  (non  Katorga)= Acrotreta  gemma. 

Acrotreta  (?)  sabsidaa  White— Acrothele  snbsidaa. 

^gilops  Hall.    A  genus  of  pelecypods. 

AMBOCCELIA  Hall.  Genotype  Orthis  nmbonata  Conrad. 

AmbocoBlia  Hall,  Thirteenth  Bep.  N.  Y.  State  Cab.  Nat.  Hist.,  1860,  p.  71,  figs. 
1-3;  p.  72,  figs.  4-6.— Meek  and  Hayden,  Pal.  Upper  Missouri,  Smithsonian 
Cont.  to  Knowl.,  172,  1864,  p.  20.— Hall,  Pal.  New  York,  IV,  1867,  p.  258- 
Davidson,  Suppl.  British  Sil.  Bracli.,  Palcpontographical  Soc.,  1882,  p.  131.— 
Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p. 
85.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  54 ;— Thirteenth 
Ann.  Rep.  N.  Y.  State  Geologist,  1895,  p.  761. 

AmbocoBlia  flmbriata  Claypole.  Portage  (Dev.)* 

Ambocoelia  fimbriata  Claypole,  Proc.  American  Phil.  Soc,  XXI,  1883,  p.  232. 
Loe.  Perry  County,  Pennsylvania. 

Amboccelia  gemmnla  McChe8uey=Amboc(Blia  planocouvexa. 

AmbocoBlia  gregaria  Hall.  Cbemnng  (Dev.). 

Orthis  unguiculns  Hall  (non  Phillips),  Geol.  New  York;  Rep.  Fourth  Dist.,  1843, 

p.  267,  fig.  5. 
Amboccelia  gregaria  Hall,  Thirteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1860,  p. 

81;— Fifteenth  Rep.  Ibidem,  1862,  p.  186.— Williams,  Bull.  U.  S.  Geol.  Sar- 

Tey,  3,  1884,  p.  11. 
Amboccelia  nmbonata  var.  gregaria  Hall,  Pal.  New  York,  IV,  1867,  p.  261,  pi.  44, 

figs.  19-25. 
Loc,  tlew  York ;  Pennsylvania,  and  Virginia. 
Ob8,  See  Martinia  subnmbona. 

AmbocoBlia  minnta  Wbite.  Kinderbook  (L.  Garb.). 

Amboccelia  (Spiriferf)  minuta  White,  Proc.  Boston  Soc.  Nat.  Hist.,  IX,  1882, 

p.  26. 
Loc,  Hamburg,  Illinois,  and  Hannibal,  Missouri. 

AmbocoBlia  planoconveza  (Sbumard).  Upper  Carboiiiferons. 

Spirifer  planoconvexa  Shumard,  Geol.  Rep.  Missouri,  1855,  p.  202. — Geinitz,  Car- 
bon u.  Dyas  in  Nebraska,  1866,  p.  42,  pi.  3,  figs.  10-18. 

AmbocoBlia  gemmula  McChesney,  New  Pal.  Fossils,  1860,  p.  41 ; — Ibidem,  1865, 
pl.  1,  fig.  3. 

Spirifer  (Martinia)  planoconvexa  Meek  and  Hayden,  Pal.  Upper  Missouri,  Smith- 
sonian Cont.  to  Knowl.,  172,  Pt.  1, 1864,  p.  20,  figs,  a-e.— Meek,  Final  Rep. 
U.  S.  Geol.  Survey  Nebraska,  1872,  p.  184,  pl.  4,  fig.  4;  pl.  8,  fig.  2. 

Martinia  planoconveza  McChesney,  Trans.  Chicago  Acad.  Soi.,  1, 1868,  p.  34,  pl.  1, 
fig.  3. 
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AmboooBlia  planoooiiTexa  (Shomard) — Continued. 

Spirifera  (Martinia)  planoconveza  Derby,  Boll.  ConieU  Univ.,  1, 1874,  p.  19,  pi.  8, 
figs.  12, 16, 18;  pi.  9,  fig.  7.— White,  Wheeler's  Qeogr.  Geol.  £xpl.  and  Sarvey 
west  100  Merid.,  IV,  1875,  p.  135,  pi.  10,  fig.  3 ;— Thirteenth  Rep.  IndiuDa  State 
Geol.,  1884,  p.  134,  pi.  32,  figs.  23, 24.— Herriok,  Bull.  Denison  Univ.,  II,  1887, 
p.  46,  pi.  1,  fig.  12.~Keyes,  Geol.  Sonrey  Missouri,  V,  1896,  p.  85. 

AmboGcelia  planoconyexa  Hall  and  Clarke,  Pal.  New  York,  VIII,  Ft.  II,  1893,  p.  56, 

pi.  39,  figs.  10-15. 
Loc,  Missonri;  Iowa;  Illinois;  Ohio;  Indiana;  Kansas;  Nebraska;  New  Mexico; 

Elko  Mountain,  Nevada;  Bomjardim  and  Itaituba,  Brazil. 

AmboocBlia  prarambona  Hall.  Hamilton  (Dev.). 

Orthis  prffiumbona  HaU,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  167. 
▲mbocGBlia  prsenmbona  Hall,  Thirteenth  Rep.  Ibidem,  1800,  p.  71 ;— Pal.  New 

York,  IV,  1867,  p.  262,  pi.  44,  figs.  1-6. 
Loe.  Seneca,  Caynga,  and  Canandaigua  lakes,  New  York. 

AmboocBlia  spinoaa  Hall  and  Clarke.  Hamilton  (Dev.). 

AmboooBlia  spinosa  HaU  and  Clarke,  Pal.  New  York,  VIII,  Ft.  II,  1895,  pp.  56, 
363,  pi.  39,  figs.  16-18.— Clarke,  Thirteenth  Ann.  Rep.  N.  Y.  State  Geologist, 
1895,  p.  177,  pi.  4,  figs.  ^-8. 
Loc,  Livingston  County,  New  York. 

Ambocoelia  subombona  Hall=Martinia  Bubambona. 

AmbocQBlia  umbonata  (Oonrad).  Marcellna-Chemang  (Dev.). 

Orthis  unibonata  Conrad,  Jour.  Aoad.  Nat.  Sci.  Philadelphia,  VIII,  1842,  p.  264, 
pi.  14,  fig.  4.— HaU,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hiitt.,  1^57,  p.  167, 
figs.  1-3. 

Orthis  nucleus  Hall,  Geol.  New  York;  Rep.  Fourth  Dist.,  1843,  p.  180,  fig.  8. 

Ambocwlia  umbonata  HaU,  Thirteenth  Kep.  N.  Y.  State  Cab.  Nat.  Hist.,  1860, 
p.  71;— Pal.  New  York,  IV,  1867,  p.  259,  pi.  44,  figs.  7-18.— Nettelroth,  Ken- 
tucky Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  86,  pi.  17,  figs.  25, 
26.— HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pi.  29,  fig.  17;  pi. 
39,  figs.  4-9. 

Martinia  umbonata  Herri ck,  Geol.  Ohio,  VII,  1895,  pi.  20,  fig.  3. 

Loe.  New  York;  Pennsylvania;  Falls  of  Ohio. 

Amboccelia  umbonata  gregaria  Hall=Amboccelia  gregaria. 

AMPHIOEHIA  Hall.  Genotype  Pentamerns  elougatns  Yanaxem. 

AmphigenU  Hall,  Twentieth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1867,  p.  163;— 

Pal.  New  York,  IV,  1867,  pp.  374,  382.— Hall  and  Clarke,  Pal.  New  York, 

Vni,  Pt.  n,  1893,  p.  252;— Thirteenth  Ann.  Rep.  N.  Y.  State  Geologist,  1895 

p.  848. 

Amphigenia  carta  (Meek  and  Worthen).  Oriskany  (Dev.). 

Strioklandinia  elongata  var.  curta  Meek  and  Worthen,  Geol.  Survey  Illinois,  III, 

1868,  p.  402,  pi.  8,  fig.  1 ;  pi.  9,  fig.  5.— f  HaU  and  Clarke,  Pal.  New  York,  VIII, 

?t.  II,  1893,  p.  254. 
Loc,  Union  County,  Illinois. 

Amphigenia  elongata  ( Vauaxem).    Oriskany  and  Up.  Helderberg  (Dev.). 
Pentamerns  elongatus  Vanuxem,  Geol.  N.  Y. ;  Rep.  Third  Dist.,  1842,  p.  132, 

fig.  1.— HaU,  Geol.  N.  Y. ;  Rep.  Fourth  Dist.,  1843,  Tables  of  Organic  Remains. 
Meganteris  elongatus  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  123, 

figB.  1,  2. 
Rensselieria  elongata  Hall,  Twelfth  Rep.  Ibidem,  1859,  p.  38;— Pal.  New  York, 

III,  1859,  p.  453. 
Stricklandia  elongata  Billings,  Canadian  Jour.,  VI,  1861,  p.  267,  figs.  91,  92. 
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^mphigenia  elongata  (Vauuxem) — ContiuuecL 

Stricklandinia  eloDgata  Biliings,  Geol.  Canada,  1863,  p.  371,  fig.  390. 

Amphigenia  eloDgata  Hall,  Pal.  New  York,  IV.  1867,  p.  383,  pi.  58A,  figs.  21-24; 
pi.  59,  tigs.  l-H.—Billinge,  Cauadiun  Nat.  Geol.,  n.  ser.,  VH.,  1874,  p.  240.— 
^athbun,  Proc.  Boston  Soc.  Nat.  Hist.,  XX,  1879,  p.  34.— Hall  and  Clarke, 
Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  253,  pi.  73,  figs.  16-20;  pi.  74,  figs.  1-9; 
pi.  76,  fig.  9. 

Loo.  New  York ;  Michigan ;  Cayuga,  Ontario ;  Rio  Maecuruand  Rio  Onrua,  BraziL 

Amphigenia  elongata  snbtrigonaliB  Hall.  U]).  Helderberg  (Dev.). 

Megan terissabtrlgonalis  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  i:^. 
Amphigenia  elougata  var.  subtrigoualis  Hall,  Pal.  New  York,  IV,  1867,  p.  384. 
Loc.  Erie  Connty,  New  York. 

Amphigenia  elongata  undnlata  Hall.  Up.  Helderberg  (Dev.)- 

Ampbigouia  elongata  var.  undnlata  Hall,  Pal.  New  York,  IV,  1867,  p.  384,  pi. 

5«A,  figs.  25-27. 
Loc.  Mackinac,  Michigan. 
AMPHISTBOPHIA  Hall  and  Clarke.    Genotype  StrophoneJla  striata 

Hall. 
Amphistrophia  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  292;  — 

Eleventh  Ann.  Rep.  N.  Y.  State  Geologist,  1894,  p.  283. 
Oba,  Proposed  as  a  subgenus  of  Strophonella. 

AHABAIA  Olarke.  Genotype  A.  paraia  Clarke. 

Anabaia  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  141.— Hall  and  Clarkr, 
Thirteenth  Auu.  Rep.  N.  Y.  State  Geologist,  1895,  p.  805. 

Anabaia  paraia  Clarke.  Silurian. 

Anabaia  paraia  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  141,  figs.  124-127. 
Loc.  Rio  Trombetas,  Province  of  Para,  Brazil. 

AHASTBOPHIA  Hall.  Genotype  Pentamerns  verneuili  Hall. 

Bracliyuierus  Shaler  (non  Dej.,  1834),  Bull.  Mus.  Comp.  Zool.,  4, 1865,  p.  69. 

Anastrophia  Hall,  Twentieth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1867, p.  163;— Pal. 
New  York,  IV,  1867,  p.  374.— Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Ken- 
tucky Geol.  Survey,  1889,  p.  47.— Hall  and  Clarke,  Pal.  New  York, VIII,  Pt.  II, 
1893,  p.  224;— Thirteenth  Ann.  l{ep.  N.  Y,  State  Geologist,  1895,  p.  839. 

Anastrophia  brevirostris  (Sowerby?)  Hall.  Niagara  (Sil.). 

Torebratula  brevirostris  Sowerby,  Murchison's  Sil.  System,  1839,  p.  631,  pi.  13, 

fig.  15. 
Atrypa  brevirostriHf  Hall,  Pal.  New  York,  II,  1852,  p.  278,  pi.  58,  fig.  1. 
Pentamerns  brevirostris  Hall,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1859,  p.  77. 
Rhynchonella  brevirostris  Billings,  G«ol.  Canada,  1863,  p.  315,  fig.  324. 
Lot:.  Lock  port,  New  York. 
Oha,  Com])are  with  Anastrophia  interplicata.     If  a  pentameroid,  this  species  is 

probably  identical  with  Anastrophia  interplicata  Hall. 

AuaHtropliia  hemiplicata  W.  and  S.=Parastrophia  beniiplicata. 

Anastrophia  intemasoens  Hall.  Niagara  (Sil.). 

An.'isfcrophia  verneuili  Hall  (non  Hall,  1859),  Twenty -eighth  Rep.  N.  Y.  State 
Mus.  Nat.  Hist.,  Doc.  ed.,  1876,  pi.  26,  figs.  41-49. 

Anastrophia  intemascens  Hall,  Ibidem,  1879,  p.  168,  pi.  26,  figs.  41^9; — Eleventh 
Rep.  State  Geol.  Indiana,  1882,  p.  311,  pi.  26,  figs.  41^9.— Nettelroth,  Kentucky 
Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  47,  pi.  32,  figs.  17-20.— 
Beecher  and  Clarke,  Mem.  N.  Y.  State  Mus.,  1, 1889,  p.  32,  pi.  3,  figs.  14-16.— 
Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  221,  pi.  63,  fig.  30. 

Loc.  WaUlron,  Indiana;  Louisville,  Kentucky ;  Milwaukee,  Wisconsin. 
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Anastrophia  interplieata  (Hall).  Niagara  (SiL). 

Atrypa  interplieata  Hall,  Pal.  New  York,  II,  iA62,  p.  275.  pi.  57,  fig.  2. 
PeDtaiDerns  iuteri»licatn8  Hall,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hiet.,  1859, 

p.  77. 
Anantrophia  interplieata  Milter,  American  Pal.  Foeslla,  1877,  p.  104. — Hall  and 

Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1H93,  p.  224. 
Loc,  Luekport, New  York ;  Louisville,  Kentucky;  Wisoonflin. 
Oba.  See  A.  breviroetris. 

Anastrophia  reversa  Miller =Parastrophia  reversa^ 
AiKiHtropliia  scofieldi  W.  and  S.=Para8trophia  scofleldi. 
Anastrophia  verneuili  Hall,  1876  (non  1859)= Anastrophia  internascens. 
Anastrophia  Yemenili  (Hall).  Lower  Helderberg  ( Dev.). 

Atrypa  lacnnosa  Vannxem  (non  Sowerby),  Geol.  N.  Y. ;  Rep.  Third  Dist.,  1842,  p. 
117,fig.3,  aiidp.119. 

Pentamerus  verneaili  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1K>7,  p.  104, 
ti^s.  1, 2;— Pal.  New  York,  III,  1859,  p.  260,  pi.  48,  fig.  1.— Billings.  Geol.  Can- 
ada, 1863,  p.  957,  fig.  453. 

Anastrophia  Yemenili  Miller,  N.  American  Geol.  Pal.,  1889,  p.  334. — Hall  and 
Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  224,  pi.  63,  figs.  31-SS  j  pi.  84,  figs. 
43,44. 

Lo€.  £aHtem  New  York;  Perry  County,  Tennessee;  Petermaun  Fiord,  Greenland. 

Auazyga  recurvirostra  Davidson =Zygospira  recurvirostris. 
AHOPUA  Hall  and  Clarke.  Genotype  Leptft^na  nacleata  Hall. 

Anoplia  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  309;— Eleventh 
Ann.  Rep.  N.  Y.  State  Geologist,  1894,  p.  293. 

Anoplia  nnoleata  Hall.  Oriskany  and  Gorniferous  (Dev.). 

Lepttena  nacleata  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  47. 
Leptcenaf  nnoleata  Hall,  Pal.  New  York,  III,  1859,  p.  419,  pi.  94,  fig.  1.— Meek 

and  Worthen,  Geol.  Snryey  Illinois,  III,  1868,  p.  393,  pi.  8,  fig.  8. 
Anoplia  nncleata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  309,  pi. 

15A,  figs.  17,  18;  pi.  20,  figs.  14-17. 
Loc,  Albany  County,  New  York;  Alexander  Connty,  Illinois;  Caynga,  Ontario. 
Oba,  It  is  probable  that  Productella  nucleata  Nicholson  is  a  synonym  of  this 

species. 

AHOPLOTHEGA  Sandberger  (emend  Hall  and  Clarke).  Genotype  Pro- 
dactus  lamellosua  Sandbergers=Terebratala  venusta  Schnur. 

Anoplotheca  F.  Sandberger,  Sitzb.  d.  k.  k.  Akad.  d.  Wissens.,  math  -naturw. 
Classe,  XVI,  1853,  p.  5;  XVIII,  p.  102.— Hall  and  Clarke,  Pal.  New  York,  VI II, 
Pt.  II,  1893,  p.  129,  figs.  113-121. 

Leptoccelia  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  108;— Twelfth 
Rep.,  Ibidem,  1859,  p.  32.  figs.  1,  2,  4;— Pal.  New  York,  III,  1859,  p.  447.— 
Billings,  Canadian  Jour.,  VI,  1861,  p.  351.— Hall,  American  Jour.  Sci., 
XXXVI,  1863,  p.  14.— Romingor,  American  Jour.  Sci.,  XXXV,  1863,  p.  84.— 
Hall,  Pal.  New  York,  IV,  1867,  p.  365.— Dall,  American  Jour.  Conch.,  VII, 
1871,  p.  60.— Nettelrotb,  Kentucky  Fossil  Shells,  Mem.  Kontncky  Geol.  Sur- 
vey, 1889,  p.  151.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  136. 

CoBlospira  Hall,  Sixteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1863,  p.  59;— Trans. 
Albany  Institute,  IV,  1863,  p.  146;— Pal.  New  York,  IV,  1867,  p.  328.— Hall 
and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  134,  figs.  122,  123. 

Bifida  Davidson,  Supplement  to  British  Dev.  Brach.,  Palspontographical  Soo., 
1882,  p.  27. 

Anoplotheca,  CoBlospira,  and  Leptoeoslia  Hall  and  Clarke,  Thirteenth  Ann.  Rep. 
N.  Y.  State  Geologist,  1895,  pp.  801^808. 
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AVOPLOTHEOA  Sandberger  (emend  Hall)— Gontinaed. 

Ohs,  Hall  and  Clarke  haTe  shown  that  Anoplotheca  and  Bifida  are  synonymoiiB 
terms  and  that  Coelospira  is  also  atmctnrally  identical.  The  latter  naiue, 
however,  they  retain  as  a  subgenus  of  Anoplotheca.  While  the  brachydinm 
is  not  yet  fully  known  in  LeptocoBlia,  all  its  other  characters  are  the  same 
as  those  of  Ccelospira.  Under  these  circumstances  it  appears  best,  for  the 
present  at  least,  to  refer  all  American  species  of  Leptoccelia  and  Ccelospira 
to  Anoplotheca. 
Anoplotheca  aontiplicata  (Conrad).  Oorniferons  (Dev.). 

Atrypa  acutiplioata  Conrad,  Fifth  Ann.  Rep.  N.  Y.  Geol.  Survey,  1841,  p.  54.— 
Hall,  Fifteenth  Bep.  N.  Y.  State  Cab.  Nat.  Hist.,  1862,  pi.  U,  fig.  17. 

LeptoccBlia  acutiplicata  Hall,  Pal.  New  York,  IV,  1867,  p.  365,  pi.  67,  ftgs.  30-39. 

Coelospira  acutiplicata  Hall  and  Clarke,  Ibidem,  YIII,  Pt.  II,  1893,  p.  136,  pi.  53, 
figs.  32-39. 

Loc.  Waterville,  Cassville,  15ast  Victor,  etc..  New  York. 

Anoplotheca  Camilla  (Hall).  Oriskany  and  Up.  Helderberg  (Dev.). 

Ccelospira  concava  Hall  (non  Hall  1863),  Pal,  New  York,  IV,  1867,  p.  329. 
Coelospira  camiUa  HaU,  Ibidem,  1867,  pi.  52,  figs.  13-19 ;— Twentieth  Rep.  N.  Y. 

State  Cab.  Nat.  Hist.,  1867,  p.  168.— Hall  and  Clarke,  Pal.  New  York.  VIII, 

Pt.  II,  1893,  p.  136,  pi.  53,  figs.  24-31. 
I^c,  Caledonia,  New  York;  county  of  Haldimand,  Ontario. 

Anoplotheca  concava  (Hall).  Lower  Helderberg  (Dev.). 

Leptocoelia  concava  Hall,  Tenth  Bep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  107;— 
Pal.  New  York,  III,  1859,  p.  245,  pi.  38,  figs.  1-7.— Billings,  Canadian  Jour., 
VI,  1861,  p.  352,  fig.  127 ;— Geology  Canada,  1863,  p.  369,  fig.  383 ;  p.  957,  fig.  45L 

Coelospira  concava  Hall,  Sixteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1863, p.  60;— 
Trans.  Albany  Institute,  IV,  1863,  p.  146.— Meek,  American  Jour.  8ci.,  2d 
ser.,  XL,  1865,  p.  33.— HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  n,  1893,  p. 
134,  figs.  122, 123;  pi.  53,  figs.  20-23. 

Loc,  Albany  and  Schoharie  counties.  New  York ;  Kennedy  Channel,  Arctic  region. 

Anoplotheca  dichotoma  (Hall).  Oriskany  (Dev.). 

LeptocGBlia  dichotoma  HaU,  Pal.  New  York,  III,  1859,  p.  452,  pl.lOSB,  figs.  3.— 

Hall  and  Clarke,  Ibidem,  VIII,  Pt.  II,  1893,  p.  187. 
Loc.  Cumberland,  Maryland. 
Obs.  Possibly  the  young  of  Anoplotheca  fiabellites. 

Anoplotheca  flmbriata  (Hall).  Oriskany  (Dev.). 

LeptocGBlia  fimbnata  Hall,  Twelflih  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1859,  p.  2i3, 
fig.  $;— Pal.  New  York,  III,  1859,  p.  450,  pi.  103B,  fig.  2.— HaU  and  Clarke, 
Ibidem,  VIII,  Pt.  II,  1893,  p.  137,  pi.  53,  figs,  47-52,  54, 55. 

Loo.  Cumberland,  Maryland. 

Anoplotheca  fiabellites  (Conrad).  Oriskany  and  Oorniferons  (Dev.). 

Atrypa  fiabellites  Conrad,  Fifth  Ann.  Rep.  N.  Y.  Geol.  Survey,  1841,  p.  55. 

Atrypa  palmata  Morris  and  Sbarpe,  Quart.  Jour.  Geol.  Soc.  London,  II,  1846, 
p.  276,  pi.  10,  fig.  5. 

Orthis  palmata  Sharpe  and  Salter,  Trans.  Geol.  Soc.  London,  2d  ser.,  VII,  1856, 
p.  207,  pi.  26,  figs.  7-10. 

LeptocoDlia  propria  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  108. 

Leptoca)lia  fiabellites  Hall,  Twelfth  Rep.  Ibidem,  1859,  p.  33,  figs.  1,  2,  4;— Pal. 
New  York,  III,  1859,  p.  449,  pi.  103B,  fig.  1;  pi.  106,  fig.  1.— BilUngs,  Cana- 
dian Jour.,  VI,  1861,  p.  351,  fig.  126;— Geology  Canada,  1863,  p.  369,  fig. 
382.— Meek  and  Worthen,  Geol.  Survey  Illinois,  III,  1868,  p.  397,  pi.  8,  fig. 
3.— Billings,  Pal.  Fossils,  II,  1874,  p.  42,  pi.  3,  figs.  5, 6.— Steinmann,  American 
Naturalist,  XXV,  1891,  p.  856.— A.  Ulrich,  N.  Jahrb.  f.  Mineral.,  BeUageband, 
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Anoplotheoa  flabeUitei  (OoDrad) — Continued. 

VIII,  1892,  p.  60,  pi.  4,  figB.  9,  10-13.— HaU  and  Clarke,  Pal.  New  York, 
YIII,  Pt.  II,  1898,  p.  137,  pL  53,  fig8.4(M6,  53.— Von  Ammon,  Zeits.  Gesella. 
f^T  Erdk.,  Berlin,  XXVUI,  1893,  p.  363,  fig.  7. 

OrthiB  aymara  Salter,  Quart.  Jour.  Geol.  Soo.  London,  XVII,  1861,  p.  68,  pi.  4, 
fig.  14. 

Orthia  palmata  Sborpe  and  Salter,  Trans.  Geol.  Soc.  London,  2d  ser.,  VII,  1856, 
p.  207,  pi.  26,  fig».  7-10. 

Loc.  Schoharie,  etc.,  New  York;  county  of  Haldimand,  Ontario;  Ga0p6;  Cum- 
berland, Maryland;  Union  County,  lUinois;  Bolivia;  TonquarasRa,  Matto 
Grosso,  Brazil;  Falkland  Islands;  South  Africa. 

AnoplothMa  hemispheriea  (Sowerby).  Clinton  (Sil.). 

Atrypa  hemispheriea  Sowerby,  Murchison's  Silurian  System,  1839,  p.  639,  pi.  20, 

fig.  7.— HaU,  Pal.  New  York,  II,  1852,  p.  74,  pi.  23,  fig.  10.— Billings,  Geology 

Canada,  1863,  p.  318,  fig.  337. 
Atrypa  hemisphericaf  Hall,  Geology,  N.  Y. ;  Bep.  Fourth  Diet.,  1843,  p.  73,  fig.  4. 
LeptoccBlia  hemispheriea  Hall,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1859, 

p.  77. — Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Survey, 

1889,  p.  152,  pi.  32,  figs.  21-23,  36-39.— Foerste,  Proc.  Boston  Soc.  Nat.  Hist., 

XXIV,  1890,  p.  325,  pi.  6,  figs.  18, 19. 
Atrypa  fiabeUa  Shaler,  Bull.  Mns.  Comp.  Zool.,  4, 1865,  p.  68. 
CcBlospiraf  hemispheriea  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p. 

136,  pi.  82,  figs.  1-4  (f  pi.  62,  fig.  16). 
Loc.  England;  Kochester,  Sodus,  and  Waloott,  New  York;  Louisyille,  Kentucky; 

Cumberland  Gap,   Tennessee;   Ringgold,  Georgia;  CoUinsville,  Alabama; 

Arisaig,  Nova  Scotia  (Ami);  Anticosti. 

Anoplotheea  infrequeni  ( Walcott).  Lower  and  Upper  Devonian. 

Trematospira  infreqnens  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  151, 

pi.  4,  fig.  3. 
Lae.  Lone  Mountain,  Nevada. 
0h9.  The  exterior  is  like  that  of  A.  flabellites. 

Anoplotheea  planooon^eza  (Hall).  Clinton  (Sil.). 

Atrypa  planoconvexa  HaU,  Pal.  New  York,  II,  1852,  p.  75,  pi.  23,  fig.  11.— Bil- 
lings, Geology  Canada,  1863,  p.  318,  fig.  336. 

Leptocoelia  planoconvexa  Hall,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1859, 
p.  78. — ^Nicholson  and  Hinde,  Canadian  Jonr.,  n.  ser.,  XIV,  1874,  p.  144. 

CcBlospira  f  planoconvexa  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893, 
p.  136,  pi.  52,  fig.  15;  pi.  53,  figs.  11-16. 

Loc.  Flamborough  Head,  Ontario;  Niagara  of  Wisconsin  (Whitfield). 

Anoplotheea  pUcatnla  (Hall).  Glinfx)n  (Sil.). 

Atrypa  plicatula  Hall,  Geol.  N.  Y.;  Rep.  Fourth  Diet.,  1843,  p.  71,  fig.  4;— Pal. 

New  York,  II,  1852,  p.  74,  pi.  23,  fig.  9. 
LeptoccBliaf  plicatula  Hall,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1859, 

p.  78. 
Rhynchonella  plicata  Miller,  N.  American  Geol.  Pal.,  1889,  p.  369. 
CoBlospiraf  plicatula  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  136, 

pi.  52,  figs.  12^14;  pi.  82,  fig.  5. 
Lac.  Reynales  Basin,  New  York;  Niagara  of  Wisconsin  (Whitfield). 

ATHTBI8  McCoy  (emend  Hall  and  Clarke). 

Genotype  Terebratula  concentrica  von  Bach. 

Athyris  McCoy,  Carb.  Fossils  Ireland,  1844,  pp.  128,  146.— Hall,  Thirteenth  Rep. 
N.  Y.  State  Cab.  Nat.  Hist.,  1860,  p.  73.— BUlings,  Canadian  Jour.,  V,  1860, 
Bull.  87 10 
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ATHTBI8  McCoy  (emend  Hall  and  Olarke)— Continued. 

p.  273;— Ibidem,  VI,  1861,  p.  138;— Pal.  Foasils,  I,  1862,  p.  144.— HaU,  Twen- 
tieth Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1867,  pp.  152,  258;— Pal.  New  York, 
IV,  1867,  p.  282.— BiUings,  American  Joar.  Sci.,XLIV,  1867,  p.4«.— Herrick, 
Ball.  Denison  Univ.,  IV,  1888,  p.  14.— Nettelrotb,  Kentucky  Fosflil  Sheila, 
Mem.  Kentucky  Geol.  Survey,  1889,  p.  87.— Hall  and  Clarke,  Pal.  New  York, 
VUI,  Pt.  II,  1893,  p.  83,  fig.  57  on  p.  86;— Thirteenth  Ann.  Rep.  N.  Y.  State 
Geologist,  1895,  p.  777. 

Spirigera  d'Orbigny,  Paris  Acad.  Sci.,  Comptes  Rendns,  XXY,  1847,  p.  268. 

Euthyris  Qnenstedt,  Petrefaotenknude  Deutschlands,  1871,  p.  442. 

Atbyris  americana  Swal]ow=Cleiotbyri8  roissyi. 

Athyrifl  angelica  Hall.  Chemung  (Dev.). 

AthyriH  angelica  Hall,  Fourteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1861,  p.  99;— 
Fifteenth  Rep.  Ibidem,  i862,  pi.  3,  figs.  10-13,  24;— Pal.  New  York,  IV,  1867, 
p.  292,  pi.  47,  figs.  9-20.— Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884, 
p.  148.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  90,  pi.  45, 
figs.  26-30. 

Loc.  Phillipsburg,  Rock ville, etc.,  New  York;  Meadville,  Pennsylvania;  Eureka 
district,  Nevada. 

Athyris  angelica  oocidentalii  Whiteaves.  Hamilton  (Dev.). 

Athyris  angelica  occidentalis  Whiteaves,  Cont.  Canadian  Pal.,  I,  1891,  p.  227, 

pi.  32,  fig.  3. 
Xoc.  Athabasca  River,  Canada. 

Athyris  asblandensis  Herrick=:A.  lamellosa. 

Athyris  hiloha  (A.  Wincbell).  Kinderhook  (L.  Carb.). 

Spirigera  biloba  A.  Wincbell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1865,  p.  118. 
Loc.  Rockford,  Indiana. 

Ohs.  This  Hpecies  is  not  well  established  and  is  based  upon  a  single  ventral 
valve. 

Athyris  blancba  Billings=Meri8tella  blancha. 
Athyris  borealis  Billing8=Catazyga  erratica. 

Athyris  hrittsi  Miller.  Middle  Devonian. 

Athyris  brittsi  Miller,  Eighteenth  Ann.  Rep.  Geol.  Survey  ludi ana,  1894,  p.  314, 

pi.  9,  figs.  16-18. 
Loc,  Near  Ottervillo,  Missouri. 
Obs,  Probably  the  same  as  A.  spiriferoides. 

Athyris  caputserpentis  Swallow=Seminnla  caputserpentis. 

Athyris  charitonensis  Swallow=Seminula  cbaritonensis. 

Athyris  cliloe  Billing8=Parazyga  birsata. 

Athyris  clara  Billings=Meristella  naauta. 

Athyris  claytoni  Swallow =Seimnula  claytoni. 

Athyris  clintonensis  Swallow ssCleiotbyris  clintonensis. 

Athyris  clusia  Billings=Meri8tella  clasin. 

Athyris  concentrica  Billings  (non  von  Bnch)=A.  spiriferoides. 

Athyris  congesta  Conrad=Hyatella  congest.a. 

Athyiis  cora  Hall.  Hamilton  and  Cbemnng  f  (Dev.). 

Athyris  cora  Hall,  Thirteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1860,  p.  94;— 

Fifteenth  Rep.  Ibidem,  1862,  pi.  3,  figs.  15,  16;— Pal.  New  York,  IV,  1867,  p. 

291,  pi.  47,  figs.  1-7.— Hall  and  Clarke,  Ibidem,  VIII,  Pt.  II,  1893,  p.  90,  pi. 

45,  figs.  6-10. 

Loc,  Delphi,  New  York. 

Digitized  by  LjOOQIC 


scHUGHUEr.]  INDEX   AND  BIBLIOGAAPUY.  147 

AthyiiB  (1)  oorpnlenta  (A.  Winchell).  Kinderhook  (L.  Garb.). 

Spirigera  corpulenta  A.  Winohell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1863,  p.  6. 
Loe.  Burlington,  Iowa. 

Athyris  crassicardmalis  White^GIeiothyris  crassicardmalis. 
Athyris  crassirostra  Billing8= Whitfieldella  cylindrica. 
Athyris  cylindrica  Billing8= Whitfieldella  cylindrica. 

Athyris  densa  Hall  and  Clarke.  St.  Louis  (L.  Garb.). 

Athyris  deosa  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  p.  364,  pi.  46, 

figs.  6-12. 
Loc.  Washington  Connty,  Indiana;  Coleshnrg,  Kentucky . 
06«.  Compare  with  Centronella  ( f )  craasicardinaliB. 

Athyris  differentis  McGhe8ney=8eminala  argentea. 
Athyris  eborea  A.  Winchell=A.  vittata. 
Athyris  euzona  Swallow=Seminala  formosa. 
Athyris(f )  formosa  Swallow =Seminala  formosa. 

Athyris  Mtonensis  (Swallow).  Goruiferoas  and  Hamilton  (Dev.). 

Spirigera  foltonensis  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  I,  July  or  August,  1860, 
p.  650. 

Spirigera  minima  Swallow,  Ibidem,  1860,  p.  649. 

Athyris  vittata  HaU,  Thirteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1860,  p.  89;— 
Pal.  New  York,  IV,  1867,  p.  289,  pi.  46,  figs.  1-4.— White,  Second  Aun.  Rep. 
Indiana  Bureau  of  Statistics  and  Qeol.,  1880,  p.  502,  pi.  4,  figs.  8,  9;— Tenth 
Rep.  State  Qeol.  Indiana,  1881,  p.  134,  pi.  4,  figs.  8, 9.— Nettelroth,  Kentucky 
Fossil  Shells,  Mem.  Kentucky  Oeol.  Survey,  1889,  p.  87,  pi.  16,  figs.  25-32.— 
Whiteaves,  Cont.  Canadian  Pal.,  1, 1892,  p.  228.— Hall  and  Clarke,  Pal.  New 
York,  VIII,  Pt.  II,  1893,  p.  90,  figs.  62,  63;  pi.  45,  figs.  1-5.— Keyes,  Geol. 
Survey  Missouri,  V,  1895,  p.  90,  pi.  41,  fig.  1. 

Spirigera  eborea  A.  Winchell,  Rep.  Lower  Peninsula  Michigan,  1866,  p.  94. 

Loe.  Callaway  County,  Missouri;  Iowa  City  and  New  Buffalo,  Iowa;  Falls  of 
Ohio;  Alpena,  Michigan;  Lake  Winnipegosis,  Manitoba. 

Obg.  Specimens  of  S.  fultonensis  Swallow  and  S.  eborea  Winchell  in  the  writer's 
collection  prove  to  be  the  same  as  A.  vittata  Hall. 

Athyris  hannibalensis  (Swallow).  Ghouteau  (L.  Garb.). 

Si>irigera  hannibalensis  Swallow,  Trans.  St.  Louis  Acad.  Bci.,  I,  1860,  p.  649. 
Athyris  hannibalensis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  90, 
pi.  46,  figs.  13-15.— Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  90,  pi.  40,  fig.  9. 
Loc,  Ciarksville,  Hannibal,  etc.,  Missouri;  Sciotoville,  Ohio. 
Oba,  Meek  was  inclined  to  regard  this  species  the  same  as  A.  lamellosa.    It  is, 
however,  distinct.    See  A.  missonriensis. 

Athyris  harpalyce  BilliDgssWhitfieldella  harpalyce. 

Athyris  hawui  Swallow =Seminala  hawni. 

Athyris  headi  Billing8=Gatazyga  headi. 

Athyris  headi  anticostiensis  Billings =Gatazyga  erratica. 

Athyris  headi  borealis  Billings =Gatazyga  erratica. 

Athyris  hirsuta  Hall=Gleiothyris  hirsuta. 

Athyris  incrasiata  Hall.  Burlington  (L.  Garb.). 

Athyris  incrassata  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  600,  pi.  12,  fig. 

6.— Hall  and  Clarke,  Pal.  New  York,  VIH,  Pt.  II,  1893,  p.  90,  pi.  46,  fig.  21; 

pi.  83,  fig.  39. 
Athyris  incrassatns  Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  91,  px.  41,  fig.  10. 
Loe.  Borlington,  Iowa;  Quincy,  lUinois;  Hannibal,  Missouri. 
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Athyris  intermedia  Nicholson  =:W1iitfieldella  intermedia. 

Athyiif  intervarica  McChesney.  Burlington  (Ij.  Garb.). 

Athyris  intervarica  MoCbesney;  Descriptions  New  Pal.  Foes.,  1861,  p.  78- 
Loc,  Burlington,  Iowa. 
Oba,  May  be  the  same  as  A.  lamellosa  L'Eveill^. 

Athyris  (?)  jacksoni  (Swallow).  Upper  Goal  Measores. 

Spirigera  jacksoni  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  1, 1860,  p.  651. 
Loo,  Cass  Coanty,  Missouri. 

Athyris  julia  Billing8=WhitfleIdeUa  julia. 
Athyris  junia  Billing8=Hyattella  junia. 

Athyrii  lamellosa  (UEveille).  Waveriy-Keoknk  (L.  Garb.). 

Spirifer  lamellosns  L'Eveill6,  M^m.  Soc.  G^ol.  tie  France,  II,  1835,  p.  39,  figs. 

21-28. 
Athyris  lamellosa  Meek,  Pal.  Ohio,  II,  1875,  p.  283,  pL  14,  fig.  6.— Herrick,  Bun 
Denison  Univ.,  Ill,  1888,  p.  49,  pi.  2,  fig.  7.— Hall  and  Clarke,  PaL  New  York, 
VIII,  Pt.  II,  1893,  p.  90,  pi.  46,  figs.  16-20. 
Athyris  ashlandensis  Herriok,  Bull.  Denison  Univ.,  IV,  1888,  p.  24,  pi.  3,  fig.  6; — 

GeoL  Ohio,  VII,  1895,  pi.  23,  fig.  10. 
Loc.  Europe;  Sciotoville,  and  Licking  County,  Ohio;  Lebanon,  Kentucky;  Craw- 

fordsville,  Indiana;  New  Mexico. 
Ohs.  See  A.  intervarica  McChesney. 
Athyris  lara  Billings==Atrypa  lara. 
Athyris  maconensis  Swallow =Seminula  maconensis. 
Athyris  maia  Billings=Martinia  maia. 
Athyris  minima  Swallow=A.  fnltonensis. 

Athyris  minutisBima  Webster.  Ghemong  (Dev.). 

Athyris  minutiseima  Webster,  American  Nat.,  XXII,  1888,  p.  1015. 
Loo,  Near  Rookford,  Iowa. 

Athyris  missouriensis  Swallow  =:Gleiothyris  missonriensis. 

Athyris  missonriensis  (A.  Winchell).  Ghonteau  (L.  Garb.). 

Spirigera  missouriensis  A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1865, 

p.  117. 
Loo.  Louisiana,  Missouri ;  Medina  Coanty,  Ohio. 
Oh8,  Should  be  compared  with  A.  hannibalensis. 

Athyris  monticola  (White).  Lower  Garboniferoas. 

Spirigera  monticola  White,  Wheeler's  Geogr.  Geol.  Expl.  and  Survey  west  100 

Merid.,  Prel.  Rep.,  1874,  p.  16;~Final  Rep.  Ibidem,  IV,  1875,  p.  91,  pi.  5, 

fig.  11. 
Loc,  Mountain  Spring,  Nevada. 

Athyris  naviformis  Billings=Whitfieldella  naviformis. 
Athyris  nitida  Billings= Whitfieldella  nitida. 
Athyris  obmaxima  McGhesney=Gleiothyris  obmaxima. 
Athyris  obvia  McGhe8ney=Gleiothyris  obvia. 

Athyris  ohioensis  (A.  Winchell).  Waverly  (L.  Garb.). 

Spirigera  ohioensis  A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1865,  p.  118. 

Athjrris  ohioensis  Herrick,  Bull.  Denison  Univ.,  Ill,  1888,  p.  49,  pi.  2,  fig.  1. 

Loc,  Akron  and  Sciotoville,  Ohio. 
Athyris  orbicularis  McGhe8ney=Gleiothyris  orbicularis. 
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AthyriB  (?)  ottervilleniis  Miller.  Middle  Devonian. 

Athyris  ottervillensiB  Miller,  Eighteenth  Ana.  Rep.  Qeol.  Survey  Indiana,  18d4, 

p.  314,  pi.  9,  figs.  14, 15. 
Loe.  Near  Otterville,  Missouri. 

Athyiii  papilioniformii  McChesuey.  Kaskaskia  (L.  Carb.). 

Athyris  spiriferoides  McChesney  (non  Eaton,  1831),  Descriptions  New  Pal.  Foss., 

1860,  p.  46. 
Athyris  f  papilioniformis  McChesney,  Ibidem,  1865,  pi.  6,  fif(.4; — ^Trans.  Chicago 

Acad.  Sci.,  1, 1868,  p.  33,  pi.  6,  fig.  4. 
Loc.  Fountain  Bluff,  Illinois. 
Athyris  parvirostris  Meek  and  Worthcn=Gleiothyris  roissyi. 

AthyriB  parvnla  Whiteaves.  Hamilton  (Dev.). 

Athyris  panmla  Whiteaves,  Cont.  Canadian  Pal.,  1, 1891,  p.  228,  pi.  32,  figs.  4,  5. 

Xoc.  Athabasca  River,  Canada. 
Athyris  pectiniferaf  Swallow  (non  Sow€rby)=Cleiothyrig  roissyi. 

Athyris  (1)  perinflata  McChesney.  Keokuk  (L.  Carb.). 

Athyris  perinflata  McChesney,  Descriptions  New  Pal.  Foss.,  1861,  p.  81. 

Xoc.  Nanvoo,  Illinois. 
Athyris  i>ersinnata  Meek=Seminala  persinuata. 
Athyris  planosnlcata  American   authors  (non  Phillips) =Cleiothyris 

roissyi. 
Athyris  plattensis  S wallow =Semiimla  plattensis. 
Athyris  polita  HaU.  Ohemnng  (Dev.). 

Atrypa  polita  Hall,  Oeol.  N.  Y. ;  Rep.  Fourth  Diet.,  1843,  Tables  of  Organic 

Remains,  65,  fig.  5. 
Athyris  f  polita  Hall,  Pal.  New  York,  IV,  1867,  p.  293,  pi.  47,  figs.  21-33. 
Athyris  polita  Hall  and  Clarke,  Pal.  New  York,yiII,  Pt.  II,  1895,  pi.  46,  figs.  1-5 
Loc.  Jasper,  Randolph,  and  Albion,  New  York. 
Athyris*prinstana  Billings=Hindella  prinstana. 

Athyris  pnmti  (Swallow).  Chouteaa  (L.  Carb.). 

Spirigera  pronti  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  I,  1860,  p.  649. 
Athyris  pronti  Keyes,  Geol.  Snr\'^ey  Missouri,  Y,  1895,  p.  91. 
Loc.  St.  Louis  County,  etc.,  Missouri. 

Athyris  reflexa  Swal]ow=Cleiothyris  reflexa. 

Athjrris  roissyi =Cleiothyri8  roissyi. 

Athyris  singletoni  Swallow  =.Seminula  singletoni. 

Athyris  (1)  solitaria  Billings.  Anticosti  (Sil.). 

Athyris  solitaria  Billings,  Catalogue  Sil.  Foss.  Anticosti,  1866,  p.  48. 
Loc.  Anticosti. 

Athyris  spiriferoides  McChesney  (non  Baton)  =  A.  papilioniformis. 

Athjrris  spiriferoides  (Baton).  Corniferous  and  Hanulton  (Dev.). 

Terebratnla  spiriferoides  Eaton,  American  Jour.  Sci.,  XXI,  1831,  p.  137;— Geo- 
logical Text-book,  1882,  p.  46. 

Atrypa  concentrica  Conrad  (non  von  Bach),  Ann.  Rep.  Geol.  Survey  New  York, 
1838,  p.  111.— Hall,  Geol.  New  York;  Rep.  Fourth  Dist,  1843,  p.  198,  fig.  5. 

Spirifera  spiriferoides  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  153, 
figs.  1,  2.— Rogers,  Oeol.  Pennsylvania,  II,  Pt.  II,  1858,  p.  828,  fig.  667. 

Athyris  spiriferoides  Hall,  Thirteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1860, 
p.  d3,  figs.  1-4;— Fifteenth  Rep.  Ibidem,  1862,  p.  180,  figs.  1-4;— Pal.  New 
York,  IV,  1867,  p.  286,  pi.  46,  figs.  5-81.— Hall  and  Clarke,  Pal.  New  York, 
Vm,  Ft.  II,  1893,  p.  89,  ligs.  60,  61 ;  pi.  45,  figs.  11-27.  ^  j 
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Athyris  spiriferoides  (Eaton)—  GontiDued. 

Athyiis  concontrica  BillingB,  Canadian  Jonr.,  YI,  1861,  p.  145,  figs.  54-57  ;~GeoI. 

Canada,  1863,  p.  373,  fig.  399;  p.  385,  fig.  421. 
Loc.  New  York ;  Pennsylvania ;  Maryland ;  Virginia ;  Cayuga  and  Widder,  Canada. 

Atliyris  squamosa  Worthen=G]eiothyTis  sqoamosa. 
Atbyris  sublamellosa  Ha11=Gleiothyri8  roissyi. 
Atbyris  sabqaadrata  Hall=S6minnla  subquadrata. 
Atbyris  sabtilita  Hall=B6iniDula  argentea. 
Atbyris  trinuclens  Hall=Seininala  trinucleus. 
Atbyris  trisinuatus  McGbesiiey=MeristiDa  trisinQata. 
Atbyris  tumida  Koeiner=Meristina  tumida. 

Athyrifl  (?)  tumidnla  Billiugs.  Anticosti  (Sil.).- 

Athyris  tamidnia  Billings,  Catalogae  Sil.  Foss.  Anticosti,  1866,  p.  47. 
Loo.  Anticosti. 
0(s.  Probably  a  species  of  Whitfieldella. 

Athyrii  (1)  tnrgida  Sbaler.  Anticosti  (Sil.). 

Atbyris  tnrgida  Sbaler,  Ball.  Mas.  Comp.  Zool.,  4,  1865,  p..  69.— Miller,  N.  Ameri- 
can Geol.  Pal.,  1889,  p.  335. 
Loc.  Anticosti. 

Atbyris  ultravarioa  McGbesney.  Keoknk  (L.  Garb.). 

Atbyris  ultravarica  McCbeeney,  Descriptions  New  Pal.  Fossils,  1861,  p.  79. 

Loc,  Keokuk,  Iowa. 
Atbyris  umbonata  Billings  sHindcUa  nmbonata. 
Atbyris  nnisalcata  BilliuKS^Pentagonia  unisnlcata. 
'Atbyris  vittata  Hall=A.  fultonensis. 
ATBTPA  Dalman.  Genotype  Anoinia  reticnlaris  Linnfena. 

Atrypa  Dalmnn,  Kongl.  Svenska  Vet.-Akad.  Handl.,  for  1827,  1828,  p.  102.— 
Billings,  Canadian  Nat.  Geol.,  I,  1856,  p.  134 ;— Canadian  Jonr.,  VI,  1861,  p. 
264.— Whitfield,  Twentietb  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1867,  p.  141,  pi. 
1.— HaU,  Pal.  New  York,  IV,  1867,  p.  312.— Nettelrotb,  Kentucky  Fossil 
Shells,  Mem.  Kentucky  GooJ.  Survey,  1889,  p.  88.— Hall  and  Clarke,  Pal.  New 
York,  VIlI,  Pt.  II,  1893,  p.  163;— Thirteenth  Ann.  Rep.  N.  Y.  State  Geolo- 
gist,  1895,  p.  8L8. 

Atrjrpa  sequiradiata  Gonrad=Rens8eljBria  aBquiradiata. 

Atrypa  acutiplicata  Gonrad=Anop1otbeca  acutiplicata. 

Atrypa  acatirostram  HalI=Rbyncbonel1a  acutirostiis. 

Atrypa  affinis  Yannxeni=A.  reticularis. 

Atrypa  altilis  HaIl=GamarotGBcbia  plena. 

Atrypa  ambigaa  Hall=Gamarella  ambigna. 

Atrypa  aprinis  Hall=IToinoeospira  apriniformis. 

Atrypa  arata  Conrad = Pen  tamerella  arata. 

Atrypa  aspera  American  autbor8= A.  spinosa. 

Atrypa  aspera  occidentalis  Hall = A.  bystrix  occidentalis. 

Atrypa  bidens  Hall=Rbyncbonella  bidens. 

Atrypa  bidentata  Hnl1=Ebyncbonella  bidentati 

Atrypa  bisulcata  Hall  (non  Vannxem)=Gyclosi)ira  bisulcata. 

Atrypa  bisulcata  Vanuxein  (non  Hall)  =  Wbitficldclla  bisulcata, 

Atrypa  brevirostris  Hall=:Anastropbia  brevirostris. 
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Atrypa  calvini  Nettelroth= A.  rngo9a. 

Atrypa  camnra  HaUssTreiuatospira  canmra. 

Atrypa  capax  Conrad =Bhyncliotrema  capax. 

Atrypa  chemongeusis  Goiirad= A.  reticulai'is. 

Atrypa  circalus  Hall=Para8trophia  hemiplicata. 

Atrypa  comia  Oweii=sGypidula  comis. 

Atrypa  coiiceutrica  Conrad,  and  Hall= Athyris  spiriferoides. 

Atrypa  concinua  Hall^Nacleospira  coiicinua. 

Atrypa  congests  Conrad  =:HyatteIla  cougesta. 

Atrypa  congregata  Oonrad=Camarot(»chia  congregata. 

Atrypa  contracta  Hall=:Caniarot<Bchia  contracta. 

Atrypa  corallifera  Hall=DictyonelIa  corallifera. 

Atrypa  crassirostrum  HaIl=:Whitfieldel1a  cylindrica. 

Atrypa  cuboides  Yaiiuxeni,  and  Hall=:Hypotbyri8  cuboides. 

Atrypa  caneata  Hall=Bhyncbotretra  cuneata  aiuericana. 

Atrypa  cuspidata  nall=Triplecia  cnspidata. 

Atrypa  cylindrica  Hall=Whitfieldella  cylindrica. 

Atrypa  deflecta  iIall=:Zygo8plra  deflecta. 

Atrypa  dentata  HallrrRbyncbotrema  dentata. 

Atr3rpa  desqnamata  Sowerby.  Middle  Devonian. 

Atrypa  desquamata  Sowerby,  Trans.  Geol.  Soc.,  2d  ser.,  V,  1840,  pi.  56,  tigs. 

19, 20.— Walcott,  Mod.  U.  S.  Geol.  Sarvey,  VIII,  1884,  p.  150,  pi.  14,  iig.  4. 
Lac.  £urope;  Petoskey,  Michigan;  Eureka  district,  Nevada. 

Atrypa  disparilis  HalI=Atry]»ina  disparilis. 
Atrypa  dnbia  Hall==Protorhyncba  dubia. 
Atrypa  dumosa  Halls^A.  spinosa. 
Atryjja  duplicata  Hall=Camarot(Bcbia  duplicata. 

Atrypa  ellipsoidea  Nettelrotb.  Corniferons  (Dev.). 

Atrypa  ellipsoidea  Nettelroth,  Kentacky  Fossil  Shells,  Mem.  Kentucky  Geol. 

iSnrvey,  1889,  p.  90. 
Loc\  Falls  of  Ohio. 

Atrypa  elongata  Conrad=Keu88elseria  ovoides. 
Atrypa  emacerata  Hall=Bbyncbonella  emacerata. 
Atrypa  eqoiradiata  Hall=CamarotcBcbia  eqniradiata. 
Atrypa  exigua  Hall=Zygo8pira  exigua. 
Atrypa  eximia  Uall=Cainarot<Bcbia  eximia. 
Atry])a  extans  Eumions=Triplecia  extsins. 
Atrypa  flabella  Sbalcr=Anoplotheca  liemispberica. 
Atrypa  flabellites  Conrad =Anop]otbeca  flabellite8. 
Atrypa  galeatns  Dalmau=Oypidula  galeata. 

Atrypa(?)  gibbosa  Hall.  Clinton  (Sil.). 

Atrypa  gibbosa  Hall,  Pal.  New  York,  II,  1852,  p.  79,  pi.  20,  fig.  10. 
Loc.  Clinton,  New  York. 

Atrypa  globuliformis  Vanuxein=Leiorbyncbu8  globuliforme. 
Atrypa  hemiplicata  Hall = Paras tropbia  bemiplicata. 
Atrypa  heinispberica  Sowerby =Anop1otbeca  hemispberica. 
Atrypa  hirsuta  Hall=Parazyga  birsuta. 
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Atrypa  hystriz  Hall.  Ohemuug  (Dev.)- 

Atrypa  hystrix  Hall,  Geology  N.  Y. ;  Eep.  Fourth  Diet.,  184S,  p.  271,  fig.  2.— Rog- 
ers, Geol.  Pennsylvania,  II,  Pt.  II,  1858,  p.  829,  fig.  681.— HaU,  Pal.  New 
York,  IV,  1867,  p.  326,  pi.  53A,  figs.  16-17.— Whitfield,  Geol.  WiBconsin.  IV, 
1882,  p.  333,  pi.  26,  fig.  5.— Hall  and  Clarke,  Pal.  New  York,  Vni,  Pt.  II, 
1895,  pi.  55,  fig.  23. 

Loc,  Stenben  Connty,  New  York;  Pennsylvania;  Rooklbrd,  Iowa;  Milwaukee, 
Wisconsin. 

.0&«.  See  A.  spinosa. 

Atrypa  hystrix  elongata  Webster.  Chemung  (Dev.). 

Atrypa  hystrix  var.  elongata  Webster,  American  Nat.,  XXII,  1888,  p.  1104. 
Loc.  Near  Rooklbrd,  Iowa. 

Atrypa  hystrix  ocoidentalis  Hall.  Middle  DevouiaiL. 

Atrypa  aspera  var.  ocoidentalis  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  515, 
pi.  6,  fig.  3.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi.  55,  figs. 
18-20. 

Atrypa  aspera  Meek  and  Wortheu,  Geol.  Survey  Illinois,  III,  1868,  p.  408,  pi.  13, 
fig.  7. 

Aoc.  Independence,  Davenport,  etc.,  Iowa;  Rock  Island,  Illinois. 

Oh»,  This  variety  is  probably  more  closely  related  to  A.  hystrix  than  to  A.  aspera. 

Atrypa  hystrix  planosoloata  Webster.  Ghemang  (Dev.). 

Atrypa  hystrix  var.  planosulcata  Webster,  American  Nat.,  XXII,  1888,  p.  1104. 
Loc,  Near  Rockford,  Iowa. 

Atrypa  imbricata  Hall  (non  Sowerby)=A.  iiodostriata. 
Atrypa  impressa  Hall=A.  reticularis  impressa. 
Atrypa  impressa  Shaler  (non  Hall)=A,  reticularis, 
Atrypa  increbescens  Hall=:Ehyuchotrema  insequivalvis. 
Atrypa  intermedia  Hall= Whitfieldella  intermedia. 
Atrypa  interplicata  Hall=Anastrophia  interplicata. 
Atrypa  laBvis  yauuxem=Meristella  laevis. 
Atrypa  lacunosa  yauuxem= Anastrophia  verneuili. 
Atrypa  lamellata  Hall=Rhynchonella  lamellata. 

Atrypa(?)  lara  (Billings).  Anticosti  (Sil.). 

AthyrlB  lara  Billings,  Catalogue  Sil.  Foss.  Anticosti,  1866,  p.  47. 

Atrypa  lara  Davidson,  Suppl.  British  Sil.  Brach.,  Palteontographical  Soc,  1882, 
p.  121. 

Loc.  Anticosti. 

0&«.  Said  to  have  a  true  Atry)»a  loop  and  spires.  The  exterior  is  smooth.  Prob- 
ably the  type  of  a  new  genus. 

Atrypa  latioorrugata  Foerste.  Clinton  (Sil.). 

Atrypa  lati-oorrugata  Foerste,  Geol.  Ohio,  VII,  1895,  p.  591,  pi.  57 A,  fig.  16. 
Loc,  Dayton,  Ohio. 

Atrypa  laticostata  Hall  (non  Phillips) =CamarotcBcliia  contracta. 
Atrypa  lentiformis  Vanuxem= A.  reticularis. 
Atrypa  limitaris  Hall^Lelorhynclms  limitare. 

Atrypa  (1)  lingulata  McoUet.  Lower  Carboniferous. 

Atrypa  lingnlata  Nicollet,  Rep.  Hydrog.  Basin  Up.  Miss.  River,  1843,  p.  167. 
''Subfusiform;  valves  nearly  equally  convex;  inferior  valve  with  a  longitudinal 
sinus ;  base  projecting  in  the  middle,  the  margin  of  the  projection  truncated. 
St.  Louis,  and  also  the  bluff  beneath  RockweU,  niinois." 
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Atrypa  maiginaliB  (Dalman).  Niagara  (Sil.). 

Teiebratnla  marginalia  Dalman,  Kongl.  Svenaka  yet.-Akad.  Uandl.,  for  1827, 

1828,  p.50,  pi.  6,  fig.  6. 
Atrypa  marginalia  Boemer,  Sil.  Fauna  west.  Tenneeaee,  1800,  p.  69,  pi.  6,  fig.  10. — 

Billings,  Catalogue  Sil.  Fom.  Antioosti,  1866,  p.  46. -Hall  and  Whitfield, 

Twenty-fourth  Eep.  New  York  State  Cab.  Nat.  Higt.,  1872,  p.  197.— Foewte, 

Froc.  Boston  Soo.  Nat.  Hiat.,  XXIV,  1890,  p.  314,  pi.  6,  fig8. 8,  9;— Geol.  Ohio, 

VII,  1895,  p.  591,  pi.  25,  figs.  6,  9;  pi.  31,  figs.  8,  9.— UaU  and  Clarke,  PaL 

New  York,  VIII,  Pt.  II,  1895,  pi.  55,  figs.  24,  25. 
Trematospira  matthewsoni  MoChesney,  Descriptions  New  Pal.  Fobs.,  1860,  p. 

71;— Trans.  Chicago  Acad.  Sci.,  I,  1868,  p.  32,  pi.  7,  fig.  3. 
Atrypa  nodostriata  Foerste  (non  Hall),  Bull.  Denison  Univ.,  I,  1885,  p.  90,  pi. 

^3,  fig.  9. 
Atrypa  marginalia  var.  mnltistriata  Foerste,  Proc.  Boston  Soc.  Nat.  Hist.,  XXIV, 

1890,  p.  316,  pi.  6,  fig.  8. 
Loc.  Europe ;  Anticosti ;  Dayton, Ohio;  Hanover,  Indiana;  Louisville,  Kentucky; 

Decatur  County,  Tennessee ;  Bridgeport,  Illinois. 

Atrypa  maionii  (Salter).  Bilurian. 

Rhynchonellamasonii  Salter,  Sutherland's  Jour.  Voyage  Bafflns  Bay,  etc.,  II,  1852, 
p.  ccxxi,  pi.  5,  fig.  5. — Etheridge,  Quart.  Jour.  Geol.  Soc.  London,  XXXIV, 
1878,  p.  596. 
Loc.  Near  Wellington  Channel,  Bessels  Bay,  lat.  81°  6'. 

Atiypa  medialis  yanaxein=Eatonia  medialis. 
Atrypa  mesaoostalis  nail=Leiorhyncha8  mesacostale. 
J  Atrypa  miBsoiuiennB  Miller.  Middle  Devonian. 

Atrypa  missouriensis  Miller,  Eighteenth  Ann.  Rep.  Geol.  Survey  Indiana,  1894, 

p.  315,  pi.  9,  figs.  19-21. 
Loc.  Near  Otterville,  Missouri. 

Atrypa  modesta  nall=Zygo8pira  modesta. 
Atrypa  nasata  Gonrad^Meristella  nasuta. 
Atrypa  naviformis  Hall=VV^hitfieldella  naviformis. 
Atrypa  neglecta  nail=Gainarotoechia  neglecta. 
Atrypa  nitida  Hall=:Whitfieldella  nitida. 
Atrypa  nitida  oblata  Hall= Wbitfleldella  oblata. 
Atrypa  nodostriata  Foerste  (non  Hail) = A.  marginalis. 

Atrypa  nodostriata  Hall.  Clinton  and  Niagara  (Sil.). 

Atrypa  imbricata  Hall  (non  Sowerby),  Geol.  N.  Y.j  Rep.  Fourth  Dist.,  1843, 
Tab.  Organic  Remains,  13,  fig.  1. 

Atrypa  nodostriata  Hall,  Pal.  New  York,  II,  1852,  p.  272,  pi.  56,  fig.  2.— HaH  and 
Whitfield,  Pal.  Ohio,  II,  1875,  p.  133,  pi.  7,  figs.  12-14. 

Loc,  Lockport,  New  York ;  Yellow  Springs,  Ohio;  Louisville,  Kentucky;  Wis- 
consin. 

Atrypa  nucleolata  Hall=Wliitfieldella  nucleolata. 

Atrypa  nucleus  Hall=Triplecia  nucleus. 

Atrypa  nustella  Ga8telnau=rEatonia  x)eculiaris. 

Atrypa  oblata  Hall= Whitfieldella  oblata. 

Atrypa  obtusiplicata  Hall=Camarot(Bchia  obtusiplicata. 

Atrypa  octocostata  Gonrad=Pentainerella  arata. 

Atrypa  palmata  Morris  and  Sharpe=Anoplotheca  flabellites. 

Atrypa  pecuiiaris  Gonrad=sEatonia  peculiaris. 
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Atrypa  phooa  (Salter).  SilariaD. 

Bhynobouella  phoca  Salter,  Satherland's  Jour.  Voyage  Baffins  Bay,  etc.,  II,  1852, 
p.  ccxxvi,  pi.  5,  figs.  1-3. 

Atrypa  pbuca  Etheridge,  Qaart.  Jonr.  Geol.  Soc.  London,  XXXIV,  1878,  p.  576. 

Loo.  Cape  Riley,  Comwallis,  Seal  Islands,  Beoaels  Bay,  lat.  81^  6',  and  Dobbins 
Bay,  lat.  7d^  41',  Arctic  America. 
Atrypa  planoconvexa  Hull=Anoplotheca  planoconvexa. 
Atry[)a  pleiopleara  Conrad ^Camarotcechia  pleiopleura. 
Atrypa  plena  HaIl=Cauiarot(Bchia  plena. 
Atrypa  plicata  HaIl=Bbynchouella  plicata. 
Atrypa  plicatella  Hall=:Bhynchonella  plicatella. 
Atrypa  plicatula  Hall=Auoplotbeca  plicatula. 
Atrypa  plicifera  Hall=Cainarota5chia  plena. 
Atrypa  polita  Hall= Athyris  polita. 
Atrypa  prisca  Vauuxem= A,  reticularis. 

Atrypa  piendomarginaliB  Hall.  Up.  Helderberg  (Dev.). 

Atrypa  psendomarginaiis  Hall,  Thirteeutb  Rep.  N.  Y.  State  Cab.  Nat.  Hist., 
1860,  p.  84;— Fifteenth  Rep.  Ibidem,  1862,  p.  189;— Pal.  New  York,  IV,  1867, 
p.  327,  pi.  53,  figs.  1,  2.— Hall  and  Clarke,  Ibidem,  VIII,  Pt.  II,  1895,  pi.  55, 
ilgs.  26,  27. 

Loc.  Schoharie,  New  York. 

Atrypa  (|uadricostata  Hall,  1843=:Ijeiorhyncbu8  quadrioostatum. 
Atrypa  quadricostata  Hall,  1852=Hyattel1a  cougesta. 
Atrypa  rectiplicata  Conrad =Spirifer  recti  plicatns. 
Atrypa  recurvirostris  Hall=Zyg08pira  recnrvirostriB. 

Atrypa  reticidaris  (LinuiBUS).  Silurian  and  Devonian. 

Anomia  reticnlaris  Lion<5,  Systema  Natnrie,  ed.  xii,  I,  1767,  p.  ll32. 

Atrypa  cbemnngensis  Conrad,  Jour.  Aoad.  Nat.  Sci.  Philadelphia,  VIII,  1842,  p.^ 
265.--Vanuxem,  Geol.  New  York;  Rep.  Third  Dist.,  1842,  p.  182,  fig.  4. 

Hipparionyzconsinularis  Vaanxem,  Geol.  New  York;  Rep.  Third  Dist.,  1842,  p. 
132,  fig.  2. 

Atrypa  affinis  Vanoxem,  Geol.  New  York;  Rep.  Third  Dist.,  1842,  p.  88,  fig.  12.— 
Hall,  Ibidem,  Rep.  Fourth  Dist ,  1843,  p.  88,  fig.  12. 

Atrypa  prisca  Vanuxem,  Geol.  Now  York ;  Rep.  Third  Diet.,  1842,  p.  139,  fig.  5. — 
Hall,  Ibidem,  Rep.  Fourth  Dist.,  1843,  p.  175,  fig.  5 ;  p.  198,  fig.  4.~0wen,  Geol. 
Expl.  Iowa,  Wisconsin,  Illinois,  1844,  pi.  12,  figs.  2,  10. — Billings,  Cauailiau 
Nat.  Geol.,  I,  1856.  p.  474,  pi.  7,  fig.  11. 

Atrypa  lentifurmis  Vanuxem,  Geol.  New  York;  Rep  Third  Dist.^  1842,  p.  163, 
fig.  3;  p.  164.— Hall,  Ibidem,  Rep.  Fourth  Dist.,  1843,  p.  215,  fig.  3. 

Strophomena  ithacensis  Vanuxem,  Geol.  New  York;  Rep.  Third  Dist.,  1842,  p. 
174,  fig.  2.    (On  the  authority  of  Professor  Williams.) 

Atrypa  tribnlis  Hall,  Geol.  New  York;  Rep.  Fourth  Dist.,  1843,  p.  271,  fig.  3. 

Terebratula  prisca  Castelnau,  Essai  Syst.,  811.  TAm^rique  Septentrionale,  1843, 
p.  40,  pi.  13,  fig.  8. 

Terebratula  reticularis  Hall,  American  Jour.  Soi.,  2d  ser.,  XX,  1849,  p.  227.— 
Yandell  and  Khumard,  Cont.  Geol.  Kentucky,  1847,  p.  10. 

Atrypa  reticularis  Hall,  Pal.  New  York,  II,  1852,  p.  72,  pi.  23,  fig.  8;  p.  270,  pi. 
55,  fig.  5.— Billings,  Canadian  Nat.  Geol.,  I,  1856,  p.  137,  pi.  2,  fig.  10.— Hall, 
Geol.  Survey  Iowa,  II,  1858,  p.  515;— Pal.  New  York,  III,  1859,  p.  253,  pi.  42, 
fig.  1.— Roemer,  Sil.  Fauna  west.  Tennessee,  1860,  p.  69,  pi.  5,  fig.  9.— Bil- 
lings, Canadian  Jour.,  VI,  1861,  p.  264,  figs.  84-87 ;— Geol.  Canada,  1863,  p.  318, 
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Atrypa  reticnlaiis  (LinnsBus) — OoDtinned. 

fig.  385;  p.  384,  fig.  416.— Hall,  Pal.  New  York,  IV,  1867,  p.  316,  pi.  52,  figs. 
1-3, 7-12;  pi.  53,  figs.  3-19;  pi.  53A,  figs.  22, 23.— Meek,  Tranfl.  Chicago  Acad. 
8ci.,  I,  1868,  p.  97,  pi.  13,  fig.  13.— Meek  and  Worthen,  Geol.  Survey  Illinois, 

III,  1868,  p.  432,  pi.  13,  fig.  11.— Meek,  Simpson's  Rep.  Expl.  Great  Btisia 
Terr.  Utah,  1876,  p.  347,  pi.  1,  fig.  6;— King's  U.  S.  Geol.  Survey  Expl.  40th 
Pari.,  IV,  1877,  p.  38,  pi.  1,  fig.  7;  pi.  3,  fig.  6.— Etheridge,  Quart.  Jour. 
Geol.  Soc.  London,  XXXIV,  1878,  p.  596.— Hall,  Twenty-eighth  Rep.  New 
York  State  Mns.  Nat.  Hist.,  1879,  p.  162,  pi.  25,  figs.  44-47.— White,  Sec. 
Ann.  Rep.  Indiana  Bnreaa  Statistics  and  Geol.,  1880,  p.  502,  pi.  5,  figs.  7-9;— 
Tenth  Rep.  State  Geol.  Indiana,  1881,  p.  134,  pi.  5,  figs.  7-9;— Ibidem, 
Eleventh  Rep.,  1882,  p.  304,  pi.  25,  figs.  44^7.— Whitfield,  Geol.  Wisconsin, 

IV,  1882,  p.  333,  pi.  26,  fig.  6.— Walcott,  Mon.  IT.  S.  (ieol.  Survey,  VIII, 
1884,  p.  150,  pi.  14,  fig.  6.— Beecher  and  Clarke,  Mem.  New  York  State  Mns. 
Nat.  Hist.,  1, 1889,  p.  51,  pi.  4,  figs.  12-20.— Nettel roth,  Kentucky  Fossil  Shells, 
Mem.  Kentucky  Survey,  1889,  p.  91,  pi.  14,  figs.  12-23;  pi.  15,  fig.  1.— Foerste, 
Proc.  Boston  Soc.  Nat.  Hist.,  XXIV,  1890,  p.  3U.— Whiteaves,  Cont.  Cana- 
dian Pal.,  I,  1892,  p.  289,  pi.  37,  fig.  8.— Hall  and  Clarke,  Pal.  New  York, 
VUI,  Pt.  II,  1893,  p.  165,  fig.  153;  pi.  55,  figs.  1-17.— Herrick,  Geol.  Ohio, 
VII,  1895,  pi.  20,  fig,  7. 

Atrypa  impressa  Shaler  (non  Hall),  Ball.  Mns.  Conip.  Zool.,  4,  1865,  p.  68. 
Lac,  A  characteristic  fossil  of  the  Silurian  and  Devonian  throughout  the  world. 

Atrypa  Tetionlaiis  impresn  Hall.  Schoharie  grit  (Dev.). 

Atrypa  impressa  Hall,  Tenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1857,  p.  122, 

agB.  1-7;— Pal.  New  York,  IV,  1867,  p.  315,  pi.  51,  figs.  1-9. 
Loc.  Schoharie,  Clarksville,  etc..  New  York. 

Atrypa  reticnlarifl  niagarenns  Nettelrotli.  Niagara  (Sil.). 

Atrypa  reticularis  var.  niagarensis  Nettelroth,  Kentucky  Fossil  Shells,  Mem. 

Kentucky  Geol.  Survey,  1889,  p.  92,  pi.  32,  figs.  5^.  44-17. 
Lac,  Jefferson  County,  Kentucky;  Clarke  Connty,  Indiana. 

Atrypa  reticularis  nimtia  Hall  and  Whitfield.  Hamilton  (Dev.). 

Atrypa  reticularis  Hall,  Pal.  New  York,  IV,  1867,  p.  316,  pi.  51,  figs.  10-24. 
Atrypa  reticularis  var.  nnntia  Hall  and  Whitfield,  Twenty-fourth  Hep.  New 

York  State  Cab.  Nat.  Hist.,  1872,  p.  199. 
JjOc,  Falls  of  Ohio. 

Atrsrpa  reticularis  ventricosa  Hall  and  Whitfield.  Hamilton  (Dev.). 

Atrypa  reticularis  Hall,  Pal.  New  York,  IV,  1867,  p.  316,  pi.  52,  figs.  4-6. 
Atrypa  reticularis  var.  ventricosa  Hall  and  Whitfield,  Twenty -fourth  Rep.  New 

York  State  Cah.  Nat.  Hist.,  1872,  p.  199. 
Loc,  Falls  of  Ohio. 

Atrypa  robuata  Hall=Ehynchonella  robnsta. 
Atrypa  rostrata  Hall^Meristella  rostrata. 

Atrypa  rogosa  Hall.  Niagara  (Sil.). 

Atrypa  rugosa  Hall,  Pal.  New  York,  II,  1852,  p.  271,  pi.  56,  fig.  1.— Hall  and 

Clarke,  Iliidem,  VIII,  Pt.  II,  1893,  p.  171. 
Rbynchonella  rugosa  Billings,  Geol.  Canada,  1863,  p.  315,  fig.  321. 
Atrypa  calvinl  Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Survey, 

1889,  p.  89,  pi.  32,  figs.  64-66. 
Lac,  Lov!.;"*rt,  New  York;  Anticosti;  Osgood,  Indiana;  Louisville,  Kentucky. 

Atrypa  scitula  Hall=Gharionella  scitula. 

Atrypa  8emiplicat.a  Conrad =Rhynchonella  seiniplicata. 

Atrypa  siugularis  Yanaxein=:Eatonia  singnlaris. 
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Atrypa  sordida  HalI=Bh3mchonella  sordida. 

Atrypa  tpinosa  Hall.  Ooraiferoas-Ghemnng  (Dev.). 

Atrypa  Bpioosa  Hall,  Geol.  New  York;  Rep.  Fourth  Dist.,  1843,  p.  200,  figs. 
1, 2.— Whitfield,  Qeol.  Wisconsin,  IV,  1882,  p.  333,  pi.  26,  figs.  7, 8.— HaU  and 
Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi.  55,  figs.  21, 22. 
Atrypa  damosa  Hall,  Geol.  New  York;  Rep.  Fourth  Dist.,  1843,  p.  271,  fig.  1. 
Atrypa  aspera  Hall  (non  Schlotheim),  Tenth  Rep.  New  York  State  Cab.  Nat. 
Hist.,  1857,  p.  168.— Rogers,  Geol.  Pennsylvania,  II,  1858,  Pt.  II,  p.  828,  fig. 
671.— Meek,  Trans.  Chicago  Acad.  Sci.,  I,  1868,  p.  96,  pi.  13,  fig.  12.— Net- 
telroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  88, 
pi.  14,  figs.  1-11. 
Atrypa  aspera  vel  aspera  Hall,  Pal.  New  York,  IV,  1867,  p.  322,  pi.  53A,  figs. 

1-14,  18,  24,  25. 
Atrypa  aaperaf  Meek,  Simpson's  Rep.  Expl.  Great  Basin  Terr.  Utah,  1876,  p. 

348,  pi.  1,  fig.  2. 
Atrypa  reticularis  var.  aspera  Whiteaves,  Cent.  Canadian  Pal.,  I,  1891,  pp. 

229,289. 
Loc.  New  York;  Pennsylvania;  Maryland;  Virginia;  Kentucky;  Ohio;  Illinois; 
Iowa;  Wisconsin;  OntArio;  Lockhart  and  Athabasca  rivers,  etc..  Northwest 
Territory,  Canada. 
OhB,  The  Comiferous  limestone  specimens  of  A.  spinosa  are  not  always  easily 
distinguished  IVom  A.  reticularis.     The  fewer  plications  of  the  former, 
however,  will  usually  distinguish  it  from  the  latter  species.    This  tendency 
to  fewer  plications  is  more  marked  in  the  Hamilton  formation  and  attains 
its  climax  in  the  Chemung,  where  the  species  is  known  as  A.  hystrix. 
Atrypa  sabtrigonalis  Hall=Bhyiichonella  BubtrigonaliB* 
Atrypa  salcata  Vanaxem^  WhitfieldeUa  sulcata. 
Atrjrpa  tenuilineata  Hall=Dalmanella  teuoilineata. 
Atrypa  tribulis  Hall = A.  reticularis. 
Atrjrpa  unguiformis  HalI=Hipparionyx  proximus. 
Atrypa  unisulcata  Conrad=PeDtagonia  uuisulcata. 
ATBTPIHA  Hall  and  Clarke.        Genotype  LeptocoBlia  imbricata  Hall. 

Atrypina  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  161,  fig.  152;— 
Thirteenth  Ann.  Rep.  New  York  State  Geologist,  1895,  p.  815. 

Atrypina  clintoni  Hall  and  Clarke.  Clinton  (Sil.). 

Atrypina  clintoni  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  162,  pi. 

53,  figs.  7,  17-19;  pi.  83,  fig.  6. 
Loc,  Orleans  County,  New  York. 

Atrypina  disparilis  (Hall).  Niagara  (SiL). 

Atrypa  disparilis  Hall,  Pal.  New  York,  11,  1852,  p.  277,  pi.  57,  fig.  6.— Hall  and 

Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi.  53,  figs.  1-4. 
Leptocoelia  disparilis  Hall,  Twelfth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1859, 

p.  77. 
Trematospiraf  disparilis  Hall,   Sixteenth   Rep.,   Ibidem,  1863,  p.  60;— Trans. 

Albany  Institute,  IV,  1863,  p.  146. 
Coelospira  disparilis  Hall,  Twenty-eighth  Rep.  New  York  State  Mns.  Nat.  Hist., 

1879,  p.  162,  pi.  25,  figs.  39-43 ;— Eleventh  Rep.  State  Geol.  Indiana,  1882, 

p.  363,  pi.  25,  figs.  39-43.— Beecher  and  Clarke,  Mem.  New  York  State  Mns. 

Nat.  Hist.,  If  1889,  p.  64,  pi.  5,  figs.  17-23. 
Loc,  Wolcott,  New  York ;  Waldron,  Indiana. 
OhB,  Davidson  in  1882  regarded  this  species  the  same  as  Atrypa  barrandex  of 

Europe. 

Digitized  by  LjOOQIC 


scHDCHwrr.)  INDEX   AND   BIBLIOGRAPHY.  157 

Atrypina  imbrieata  Hall.  Low^er  Helderberg  (Dev.). 

Leptocoelia  imbncata  Hall,  Tenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1857, 

p.  106;--Pal.  New  York,  III,  1869,  p.  246,  pi.  38,  figs.  8-13.— BiUings,  Qeol. 

Canada,  1863,  p.  957,  fig.  452. 
Trematoepira  imbrioata  Hall,  Sixteenth  Rep.  New  York  State  Cab.  Nat.  Hist., 

1863,  p.  60;— Trans.  Albany  Institnte,  IV,  1863,  p.  146.— Keyes,  Oeol.  Sorrey 

Missouri,  V,  1895,  p.  96. 
Trematospira  f  imbrieata  Meek  and  Worthen,  Geol.  Survey  Illinois,  III,  1868,  p. 

38J,  pi.  7,  fig.  2. 
Atrypina  imbrieata  Hall  and  CUrke,  Pal.  New  York,  VUI,  Pt.  U,  1895,  pi.  53, 

figs.  5,  6,  8-10. 
Lac.  Albany  and  Schoharie  counties,  New  York ;  Perry  County,  Missouri. 

Atrypina  intermedia  (Hall).  Arisaig  (Sil.). 

Leptocoelia  intermedia  Hall,  Canadian  Nat.  Geol.,V,  1860,  p.  147,  fig.  5.~Daw- 

son,  Acadian  Geology,  3d  ed.,  1878,  p.  598,  fig.  202. 
Loe,  Arisaig,  Nova  Scotia. 

Avicnla  desquamata  Halls  Obolella  crassa. 

AULACOBHTHCHUS  Dittmar.  Genotype  A.  pachti  Dittmar. 

Aalaoorbynohus  Dittmar,  Yerhand.  Kais.  Mineral.  Gessel.  St.  Petersburg,  2d 
ser.,VII,  1871,  p.  1,  pi.  1,  figs.  1-13.— Hall  and  Clarke,  Pal.  New  York,  VIII, 
Pt.  II,  1893,  p.  311;— Thirteenth  Ann.  Rep.  New  York  Stote  Geologist,  1895, 
p.  904. 

Isogramma  Meek  and  Worthen,  Geol.  Survey  Illinois,  V,  1873,  p.  568. 

AnlaoorhynehnB  ndlHpiinetatom  (Meek  and  Worthen).       Up.  Coal  Meas. 
Chonetesf  f  millipunctata  Meek  aud  Worthen,  Proc.  Acad.  Nat.  Sci.  Philadelphia, 

1870,  p.  35;— Geol.  Sunrey  lUinois,  V,  1873,  p.  566,  pi.  25,  fig.  3. 
Isogramma  millipunctata  Meek  and  Worthen,  Ibidem,  1873,  p.  568. 
Aulacorhyuchus  millipunotatus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II, 

1893,  p.  312,  pi.  83,  figs.  14,  15. 
Chonetes  millipunctatus  Keyes,  Geol.  Survey  Missouri,  V,  p.  54. 
Loc,  Marion  County,  Illinois;  Kansas  City,  Missouri. 
Aolosteges  gnadalnpensis  Shumard=StrophaIosla  gaadalai>en8i8. 
Anlosteges  spondyliformiB  White  and  St.  John=Strophalo8ia  spondy- 

liformis. 
Barrandella  Hall  and  01arke=Clorinda. 

BABBOISELLA  Hall  and  Clarke.  Genotype  Lingula  sabspatulata 

Meek  and  Worthen  (non  Hall  and  Meek). 
Barroisella  Hall  and  Clarke,  Pal.  New  York,  Extract,  VIII,  Pt.  I,  1890,  p.  62;— 
Pal.  New  York,  VIII,  Pt.  1, 1892,  pp.  62,  64;— Eleventh  Ann.  Rep.  New  York 
State  Geologist,  1894,  p.  230. 

Banoiflella  rabspatiilata  (Meek  and  Worthen).  Black  Slate  (Dev.). 

Lingula  subspatulata  Meek  and  Worthen  (non  Hall  and  Meek),  Geol.  Survey 

Illinois,  III,  1868,  p.  437,  pi.  13,  fig.  1. 
Lingula  subspatulata f  A.  Winchell,  Proc.  American  Phil.  Soc.,  XII,  1870,  p.  248. 
Barroisella  subspatulata  Hall  and  Clarke,  Pal.  New  York,  VUI,  Pt.  I,  1892, 

p.  63,  pi.  2,  figs.  14-16  and  p.  164. 
Loc,  Jonesboro,  Hlinois;  Louisyille  and  Lebanon,  Kentucky ;  Rookford,  Indiana. 

BSACHIA  Hall  and  Olarke.  Genotype  Meganteris  snessana  Hall. 

Beachia  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  260;— Thirteenth 
Ann.  Sep.  New  York  State  Geologist,  1895,  p.  860. 


Digitized  by  LjOOQIC 


158  SYNOPSIS   OF   AMERICAN   FOSSIL   BKACHIOPODA.        [botj^w. 

Beachia  snessana  Hull.  Oriskany  (Dev.). 

Megauteris  suesnana  Hall,  Tenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1857, 

p.  100. 
Rensselieria  suessana  Hall,  Pal.  New  York,  III,  1869,  p.  459,  pi.  107,  tigs.  1-15. 
Beachia  suessana  Hall  and  Clarke,  Ibidem,  VIII,  Pt.  II,  1893,  p.  260,  pi.  77, 

figs.  1-11. 
Loc.  Cumberland,  Maryland ;  near  Rondont,  New  York. 

BEECHERIA  Hall  aud  Clarke.    Genotype  B.  davidsoni  Hall  and  Clarke. 

Beecheria  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1393,  p.  300;— Thirteenth 
Ann.  Rep.  New  York  State  Geologist,  1896,  p.  866. 

Beecheria  davidsoni  Hall  and  Clarke.  Upper  Carboniferous. 

Beecheria  davidsoui  Hall  and  Clarke,  Pal.  New  York,  VIII,  1^.  II,  1893,  p.  900, 

fig.  224,  pi.  79,  figs.  33-36. 
Loc.  Windsor,  Nova  Scotia. 

BILLING8ELLA  Hall  and  Clarke. 

Genotype  Orthis  pepina  Hall=0.  coloradoenHis  Shamard. 

Hillingsella  and  Protorthis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892, 
pp.  230, 231;— Eleventh  Ann.  Rep.  New  York  State  Geologist,  1894,  p.  273. 

Oh9.  Protorthis  was  founded  on  Orthis  biUingsi  Hartt,  a  species  rarely  found  in 
good  preservation.  The  diagnostic  character  was  supposed  to  be  the  pres- 
ence of  a  rudimentary  spondylium  and  the  absence  of  a  deltidium.  In  the 
National  Museum  collection,  however,  there  are  two  artificial  oasts  of  the 
ventral  valve  made  from  Hartt's  original  Hpecimens  and  other  material 
collected  by  Mr.  Walcott,  showing  O.  billings!  to  be  without  a  spondylium. 
The  rostral  plate  is  the  deltidium  distorted  by  pressare  to  which  these 
shells  have  been  subjected.  The  only  character  of  generic  importance  is 
that  the  geologically  older  species  of  Billingsella  have  a  more  rudimentary 
or  nearly  obsolete  cardinal  process  than  the  type  species.  This  difference, 
however,  hardly  justifies  the  retention  of  Protorthis. 

Billingsella  alberta  (Walcott).  Middle  Cambrian. 

Orthisina  alberta  Walcott,  Proc.  U.  S.  National  Mus.,  XI,  1888,  p.  442. 
Loc,  Mount  Stephan,  British  Columbia. 

Billingsella  billingsi  (Hartt).  Middle  Cambrian. 

Orthis  billingsi  Hartt,  Dawson's  Acadian  Geology,  2d  ed.,  1868,  p.  644,  fig.  223. — 

Wakott,  Bull.  U.  S.  Geol.  Survey,  10,  1884,  p.  17,  pi.  1,  fig.  1.— Matthew, 

Trans.  Royal  Soc.  Canada,  III,  1886,  p.  43. 
Orthis?  billingsi  Matthew,  Ibidem,  VIII,  1891,  p.  131. 
Protorthis  billingsi  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  219, 

232,  pi.  7A,  figs.  14-20. 
Loc.  St.  John,  New  Brunswick. 

Billingsella  ooloradoensis  (Shumard).  Upper  Cambrian. 

Orthis  coloradoensis  Shumard,  Trans.  St.  Louis  Acad.  Sci.,  I,  1860,  ]».  627. 

Orthis  pepina  Hall,  Sixteenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1863,  p.  134, 
pi.  6,  figs.  23-27;— Trans.  Albany  Institute,  V,  1867,  p.  I13.--Whitfield, 
Geol.  Wisconsin,  IV,  1882,  p.  170,  pi.  1,  figs.  4, 5. 

Orthis f  (Orthisina?)  pepina  Hall,  Second  Ann.  Rep.  New  York  State  (ieologist, 
1883,  pi.  37,  figs.  16-19. 

BillingseUa  pepina  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  230,  pi. 
7,  figs.  16-19;  pi.  7A,  figs.  7-9. 

Orthis  (Billingsella)  pepina  Sardeson,  Bull.  Minnesota  Acad.  Nat.  Sci.,  IV,  1896, 
p.  96. 

Loc.  Burnett  County^  Texas ;  Lake  Pepin,  Minnesota ;  St.  Croix  River  and  Ber- 
lin, Wisconsin. 
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Billingiella  festinata  (Billings).  Lower  Cambrian. 

Ortbisina  festinato  Billings,  Pal.  FomUb,  I,  1861,  p.  10,  figs.  11,  12;— Oeol.  Ver- 
mont, II,  1861,  p.  949,  figs.  350-352 ;--American  Jour.  Soi.,  2d  ser.,  XXXIII, 
1862,  p.  106;— Geology  Canada,  1863,  p.  284,  fig.  289.— Walcott,  Bull.  U.  S. 
Geol.  Survey,  30,  1886,  p.  120,  pi.  7,  fig.  7;— Tenth  Ann.  Rep.  U.  8.  Geol. 
Snrvey,  1891,  p.  613,  pi.  72,  fig.  7. 

Billingsella  festinata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  230. 

Loc.  Swanton,  Vermont;  York,  Pennsylvania. 

BUlingsella  (1)  grandsBva  (Billings).  Galciferons  (Ord.). 

Ortbisina  grandteva  Billings,  Canadian  Nat.  Geol.,  IV,  1859,  p.  349,  fig.  1;— 

Geology  Caniida,  1863,  p.  113,  fig.  21. 
BiUingsellaf  grandfeva  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  231. 
Loc.  Mingan  Island,  Gnlf  of  St.  Lawrence. 

Billingsella  latoarenns  (Matthew).  Middle  Cambrian. 

Kiitorgina  latonrensis  Matthew,  Trans.  Royal  Soc.  Canada,  III,  1886,  p.  42,  pi.  5, 

fig.  18.— Hall  an^.  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  93,  95,  233, 

pi.  4,  figs.  18-20. 

Loc,  Portland,  New  fimnswick. 

Billingsella  (!)  lanrentina  (Billings).  Anticosti  (Sil.). 

Orthis  lanrentina  Billings,  Geol.  Survey  Canada;  Rep.  for  1856, 1857,  p.  297;— Pal. 

Fossils,  I.  1862,  p.  138,  fig.  115. 
BiUingsellaf  lanrentina  Hall  and  Clarke,   Pal.  New  York,  VIII,  Pt.  1,  1892,  pp. 

194,  231,  238,  pi.  7A,  figs.  1-6. 
Loc,  Aniicosti. 

Billingsella  orientalis  (Whitfield).  Ijower  Cambrian. 

Orthisina  orientalis  Whitfield,  Bull.  American  Mns.  Nat.  HiHt.,  I,  1884,  p.  144, 
pi.  14,  fig.  6.— Walcott,  Bull.  U.  S.  Geol.  Survey,  30,  1886,  p.  120,  pi.  7, 
fig.  6;— Tenth  Ann.  Rep.  U.  S.  Geol.  Survey,  1891,  p.  613,  pi.  72,  fig.  8. 

Billingsella  onentalis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  230. 

Loc.  Georgia  and  Swanton,  Vermont. 

Billingsella  (?)  primordialis  (Whitfield).  Calciferons  (Ord.). 

Streptorhynchnsf  primordiale  Whitfield,  Hull.  American  Mus.  Nat.  Hist.,  1, 1886, 

p.  301,  pi.  24,  fig.  7. 
BiUingsellaf  primordiale  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  231. 
Loc,  Fort  Cassin,  Vermont. 

Billingsella  qnacoensii  (Matthew).  Middle  Cambrian. 

Orthis  qnacoensis  Matthew,  Trans.  Royal  Soc.  Canada,  III,  1886,  p.  43,  pi.  5, 

fig.  20. 
Orthis f  qnacoensis  Matthew,  Ihidem,  VIII,  1891,  p.  131. 
Protortbis  qnacoensis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  232, 

pi.  7A,  fig.  21. 
Loc.  Portland  and  St.  Martins,  New  Brunswick. 

Billingsella  transversa  (Walcott).  Lower  Cambrian. 

Orthisinaftrnnsversa  Walcott,  Bull.  U.  S.  Geol.  Snrvey,  30,  1886,  p.  121,  pi. 

7,  fig.  5;— Tenth  Ann.  Rep.  U.  S.  Geol.  Survey,  1891,  p.  613,  pi.  72,  fig.  9. 
Billingsella  transversa  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  230. 
Loc.  Georgia,  Vermont. 

Billingsella  whitfieldi  (Walcott).  Lower  Cambriaiu 

Kntorgina  whitfieldi  Walcott,  Mon.  IT.  S.  Geol.  Survey,  VIII,  1884,  p.  18,  pi. 

9,  fig.  4. 
Zoc.  Eureka  district,  Nevada. 
Billingsia  Ford  (nou  de  Koninck,  ld76)=:Elkania. 
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BILOBITES  Linnseas.  Genotype  Anomia  biloba  Lmnae^iiA. 

BUobites  Linnaeiw,  Systema  Natnrie,  ed.  MuUer,  VI,  1775,  p.  325.— Hall,  BoIL 
Geol.  Soc.  America,  I,  1889,  p.  21. — Beecher,  American  Jour.  Sci.,  3d  ser., 
XLII,  1891,  p.  51.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp. 
204, 223;— Eleventh  Ann.  Rep.  New  York  State  Geologist,  1894,  p.  269. 

DicoeloBia  Kiug,  Mon.  Permian  Fossils  England,  Pal.  Soc.,  1850,  p.  106. 

Bilobites  acutilobiu  (Bingueberg).  Niagara  (8il.). 

OrthlH  acutiloba  Ringueberg,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1888,  p.  134, 

pi.  7,  fig.  5. 
Bilobites  acutilobns  Beecher,  American  Jour.  Sci.,  3d  ser.,  XLII,  1891,  p.  52,  pi. 

1,  fig.  1. 
Loc,  Lockport,  New  York. 

Bilobites  bilobus  (LiiinaBus).  Niagara  (SiL). 

Anomia  biloba  Linnjeus,  Systema  Natarie,  ed.  XII,  1767,  p.  1154. 
Delthyris  sinuatus  Hall,  Geol.  New  York;  Rep.  Fourth  Dist.,  1843,  p.  105,  fig.  8. 
Spirifer  bilobns  Hall,  American  Jour.  Sci.,  2d  ser.,  XX,  1849,  p.  228; — Pal.  New 

York,  IV,  1852,  p.  260,  pi.  54,  fig.  1. 
Orthis  biloba  Hall,  Twelfth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1859,  p. 

85;— Eleventh  Rep.  State  Geol.  Indiana,  1882,  p.  286,  pi.  27,  ^g.  16. 
Bilobites  bilobus  Beecher,  American  Jour.  Sci.,  3d  ser.,  XLII,  1891,  p.  52,  pi.  1, 

fig.  28. 
Bilobites  biloba  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  190,  204, 

205,  223,  pi.  5B,  figs.  11-14. 
Loc,  Lockport,  New  York ;  Waldron,  Indiana;  Wisconsin. 

Bilobites  varicus  (Conrad).  Lower  Helderberg  (Dev.). 

Delthyris  bilobata  Conrad  (not  Orthi.s  bilobata  Sowerby),  Second  Ann.  Rep. 

New  York  Geol.  Survey,  1838,  pp.  112,  118. 
Delthyris  varica  Conrad,  Jour  Acad.  Nat.  Sci.  Philadelphia,  VIII,  1842,  p.  262, 

pi.  14,  fig.  20. 
Orthis  varica  Hal,  Pal.  New  York,  III,  1859,  p.  179,  pi.  24,  fig.  1. 
Orthis  (Dicoelosia)  varica  Hall)  Second  Ann.  Rep.  New  York  State  Geol.,  18S3, 

pi.  35,  figs.  38-42. 
Bilobites  varicus  Beecher,  American  Jour.  Sci.,  3d  ser.,  XLII,  1891,  p.  52,  pi.  1, 

figs.  3-27.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  204,  223, 

pi.  5B,  figs.  15-19. 
Loc,  Albany  and  Schoharie  counties,  New  York ;  Decatur  County,  Tennessee ;  St. 

Blandine,  New  Brunswick. 

BOTSFORDIA  Mattbew.  Oenotyi)e  Obolas  pulcher  Mattbew. 

Obolus  (Botsfordia)  Matthew,  Trans.  Royal  Soc.  Canada,  VIII,  1891,  p.  148;  X, 
p.  90. 

Botsfordia  pnlchra  Mattbew.  Middle  CambriaD. 

Obolus  pulcher  Matthew,  Canadian  Record  of  Science,  III,  1889,  p.  306 ; — Trans. 

Royal  Soc.  Canada,  VII,  1890,  p.  151,  pi.  8,  figs.  1,  2. 
Obolas  (Botsfordia)  pulcher  Matthew,  Trans.  Royal  Soc.  of  Canada,  VIII,  1891, 

p.  148. 
Obolusf  pulcher  Hall  and  Clarke,  Pal.  New  York,  VHI,  Pt.  I,  1892,  pp.  81, 183, 

pi.  4K,  fig.  22. 
Obolas  (Botsfordia)  pulchra  Matthew,  Trans.  Royal  Soc.  Caniida,  X,  1894,  p. 

90,  pi.  16,  fig.  3. 
Botsfordia  pulchra  Matthew,  Trans.  New  York  Acad.  Sci.,  XIV,  1895,  p.  115,  pi.  3. 
Loc,  Canton  Island,  New  Brunswick. 

Bracbymems  Sbaler  (non  Dejean,  1834)=ADastropbia. 
Bracbymerus  reversus  Sbaler=Parastropbia  reversa. 
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Brachyprion  Shaler=Stropheodonta. 

Brachyprion  geniculatam  Shaler=Stroph6odonta  genicolata. 

Brachyprion  leda  Sbaler=Kaflne8qaina  leda. 

Brachyprion  yentricogam  Shaler=Stropheodonta  yentricosa. 

CAKABELIA  Billings.  Genotype  G.  yolborthi  Billings. 

Camarella  Billings,  Canadian  Nat.  Geol.,  ly,  1859,  p.  301  ;-~Ibidem,  yi,  1861,  p. 
316.— Walcott,  Bull.  U.  8.  Geol.  Survey,  30,  1886,  p.  122.— Nettelroth,  Ken- 
tacky  Fossil  Shells,  Mem.  Kentncky  Geol.  Survey,  1889,  p.  48.-*Hall  and 
Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  219;— Thirteenth  Ann.  Rep. 
New  York  SUte  Geologist,  1895,  p.  838. 

Camarella  ambigiia  (Hall).  Trenton  (Ord.). 

Atrypa  ambigua  HaU,  Pal.  New  York,  1, 1847,  p.  143,  pi.  33,  figs.  8,  9. 
Triplesiaf  ambigua  Hall,  Twelfth  Rep.  New  York  State  Cab.  Nat.  HiHt.,  1859,  p.  65. 
Camarella  ambigua  Miller,  American  Pal.  Fobs.,  1879,  p.  107. 
Loc,  Middleville,  New  York. 

Camarella  antiquata  Billing8=Protorhyncha  antiqnata. 
Camarella  bisulcata  Emmons=Cyclo8pira  bisnlcata. 
Camarella  bernensis  Sarde8on=Para8trophia  hemiplicata. 

CSamarella  breviplioata  Billings.  Calciferons  (Ord.). 

Camarella  breviplicata  Billings,  Pal.  FoRsils,  I,  1865,  p.  304,  fig.  295. 
Loc.  Stanbridge,  Quebec,  Canada. 

Camarella  calcifera  Billing&=Syntrophia  calcifera. 
CamareUa  circnlaris  Miller=Parastrophia  hemiplicata. 

Ca]iLarella(t)  ooetata  Billings.  Calclferons  (Ord.). 

Camarella?  oostata  Billings,  Pal.  Fossils,  I,  1865,  p.  305,  fig.  296. 
Loe,  Stanbridge,  Quebec,  Canada. 

Camarella  hemiplicata  Bi]lings=Para8trophia  hemiplicata. 

Camarella  lenticularis  Billings.  Anticosti  (Sil.). 

Camarella  lenticularis  Billings,  Catalogue  Sil.  Foss.  Anticosti,  1866,  p.  45. 
Loe.  Anticosti. 

Camarella  longirottriB  Billings.  Chazy  (Ord.). 

Camarella  longirostra  Billings,  Canadian  Nat.  Geol.,  ly,  1859,  p.  302;  p.  445, 

fig.  23;— Geol.  Canada,  1863,  p.  127,  fig.  53. 
Loe.  Mingen  Islands,  Gulf  of  St.  Lawrence. 

Camarella  minor  Walcott=Protorhyncha  minor. 

Camarella  ops  Billing8=Para8trophia  ops. 

Camarella  owatonnensis  Sardeson=Cyclospira  bisnlcata. 

CUnarella  pander!  Billings.  Black  Eiyer  (Ord.). 

CamareUa  panderi  Billings,  Canadian  Nat.  Qeol,,  ly,  1859,  p.  302; — Geol.  Canada, 

1863,  p.  143,  fig.  78.— HaU  and- Clarke,  Pal.  New  York,  YIII,  Pt.  II,  1893, 

p.  220,  pi.  62,  figs.  19-23. 
Loc.  Pauquett^s  Rapids,  Canaila;  Curdsville,  Kentncky. 

Camarella  parva  Billings.  Calciferons  (Ord.). 

CamareUa  parva  BiUings,  Pal.  Fossils,  1, 1865,  p.  219. 
Camarella  parvaf  Matthew,  Trans.  Royal  Soc.  Canada,  XI,  1893,  p.  103,  pi.  7, 

fig.  9. 
Loe.  Table  Head  and  Portland  Creek,   Newfoundland;   near  St.  John,  New 

Brunswick. 

BuU.  87 11 
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Camarella  polita  Billings.  Oalciferoas  (Orel.). 

Camarella  polita  BillingB,  Pal.  Fossils,  1, 1865,  p.  306,  tig,  297  on  p.  304. 
Loc.  StaiibTid<;c,  Qaebec,  Canada. 

Camarella  reversa  Bil]ing8= Anastrophia  reversa. 

Camarella  varians  Billings.  Galciferons-Chazy  (Ord.). 

Camarella  varians  Billings,  Canadian  Nat.  Geol.,  IV,  1859,  p.  445,  Hg.  24;^<}eol. 

Canada,  1863,  p.  127,  flg.  52;— Pal.  Fossils,  1, 1865,  p.  220. 
Loc,  Mingan  Islands,  Gulf  of  St.  Lawrence;  Table  Head  and  Portland  Creek, 

Newfoundland;  Cbazy,  New  York. 

Camarella  vdlborthi  Billings.  Black  Biver  (Ord.). 

Camarella  volborthi   Billings,   Canadian  Nat.  Oeol.,  IV,  1859,  p.  301;— Geol. 

Canada,  1863,  p.  143,  fig.  77.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II, 

1893,  p.  220,  pi.  62,  figs.  11-18;  pi.  84,  fig.  42. 
Loc.  Pauqucttes  Rapids,  Ontario,  Canada. 

Gamarium  IIall=Merista. 
Camariam  elongatnm  Hall=:Meri8ta  typos. 
Camarinin  meeki  Hall=Meriste]la  ineeki. 
Camariam  princeps  Hall=Meri8teIla  princeps. 
Camariam  typns  Hall=^Meri8ta  typas. 
CAMAROPHORELLA  Hall  and  Clarke. 

Genotype  Pentameras  lenticalaris  White  and  Whitfield. 
Camarophorella  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  215  ;~ 
Thirteenth  Ann.  Rep.  New  York  State  Geologist,  1895,  p.  838. 
Camarophorella  lentionlaris  (White  and  Whit^eld). 

Barlington  (L.  Garb.). 
Pentamerus  lenticulariH  Whitt)  and  Whitfield,  Jour.  Boston  Soc.  Nat.   Hist., 

VIII,  1862,  p.  295. 
Camarophorella  lenticularis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893, 

p.  215,  pi.  62,  figs.  46-18. 
Loo.  Burlington,  Iowa. 

GAHAROPHORIA  King.    Genotype  Terebratala  schlotheimi  von  Buch. 

Camarophoria  King,  Ann.  Mag.  Nat.  Hist.,  XVIII,  1846,  p.  89; — Mon.  Permian 
Foss.  England,  Pal.  Soc.  1850,  p.  113.— Hall,  Pal.  New  York,  IV,  1867,  p. 
435.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  212;— ITiir- 
teenth  Ann.  Rep.  New  York  State  Geologist,  1895,  p.  837. 

Stenochisma  Gi^hlert  (non  Conrad),  Fischer's  Manuel  Conehyliologie,  1887,  p.  1309. 

Gamarophoria(?)  bisnlcata  Shamard.  Upper  Carboniferous. 

Camarophoria(  f )  bisnloata  Shumard,  Trans.  St.  Louis  Acad.  Sci.,  I,  1858,  p.  296, 

pi.  11,  fig.  2. 
Loc,  Gnadalupe  Mountains  of  New  Mexico  and  Texas. 

Camarophoria  capnt-testadinis  (White).  Barlington  (L.  Garb.). 

Rhynchonellacaput-testudinis  White,  Proc.  Boston  Soc.  Nat.  Hist.,  IX,  1862,  p.  23. 
Camarophoria  caput-testudiuis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II, 

1893,  p.  215. 
Loc,  Burlington,  Iowa. 
Obs,  Probablj'  identical  with  C.  ringens  Swallow. 

Camarophoria  eacharis  Hall=Gamaro8pira  encharis. 

Camarophoria  ezplanata  (McChesney).  Kaskaskia  (L.  Garb.). 

Rhynchonella  oxpl an ata  McChesney,  Descriptions  New  Pal.  Foss.,  1860,  p.  50; — 
Trans.  Chicago  Acad.  Sci.,  I,  1868,  p.  30,  pi.  6,  flg.  7. 
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CSamarophoria  ezplanata  (McGhesney) — ^Gontiimed. 

Pngnax  explanatiis  Hall  and  Clarke,  PaL  New  York,  VIII,  Pi.  II,  1885,  pi.  60, 

figs.  43-45. 
Loe,  Chester,  Ulinoia;  Princeton,  Kentucky. 
OhB,  Specimens  of  this  species  in  Mr.  Ulrich's  oolleotion  prove  it  to  be  a  Cnma- 

rophoria. 

Camarophoria  giffordi  Wortben=Eiite1ete8  hemiplicatus. 
Camaropbona  globulina  Geinitz  (non  Phillips) =Pngnax  utah. 
Camarophoria  globulina  Davidson =PugDax  globulina. 
Camarophoria  occidentalis  Miller.  Burlington  (L.  Garb.). 

Camarophoria  occidentalis  Miller,  Jour.  Cincinnati  Soc.  Nat.  Hist.,  IV,  1881,  p. 

8,  pi.  7,  fig.  7. 
Loc.  Lake  Valley  district,  New  Mexico. 

Camarophoria  osagensis  Swallow=Pugnax  utah. 

CamarophoTia  ringens  (Swallow).  Keokuk  (L.  ('arb.). 

Rynchonella  ringeus  Swallow,  Trans.  St.  Lonis  Aoa<L  Sci.,  I,  1860,  p.  653. — 

Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  102. 
Camarophoria  ringens  Hall  and  Clarke,  Pal.  New  York,  VIII,  Ft.  II,  1893,  p.  214. 
Loc,  Ci^laway  County,  Missouri. 
Ohs,  Compare  with  C.  rapnt-testudinis  and  Rhynchonella  striata.     The  writer 

has  seen  specimens  of  R.  ringons  from  Callaway  County,  Missouri,  Swallow's 

original  locality. 

Camarophoria  rhomboidalis  Hall  and  Clarke.  Corniferous  (Dev.). 

Camarophoria  rhomboidalis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895, 

p.  366,  pi.  62,  figs.  25-29. 
J^c,  Cass  County,  Indiana. 

Camarophoria  sabcnneata  Hall.  St.  Louis  (L.  Carb.). 

Rhynchonella  subcnneata  Hall,  Trans.  Albany  Institute,  IV,  1858,  p.  11 ; — Geol. 
Survey  Iowa,  I,  Pt.  II,  1858,  p.  668,  pi.  23,  fig.  3.— Whitfield,  Bull.  American 
Mas.  Nat.  Hist.,  1, 1882,  p.  51,  pi.  6,  figs.  47-49.— Hall,  Twelfth  Rep.  State 
Geol.  Indiana,  1883,  p.  333,  pi.  29,  figs.  47-49.— Herrick,  Bull.  Denison  Univ., 
Ill,  1888,  p.  39,  pi.  7,  fig.  23.— Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  102. 

Camarophoria  subcnneata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pi. 
62,  figs.  34-57. 

Tjoc,  Spergen  Hill  and  Bloomington,  Indiana.  In  the  Waverly  at  Granville, 
Ohio,  according  to  Herrick. 

Ohn.  See  Rhynchonella  arctirostrata. 

Camarophoria  snbtrigona  Meek  and  Worthen.  Keokuk  (L.  Garb.). 

Rhynchonella  subtrigona  Meek  and  Worthen,  Proc.  Acad.  Nat.  Sci.,  Philadel- 
phia, 1860,  p.  451.— Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  102. 

Rhynchonella  parvini  MoChesney,  Descriptions  New  Pal.  Foss.,  1861,  p.  83; — 
Ibidem,  1865,  pi.  6,  fig.  2. 

Camaro]>hoTia  subtrigona  Meek  and  Worthen,  Geol.  Survey  Illinois,  II,  1866,  p. 
251,  pi.  18,  fig.  7.— McChesujy,  Trans.  Chicago  Acad.  Sci.,  I,  1868,  p.  31,  pi. 
6,  fig.  2.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893.  p.  214,  pi.  62, 
figs.  38-43. 

Camarophoria  ringens  Hall  and  Clarke  (non  Swallow),  Ibidem,  1893,  pi.  84,  fig.  5. 

Lac,  Keokuk,  Iowa;  Nauvoo  and  Warsaw,  Illinois. 

Camarophoria  swallovana  Shumard=Pugnax  swallovaua. 

Camarophoria  thera  ( Walcott).  Lower  Carboniferous. 

Rhynchonella  thera  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  223,  pi.  7, 

fig.  6. 
Loe.  Eureka  district,  Nevada. 
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CainarophoTia(l)  wortheni  (Hall).  Warsaw  (L.  Garb.). 

Rhynohonella  wortheni  HaU,  Trans.  Albany  Institute,  IV,  1858,  p.  11. 
Camarophoriaf  wortheni  Whitfield,  Bull.  American  Mus.  Nat.  Hist.,  1, 1882,  p.  54, 

pi.  6,  figs.  35-39.— HaU,  Twelfth  Rep.  State  Geol.  Indiana,  1883,  p.  334,  pi.  29, 

tigs.  35-39. 
Camarophoria  wortheni  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893, 

p.  214. 
JjOc.  Alton,  Illinois. 

CAHAE08PIEA  Hall  and  Clarke. 

Genotype  Camarophoria  eucharis  Hall. 

Camaroapira  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  82;— Thir- 
teenth Ann.  Rep.  New  York  State  Geologist,  1895,  p.  776. 
Camaroapira  eacharis  Hall.  Corniferoas  (Dev.). 

Camarophoria  eucharis  Hall,  Pal.  New  York,  IV,  1867,  p.  368,  pi.  57,  figs.  40-45. 

Camarospira  eucharis  Hall  and  Clarke,  ibidem,  VIII,  Pt.  II,  1893,  p.  82,  pL  50, 
figs.  46-^2. 

Loo.  Ontario,  Canada;  Cass  County,  Indiana. 

CAMAROT(ECHIA  Hall  and  Clarke. 

Genotype  Atrypa  congregata  Conrad. 
Camarotcochia  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.   189;— 
Thirteenth  Ann.  Rep.  New  York  State  Geologist,  1895,  p.  826. 

Camarotoecbia(?)  acinus  Hall.  Niagara  (SO.). 

Rhynohonella  acinus  Hall,  Trans.  Albany  Institute,  IV,  1863,  p.  215 ; — Twenty- 
eighth  Rep.  New  York  State  Mus.  Nat.  Hist,  1879,  p.  163,  pi.  26,  figs.  7-11;— 
Eleventh  Rep.  State  Geol.  Indiana,  1882,  p.  306,  pi.  26,  figs.  7-11.— Nettelroth, 
Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  73,  pi.  26>  figs. 
6, 13,  14,  and  pi.  32,  figs.  13-16.— Beecher  and  Clarke,  Mem.  New  York  SUte 
Mus.,  I,  1889,  p.  35,  pi.  4,  figs.  9-11. 

CamarotoBchiaf  acinus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  190. 

Loo.  Waldron,  Indiana;  Louisville,  Kentucky. 

CainarotcBcbia(t)  acinnB  convexa  (Foerste).  Clinton  (Sil.). 

Rhynchonella  acinus  var.  convexa  Foerste,  Proc.  Boston  Soc.  Nat.  Hist.,  XXIV, 

1890,  p.  318,  pi.  6,  fig.  13;— Geol,  Ohio,  VII,  1895,  p.  593,  pi.  31,  fig.  13. 
Loo,  Hanover,  Indiana. 

CamarotoBcbia  flBqniradiata  Hall.  Clinton  (Sil.). 

Atrypa  equiradiata  Hall,  Pal.  New  York,  II,  1852,  p.  70,  pi.  23,  fig.  5. 
Rhynchospiraf  equiradiata  Hall,  Twelfth  Rep.  New  York  State  Cab.  Nat.  Hist., 

1859,  p.  77. 
Rhynchonella  ^equiradiata  Miller,  N.  American  Geol.  Pal.,  1889,  p.  867. 
CamarotcBchia  eequiradiata  HaU  and  Clarke,  Pal.  New  York,  VIH,  Pt.  II,  1893, 

p.  190. 
Protorhyncha  a^quiradiata  Hall  and  Clarke,  Ibidem,  1895,  pi.  56,  figs.  7-9. 
Loo,  Oneida  County,  New  York;  Arisaig,  Nova  Scotia. 

CamarotoBcbia  (PlethorhynclLa)  barrandei  Hall.  Oriskany  (Dev.). 

Rhynchonella  barrandi  Hall,  Tenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1857, 
p.  82,  figs.  1-3 ;  p.  84,  fig.  4 ;— Pal.  New  York,  III,  1859,  p.  442,  pi.  103,  figs.  3-«. 
Plethorhyncha  barrandi  Hall  and  Clarke,  Ibidem,  VIII,  Pt.  II,  1893,  p.  191. 
Loo,  Albany  and  Schoharie  counties,  New  York. 

CamarotoBchia  billingsi  Hall.  Corniferous  (Dev.). 

Rhynchonella  thalia  Billings  (non  d'Orbigny,  1847),  Canadian  Jour.,  V,  1800,  p. 

272,  figs.  2a-25;— Geol.  Canada,  1863,  p.  370,  fig.  386. 
Rhynohonella  (Stenocisma)  billingsi  HaU,  Pal.  New  York,  IV,  1867,  p.  336,  pL 

54,  figs.  9-13.  rc^c^n\o 
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Camarotoehia  billingsi  Hall— Continned. 

Camarotcechia  billingsi  Hall  and  Clarke,  Ibidem,  VIII,  Pt.  II,  1893,  p.  192,  pi. 

57,  fig.  3. 
Loe.  New  York;  Columbus,  Ohio;  Ontario. 

Camarotoehia  caiica  Hall.  Hamilton  (Dev.). 

Rhynohonella  (StenocUma)  carica  Hall,  Pal.  New  York,  IV,  1867,  p.  344,  pi.  54A, 

figs.  21-23. 
Camarotcechia  carica  Hall  and  Clarke,  Ibidem,  VIII,  Pt.  II,  1893,  p.  192. 
Loe,  Hamilton,  Madison  County,  New  York. 

Camarotoehia  Carolina  Hall.  Gomiferoas  (Dev.). 

Rhynohonella  (Stenocisma)  Carolina  Hall,  Pal.  New  York,  IV,  1867,  p.  337,  pi. 

34,  figs.  14r-19. 
Rhynohonella  Carolina  Meek,  Pal.  Ohio,  1, 1873,  p.  196,  pi.  18,  fig.  8.«-Nettelroth, 

Kentucky  Foesil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  76,  pi.  13,  figs. 

1-3,  34,  35. 
Camarotcechia  Carolina  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p. 

192,  pi.  57,  figs.  4-6. 
Loc.  Columbus  and  Sandusky,  Ohio ;  Falls  of  Ohio. 

Camarotoehia  congreffata  (Conrad).  Hamilton  (Dev.). 

Atrypa  congregata  Conrad,  Fifth  Ann.  Rep.  New  York  Qeol.  Survey,  1841,  p.  55. 
Rhynohonella  (Stenocisma)  congregata  Hall,  Pal.  New  York,  IV,  1867,  p.  341, 

pi.  54,  figs.  44-59. 
CamarotcBchia  congregata  Hall  and  Clarke,  Ibidem,  VIII,  Pt.  II,  1893,  p.  192, 

pi.  57,  figs.  15-27. 
Loc.  Fultonham.  Summit,  Onondaga,  and  Tinkers  Falls,  New  York. 

Camarotoehia  contraeta  Hall.  Portage- Waverly  (Dev.-L.  Carb.). 

Atrypa  contraeta  Hall,  Geol.  New  York;  Rep.  Fourth  Dist.,  1843,  tab.  66,  figs. 

2,3. 
Atrypa  laticostata  Hall  (non  Phillips),  Ibidem,  1843,  tab.  66,  fig.  1. 
Rhynohonella  (Stenocisma)  contraeta  Hall,  Pal.  New  York,  IV,  1867,  p.  351,  pi. 

55,  figs.  26-39. 
Rhynohonella  contraeta  Herrick,  Bull.  Denison  Univ.,  Ill,  1887,  p.  39,  pi.  10, 

fig.  9;— Ibidem,  IV,  1888,  p.  23,  pi.  11,  fig.  21. 
Camarotoechia  contraeta  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p. 

192,  pi.  57,  figs.  28-^,  49. 
Loe,  New  York;  Meadville  and  Bradford,  Pennsylvania;  Licking  County,  Ohio. 

Camarotoehia  eontraeta  sazatilis  (Hall).  Hamilton  (Dev.). 

Rhynohonella  (Stenocisma)  saxatilis  Hall,  Pal.  New  York,  IV,  1867,  p.  417,  pi. 

54A,  figs.  44-^1. 
Loe,  Rockford,  Iowa. 

Camarotoehia  dotis  Hall.  Marcellus  and  Hamilton  (Dev.). 

Rhynchonella  (Stenocisma)  dotis  Hall,  Pal.  New  York,  IV,  1867,  p.  344,  pi.  o4A, 

figs.  11-20.— Rathbun,  Bull.  Buffalo  Soc.  Nat.  Sci.,  I,  1874,  p.  246,  pi.  8, 

figs.  10, 12;— Proc.  Boston  Soc.  Nat.  Hist.,  XX.  1879,  p.  33. 
CamarotcBchia  dotis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  192, 

pi.  57,  figs.  40,  41. 
Loe,  Geneseo   and  York,  New  York;  Columbus,  Ohio;  Rio   Maecuni  and  R'o 

Curua  and  Erere,  Brazil. 
CamarotQDehia(t)  dnplieata  Hall.  Cbemnng  (Dev.). 

Atrypa  duplicata  Hall,  Geol.  New  York;  Rep.  Fourth  Dist.,  1843,  tab.  67,  fig. 2. 
Rhynchonella  (Stenocisma)  duplicata  Hall,  Pal.  New  York,  IV,  1867,  p.  350,  pi. 

66,  figs.  17-26. 
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CamarotcBchia  (?)  dnplioata  Hall — Continued. 

Bhynohonella  daplicata  Waloott,  Mon.  U.  8.  Geol.  Survey,  YIII,  1884,  p.  1<t5, 

pi.  14,  fig.  8. 
Camarotcechia  (f)  duplicata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893, 

p.  192,  pi.  57,  fige.  36-39. 
Loc.  New  York;  Eureka  district,  Nevada. 

OamarotflBchia  (Plethorliynoha)  endHehi  (Meek).  ?  Devonian. 

Rhyncbonella  endlichi  Meek,  Bull.  U.  8.  Geol.  Survey  Terr.,  2d  ser.,  1,  1875. 
p.  46.— White,  Twelfth  Ann.  Rep.  U.  S.  Geol.  Survey  Terr.,  1883,  p.  133,  pL 
36,  fig.  2;  pi.  33,  fig.  4. 

Loc,  East  of  Animas  River,  Colorado. 

Ohs.  This  ty{)e  of  RbynchonoUa  occurs  in  eastern  North  America  only  in  the 
Lower  Devonian.  It  therefore  seems  probahle  that  Meek's  provisional  ref- 
erence to  the  Devonian  is  nearer  correct  than  White's  to  the  Lower  CarboD- 
iferons. 

CamarotGBohia  ezimia  Hall.  Portage-Chemung  (Dev.). 

Atrypa  eximia  Hall,  Geol.  New  York;  Rep.  Fourth  Dist.,  1843,  tab.  66,  fig.4.— 

Rogers,  Geol.  Pennsylvania,  II,  Pt.  II,  1858,  p.  829,  fig.  682. 
Rbynot^onella  (Stenocisma)  eximia  Hall,  Pal.  New  York,  IV,  1867,  p.  348,  pi.  55, 

figs.  l-«.— Kindle,  Bull.  American  Pal.,  6,  1896,  p.  36. 
Camarotcechia  eximia  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  192, 

pi.  57,  figs.  44,  45. 
Loc,  Ithaca,  New  York ;  Pennsylvania. 

CamarotflBchia  fringilla  (Billings).  Auticosti  (Sil.). 

Rhyncbonella  fringilla  Billings,  Pal.  Fossils,  I,  1862,  p.  141,  fig.  118. 
Camarotcpchia  fringilla  Hall  .aid  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p. 

190,  pi.  r»6,  figs.  28-30. 
Loc,  Anticosti. 

CamarotcBchia  glacialis  (Billings).  Anticosti  (Sil.). 

Rhyncbonella  glacialis  Billings,  Pal.  Fossils,  1, 1862,  p.  143,  fig.  120. 
Camarotcechia  glacialis  Hall  and  Clarke,  Pul.  New  York,  VIII,  Pt.  II,  1893,  p.  190. 
Loc,  Anticosti. 

CamarotflBchia  honfordi  Hall.  Marcellns  and  Hamilton  (Dev.). 

Rhyncbonella  horsfordi  Hall,  Thirteenth  Rep.  New  York  State  Cab.  Nat.  Hist., 

1860,  p.  87.— Walcott,  Mon.  U.  8.  Geol.  Survey,  VIII,  1884,  p.  152,  pi.  14,  fig. 

3;  pi.  15,  fig.  6. 
Rhyncbonella  (Stenooisma)  horsfordi  Hall,  Pal.  New  York,  IV,  1867,  p.  339,  pi.  54, 

figs.  24-32. 
Camarotcechia  horsfordi,  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p. 

192,  pi.  57,  figs.  7-9. 
Loc,  Moscow,  York,  Geneseo,  and  Avon,  New  York;  Enreka  district,  Nevada. 

CamarotcBchia(?)  indianenns  (Hall).  Niagara  (»Si].). 

Rhyncbonella  indianensis  Hall,  Trans.  Albany  Institute,  IV,  1863,  p.  215;— 
Twenty-eighth  Rep.  New  York  State  Mus.  Nat.  Hist.,  1879,  p.  163,  pi.  26, 
figs.  12-22;— Eleventh  Rep.  State  Geol.  Indiana,  1882,  p.  306,  pi.  26,  figs.  12- 
22;  pi.  27,  figs.  4-6.— Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky 
GeoL  Survey,  1889,  p.  76,  pi.  33,  figs.  18-20.— Beec her  and  Clarke,  Mem.  New 
York  State  Mus..  1, 1889,  p.  42,  pi.  3,  figs.  17-28. 
Loc.  Waldron,  Indiana;  Louisville,  Kentucky. 

CamarotflBchia  marshallensiB  (A.  Winchell).  Marshall  (L.  Carb.). 

Rhyncbonella  marshallensis  A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia, 
1862,  p.  408.— Herrick,  Bull.  Denison  Univ,  III,  1888,  p.  40;  IV,  p.  23;— 
Geol.  Ohio,  VII,  1895,  pi.  23,  fig.  14. 
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OamarotcBchia  mamnifclkniris  (A.  Winchell) — OoutiimecU 

Camarotwchia  marBkaUensis  Hall  and  Clarke,  Pal.  New  York,  VIIl,  Pt.  II,  1883, 

p.  192. 
Loe.  Marshall,  Michigan;  Granville,  etc.,  Ohio. 

Cftmarotoobia(t)  neglecta  Hall.  Clinton  and  Niagara  (SiL). 

Atrypa  neglecta  Hall,  Pal.  New  York,  II,  1852,  p.  70,  pi.  23,  fig.  4;  p.  274,  pi. 57, 
fig.  1.— Billings,  Canadian  Nat.  Geol.,  I,  1856,  p.  138,  pi.  2,  figs.  11, 12. 

Khynchonella  neglecta  HaU,  Twelfth  Rep.  New  York  State  Cab.  Nat.  HUt.,  1859, 
p.  78.— Billinga,  Geology  Canada,  1863,  p.  315,  fig.  325.— Meek,  Pal.  Ohio, 

I,  1873,  p.  179,  pi.  15,  fig.  3.— Hall  and  Whitfield,  Ibidem,  II,  1875,  p.  134, 
pi.  7,  fig.  15.— HaU,  Twenty-eightb  Rep.  New  York  State  Mus.  Nat.  Hist., 
1879,  p.  162,  pi.  26,  figs.  1-6;— Eleventh  Rep.  State  Geol.  Indiana,  1882,  p. 
305,  pi.  26,  figs.  1-6;  pi.  27,  fig.  3.— Beecher  and  Clarke,  Mem.  New  York 
State  MuB.,  I,  1889,  p.  37,  pi.  4,  figs.  3,  6-8.— Foerste,  Proo.  Boston  Soo.  Nat. 
Hist.,  XXIV,  1890,  p.  317,  pi.  6,  fig.  12. 

Rhynchonella  neglecta  var.  scobtna  Meek,  American  Jour.  Sci.,  \Ui  ser.,  IV,  1872, 

p.  277. 
Rbynchonella  scobina  Hall  and  Whitfield,  Pal.  Ohio,  II,  1875,  p.  116.— Foerste, 

Geol.  Ohio,  VII,  1895,  p.  592. 
Camarotcechiaf  neglecta  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  190. 
Loe.  Reynales  Basin,  Lockport,  etc..  New  York;   Hamilton,  Ontario;  Dayton 

and Cedarville,  Ohio;  Hanover,  Indiana;  Wisconsin;  Arisaig,  Nova  Scotia. 

Oamaioteehia  obtaaiplicata  Hall.  !N'iagara  (SiL). 

Atrypa  obtusiplicata  Hall,  Pal.  New  York,  II,  1852,  p.  279,  pi.  58,  fig.  2. 
Rhynchonella  obtusiplicata  Hall,  Twelfth  Rep.  New  York  State  Cab.  Nat.  Hist., 

1859,  p.  78. 

Camarotcdchia  obtusiplicata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893, 

p.  190. 
Loe,  Lockport,  New  York. 

CamarotCBchia  orbioularis  H  all .  Chemnug  ( Dev. ). 

Rhynchonella  orbicularis  Hall,  Thirteenth  Rep.  New  York  State  Cab.  Nat.  Hist., 

1860,  p.  88. 

Rhynchonella  (Stenocisma)  orbicularis  Hall,  Pal.  Now  York,  IV,  1867,  p.  353,  pi. 

55,  figs.  40-46. 
CamarotoDohia  orbicularis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p. 

192,  pi.  57,  figs.  46-48,  50. 
Log. 'Chautauqua  County,  New  York;  Meadville,  Pennsylvania. 

CamarotGDehia  plena  Hall.  Cbazy  (Ord.). 

Atrypa  plena  Hall,  Pal.  New  York,  I,  1847,  p.  21,  pi.  4  bis,  fig.  7.— Billiugs, 

Canadian  Nat.  Geol.,  I,  1856,  p.  207,  figs.  17-19.— Rogers,  Geol.  Pennsylvania, 

II,  Pt.  II,  1858,  p.  817,  fig.  592. 

Atrypa  plicifera  Hall,  Pal.  New  York,  I,  1847,  p.  22,  pi.  4  bis,  fig.  8. 

Atrypa  altilis  Hall,  Ibidem,  1847,  p.  23,  pi.  4  bis,  fig.  9. 

Rhynchonella  plena,  plicifera,  and  altUis  Hall,  Twelfth  Rep.  New  York  State 

Cab.  Nat.  Hist.,  1859,  pp.  65, 66. 
Rhynchonella  plena  Billings,  Canadian  Nat.  Geol.,  IV,  1859,  p.  444,  fig.  22;— 

Geol.  Canada,  1863,  p.  126,  fig.  50. 
CamarotcEchia  plena  and  altilis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II, 

1893,  p.  190. 
Loe,  Chazy,  New  York;  Montreal  and  Ottawa,  Canada. 

Gamarotechia  (Plethorhyncha)  pleioplenra  (Conrad).        Oriskany  (Dev.). 

Atrypa  pleiopleura  Conrad,  Fifth  Ann.  Rep.  Geol.  Survey  New  York,  1841,  p.  55. 

Rbynchonella  pleiopleura  Hall,  Tenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1857, 
p.  86,  figs.  1-4;— Pal.  New  York,  III,  1859,  p.  440,  pi.  102,  fige.  3, 4.— Billings, 
PiO.  F«»il..  U.  1*74,  p.  38.  figs.  19,  30.  ^,  ^  ^^  ^  GoOgk 
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CamarotoBchia  (Plethorhyneha)  pleiopleiiTa  (Oonrad) — Gontinaed. 

Plethorhyncha  pliopleura  HaU  and  Clarke,  Pal.  Now  York,  VIII,  Pt.  II,  1893, 

p.  191. 
Loc,  Albany  and  Schoharie  coanties,  New  York;  Indian  Cove,  Gaep^. 

Camarotoobia  prolifioa  Hall.  Marcellus  and  Hamilton  (Dev.). 

Rhynchonella  (Stenociaina)  prolifica  Hall,  Pal.  New  York,  IV,  1867,  p.  343,  pi. 

54A,  figs.  1-10. 
Rhynchonella  prolifica  Tscheniyschew,  M<^m.  da  Comity  G^L  St.  Peteroburg, 

III,  1887,  p.  89,  pi.  14,  fig.  6. 
CamarotoBchia  prolifioa  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  192, 

pi.  57,  figs.  42,  43. 
Loe,  Fultonham  and  Coopentown,  New  York ;  Rossia. 

CamaiotcBchia  sageriana  (A.  Winchell).  Marshall  (L.  Garb.}. 

Rhynchonella  sageriana  A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1862, 

p.  407;— Ibidem,  1865,  p.  122.— Herrick,  Bull.  Denison  Univ.,  Ill,  1888,  p.  39. 
CamarotcBchia  sageriana  Hall  and  Clarke,  Pal.  New  York,  VUI,  Pt.  II,  1893, 

p.  192. 
Xoc.  Marshall,  Michigan;  Weymouth,  Ashland,  Sciotoville,  and  Newark^  Ohio; 

Hickman  County,  Tennessee. 

Camarotocbia  sappho  Hall.  Marcellus- Waverly  (Dev.-L.  Garb.). 

Rhynchonella  sappho  Hall,  Thirteenth  Rep.  New  York  State  Cab.  Nat.  Hist., 

1860,  p.  87.— Herrick,  BuU.  Denison  Univ.,  Ill,  1888,  p.  40,  pi.  5,  fig.  1 ;  pi.  7, 

fig.  25;— Geol.  Ohio,  VII,  1895,  pi.  21,  fig.  1. 
Rhynchonella  (Stenocisma)  sappho  Hall,  Pal.  New  York,  IV,  1867,  p.  340,  pi.  54, 

figs.  33-43;  var.  pi.  55,  figs.  47-52. 
Camarotoechia  sappho  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893^  p. 

192,  pi.  57,  figs.  10-14. 
Loo,  Leroy,  Qeneseo,  and  York,  New  York;  Licking  County,  Ohio. 

CamarotcBchia  (PlethorhynclLa)  speciofla  (Hall).  Oriskauy  (Dev.). 

Rhynchonella  speciosa  Hall,  Tenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1857, 
p.  81;— Pal.  New  York,  III,  1859,  p.  444,  pi.  103A,  figs.  1-6.— Meek  and 
Worthen,  Geol.  Survey  Illinois,  III,  1868,  p.  394,  pi.  8,  fig.  9. 

Rhynchotrema  speciosa  Waagcn,  PaliBontologica  Indica,  Ser.  XIII,  1, 1883,  p.  411. 

Plethorhyncha  speciosa  Hall  and  CUrke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  191, 
pi.  58,  figs.  29-37. 

Loo,  Cumberland,  Maryland ;  Jackson  County,  Illinois. 

Caiiiarotoohi&  itephani  Hall.  Portage  and  Chemung  (Dev.). 

Rhynchonella  (Stenocisma)  stephani  Hall,  Pal.  New  York,  IV,  1867,  p.  349,  pi. 

55,  figs.  9-16. 
Camarot<Bchia  stephani  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p. 

192;— Ibidem,  1895,  pi.  57,  figs.  33-35. 
Loc.  Ithaca  and  Phillipsburg,  New  York ;  Bradford,  Pennsylvania. 

CamarotGBobia  tethys  (Billings).  Gorniferous  (Dev.). 

Rhynchonella f  tethys  Billings,  Canadian  Jour.,  V,  1860,  p.  270,  figs.  20-22. 
Rhynchonella  tethys  Billings,  Geol.  Canada,  1863,  p.  370,  fig.  387.— Walcott, 

Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  152.— Nettelroth,  Kentucky  Fo«sil 

Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  83,  pi.  13,  figs.  25-33;  pi.  31, 

figs.  22-25. 
RhynchoneUa  (Stenocisma)  iethys  Hall,  Pal.  New  York,  IV,  1867,  p.  335,  pi.  54, 

figs.  1-8. 
CamarotcBohia  tethys  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  192, 

pi.  57,  figs.  1,  2. 
Loc,  County  of  Haldimand,  Ontario;  Stafibrd  and  Williamsville,  New  York; 

Columbus,  Ohio ;  Falls  of  Ohio ;  Eureka  district,  Nevada.    ^-^  ^ 
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GamarotoBehia  ventrioofa  Hall.  Lower  Helderberg  (Dev.). 

Rhynchonella  ventricofla  Hall^  Tenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1857, 

p.  78,  figs.  1-6;— Pal.  New  York,  III,  1859,  p.  238,  pi.  43,  fig.  1. 
CamaiotcBchia  ventricoea  Hall  and  Clarke,  Ibidem,  VIII,  Ft.  II,  1893,  p.  191. 
Wilsonia  ventricoea  Hall  and  Clarke,  Pal.  New  York,  VIII,  Vt,  II,  1895,  pi.  58, 

figs.  13,  14. 
Loc.  Schoharie,  Carlisle,  and  Cherry  Valley,  New  York. 

CamaTotcBehia  whitei  Hall.  Niagara  (Sil.). 

Kbynchonella  whitii  Hall  (non  A.  Winchell),  Trans.  Albany  Institute,  IV,  1863, 

p.  216. 
Rhynchonella  whitii  Hall,  Twenty-eighth  Rep.  New  York  State  Mus.  Nat.  Hist., 

1879,  p.  164,  pi.  26,  figs.  23-33;— Eleventh  Rep.  State  Geol.  Indiana,  1882,  p. 

307,  pi.  26,  figs.  23-33.— Beecher  and  Clarke,  Mem.  New  York  State  Mas.,  I, 

1889,  p.  39,  pi.  4,  figs.  1,  2,  4,  5. 
Rhynchonella  whitiana  Miller,  American  Pal.  Fossils,  2d  ed.,  1883,  p.  297. 
CamarotoBchiaf  whitii  Hall  and  Clarke,  Pal.  New  York,  VIII,  Ft.  II,  1893,  p.  190. 
Loc.  Waldron  and  Osgood,  Indiana. 
Cupulas  lagubris  OonradsDiscinisca  lagubris. 

CAF£LLIHIA  Hall  and  Clarke.  Genotype  C.  mira  H.  and  C. 

Capellinia  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  248,  pi.  70,  figs. 
6-14;— Thirteenth  Ann.  Rep.  New  York  State  Geologist,  1895,  p.  847. 

GapeUinia  mira  Hall  and  Clarke.  Niagara  (Sil.). 

Capellinia  mira  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  249,  pi. 

70,  figs.  6-14. 
Loe.  Vicinity  of  Milwaukee,  Wisconsin. 

CATAZYGA  Hall  and  Clarke.  Genotype  Athyris  headi  Billings. 

Catazyga  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  157,  fig.  151;- 
Thirteenth  Ann.  Rep.  New  York  State  Qeologist,  1895,  p.  803. 

Cataiyga  erratioa  Hall.  Lorraine  (Ord.). 

Orthiaf  erratica  Hall,  Pal.  New  York,  1, 1847,  p.  288,  pi.  79,  tig.  5. 
Athyris  headi  var.  anticostiensis  Billings,  P^.  Fossils,  I,  1862,  p.  147,  fig.  127. 
Athyris  headi  var.  borealis,  BiUings,  Ibidem,  1862,  p.  147,  fig.  126. 
Athyris  borealis  Billings,  Geol.  Canada,  1863,  p.  212,  fig.  216. 
Athyris  anticostiensis  Billings,  Ibidem,  1863,  p.  212,  fig.  215. 
Zygospira  anticostiensis  Davidson,  Suppl.  British  Sil.  Brach.,  Pahcontographical 

Soc,  1882,  p.  127. 
Zygospira  erratica  Davidson,  Ibidem,  1882,  p.  126. 
Orthis  erratica,  var.  Keesow,  Ueber  Sil.  u.  Devon,  geschiebe  Westiirenssens,  1884, 

p.  246,  pi.  2,  fig.  10. 
Catazyga  headi  vars.  borealis  and  anticostiensis  Hall  and  Clarke,  Pal.   New 

York,  VIII,  Pt.  II,  1895,  pi.  54,  figs.  27,  31-34. 
Catazyga  erratica  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  158,  pi. 

M,  figs.  17-23. 
Loc.  Oswego   County,  New   York;  River  Saguenay,  Lake  St.    John,  Canada; 

Anticosti;  "Wesenberg  Schiot,"  Prussia. 

Catazyga  head!  (Billings).  Lorraine  (Ord.). 

Athyris  headi  BiUings,  Pal.  Fossils,  1, 1862,  p.  147,  fig.  125;— Oeol.  Canada,  1863, 

p.  212,  fig.  214. 
Zygospira  headi  Hall,  Twenty-third  Rep.  New  York  State  Cab.  Nat.  Hist.,  1872, 

pi.  13,  figs.  23-25  (extract  pub.  1871).— Meek,  Pal.  Ohio,  1, 1873,  p.  127,  pi.  11, 

fig.l. — Miller,  Cincinnati  Quart.  Jour.  8oi.,  II,  1875,  p.  59. — Davidson,  Suppl. 

British  Sil.  Brach.,  Palseontographical  Soc,  1882,  p.  125. 
Glaasia  schnchertana  Ulrich,  American  Geologist,  I,  1888,  p.  186. 
Glassia  headi  Miller,  N.  American  Geol.  Pal.,  1889,  p.  346.  C^r\r\n]c> 
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Catasyga  headi  (Billings) — ^Oontinued. 

Catazyga  headi  llall  aud  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  158,  fig. 

151;  pi.  54,  figs.  24-26,  30. 
Loo,  St.  Lawrence  River,  opposite  Three  Rivers;  near  St.  Nicholas,  St.  Croix, 

and  Becancour  River,  Qnebeo,  Canada;  Wayneeville,  etc.,  Ohio;  Richmond 

and  Versailles,  Indiana.    According  to  Mr.  Ami,  also  in  the  Utioa  slate  at 

Ottawa,  Canada. 

Catazyga  nphami  ( Winchell  and  Schuchert).  Treuton  (Ord.). 

Zygospira  uphami  Winchell  and  Schuchert,  American  Geol.,  IX,  1892,  p.  291; — 

Minnesota  Geol.  Survey,  III,  p.  468,  pi.  34,  figs.  45-48. 
Loo,  Near  Spring  Valley  and  Wykoff,  Minnesota. 

CEHTROHELLA  BillingB.  Genotype  Bhynchouella  glansfagea  Hall. 
Centronella  Billings,  Canadian  Nat  Geol.,  IV,  1859,  p.  131,  iigs.  1-5;— Canadian 
Jour.,  VI,  1861,  p.  271.— HaU,  Sixteenth  Rep.  New  York  State  Cab.  Nat. 
Hist.,  1863,  p.  45,  figs.  13-17 ;— American  Jonr.  Sci.,  2d  ser.,  XXXV,  1863,  p. 
396.— Billings,  Ibidem,  XXXVI.  1863,  p.  237.— Hall,  Trans.  Albany  Institate, 
IV,  1863,  pp.  134,  148.— A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia, 
1865,  p.  122.— Hall,  Pal.  New  York,  IV,  1867,  p.  399.— Hall  and  Clarke, 
Ibidem,  VIII,  Pt.  II,  1893,  p.  265;— Thirteenth  Ann.  Rep.  New  York  State 
Geologist,  1895,  p.  853. 

Centroiiella(t)  allei  A.  Wiuchell.  Waverly  (L.  Carb.). 

Centronella  allii  A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1865,  p.  123. 
Cryptonellaf  allei  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  290. 
Loo,  Burlington,  Iowa;  Hamburg,  Illinois;  Summit  County,  Ohio. 

Centronella  alveata  Hall.  Onondaga  (Dev.). 

Rhynchonellat  alveata  Hall,  Tenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1857, 

p.  124. 
Centronella  hecate  Billings,  Canadian  Jour.,  VI,  (May)  1861,  p.  272,  fig.  99;— 

Geol.  Canada,  1863,  p.  374,  fig.  403.— Hall,  Pal.  New  York,  IV,  1867,  p.  420, 

pi.  61A,  figs.  27-29.— Ibidem,  VIII,  Pt.  II,  1895,  pi.  79,  fig.  15. 
Centronella  alveata  Hall,  Pal.  New  York,  IV,  1867,  p.  401,  pi.  61A,  figs.  22-24.— 

Hall  and  Clarke,  Ibidem,  VIII,   Pt.  II,  1893,  p.  268,  pi.  79,  figs.  22-24. 
Loo.  New  York ;  Cayuga,  Ontario. 
OhB.  See  C.  impressa  Hall. 
Centronella  anna  nartt=Harttina  anna. 

Centronella(t)  arcei  A.  Ulrich.  Devonian. 

Centronella?  arcei  Ulrich,  N.  Yahrb.  f.  Mineral.,  Beilagebaud,  VIII,  1892,  p.  53, 

pi.  5,  figs.  5-9. 
Loc.  Ida,  and  near  Pulquina,  Bolivia. 

Centronella  billingsiana  Meek  and  Worthen=rW^hitfleldelIa  billings- 

iana. 
Centronella(tt)  enuMicardinalis  Whitfield.  Warsaw  (L.  Carb.). 

Centronella  crassicardinalis  Whitfield,  Bull.  American  Mus.  Nat.  Hist.,  I,  1882, 
p.  55,  pi.  6,  figs.  50-52.— Hall,  Twelfth  Rep.  State  Geol.  Indiana,  XXIX,  1883, 
figs.  50-52. 
Loo.  Spergen  Hill,  Indiana. 

Oh».  This  species  is  not  well  establiHhed  and  is  based  upon  a  single  ventral 
▼alve.  Compare  with  Athyris  densa. 

Centronella(?)  flora  A.  Winchell.  Waverly  (L.  Carb.). 

Centronella?  flora  A.  Winchell,  Proc.  American  Phil.  Soo.,  XII,  1870,  p.  254. 
Loo,  Scioto ville,  Ohio. 
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Centnmella  glamfiig^a  Hall.  Oriskany-Corniferous  (Dev.). 

Rhynchonella  glansfagea  Hall,  Tenth  Rep.  New  York  State  Cab.  Nat.  Hist., 

1857,  p.  125,  figs.  1-6. 
Ceutronella  glansfagea  Billings,  Canadian  Nat.  Oeol.,  lY,  1859,  p.  132,  figf«. 

1-5;— Canadian  Jonr.,  Yl,  1861,  p.  271,  fig.  97;— Qeol.  Canada,  1863,  p.  374, 

fig.  405.- Hall,  Sixteenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1863,  pp. 

45-47;— Pal.  New  York,  lY,  1867,  p.  399,  pi.  61A,  figs.  1-21, 25, 26.— Nettelrotb, 

Kentucky  Fossil  Shells,  Mem.  Kentnoky  Geol.  Survey,  1889,  p.  153,  pi.  31,  figs. 

14-17.— Hall  and  Clarke,  Pal.  New  York,  YIII,  Pt.  II,  1893,  p.  268,  fig.  180; 

180;  pi.  79,  figs.  1-14, 17, 21. 
Loe.  Albany  and  Schoharie   oonnties,   New  York;  Cayuga,  Ontario;  Falls  of 

Ohio;  Michigan. 
Ohs,  In  the  American  Museum  of  Natural  History  this  species  is  labeled  Atrypa 

naviculoides  Conrad.    The  writer  has  not  been  able  to  find  this  description. 

It  may  be  one  of  Conrad's  manuscript  names. 

Centronella  glancia  Hall.  Hamilton  (DeY.). 

Centronella  glaucia  Hall,  Pal.  New  York,  lY,  1867,  p.  403,  pi.  61A,  figs.  39,  40.— 

Hall  and  Clarke,  Ibidem,  YIII,  Pt.  II,  1893,  p.  269. 
Loe.  Schoharie,  New  York. 

Centronella  hecate  Billlngs=:C.  alYeata. 

Centronella  impresia  Hall.  Hamilton  (DeY.). 

Centronella impressa  Hall,  Fourteenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  (July 
or  August)  1861,  p.  102 ;— Fifteenth  Rep.,  Ibidem,  1862,  pi.  3,  figs.  1-5.— Bil- 
lings, Canadian  Nat.  Oeol.,  YII,  1862,  p.  392.— Hall,  Pal.  New  York,  lY,  1867, 
p.  402,  pi.  61A,  figs.  30-38.- Hall  and  Clarke,  Pal.  New  York,  YIII,  Pt.  II,  1893, 
p.  269,  pi.  79,  figs.  16,  18-20. 

Loe,  Bellona,  York,  Pavilion,  and  Hamburg,  New  York. 

Obs.  Billings  says  this  species  is  the  same  as  C.  hecate  (=C.  alveata). 

CentroneUa  jnlia  A.  Winchell=Bomingerina  julia. 
Centronella  margarida  Derby=Trigeria  margarida. 

Centronella  (t)  naYioella  Hall.  Ghemang  (Dev.). 

Torobratula  naTicella  Hall,  Pal.  New  York,  lY,  1867,  p.  391,  pi.  60,  figs.  38-44. 
Centronella  (f)  navicella  Hall  and  Clarke,  Ibidem,  YIII,  Pt.  II,  1895,  pi.  79,  figs. 

40-42. 
Loe,  Rockford,  Iowa. 

Centronella  OYata  Hall.  Upper  Helderberg  (Doy.). 

Centronella  ovata  Hall,  Pal.  New  York,  lY,  1867,  p.  419,  pi.  61A,  figs.  47-49. 
Loe,  Cayuga,  Ontario. 

Centronella(l)  silvetii  A.  IJlrieh.  DeYoniau. 

Centronella  silvetii  A.  Ulrich,  N.  Jahrb.  f.  Mineral.,  Beilageband,  YIII,  1892, 

p.  51,  pi.  4,  figs.l5a-15d. 
Xoc.  Chahuarani,  Bolivia. 

CentroneUa  tnmida  Billings.  Oriskany  and  Gorniferons  (DeY.). 

Centronella  tumida  Billings,  Canadian  Jour.,  YI,  1861,  p.  272,  fig.  98; — Geol. 

Canada,  1863,  p.  374,  fig.  404. 
Loe,  Cayuga  and  Port  Colboume,  Ontario. 

CHABIOHELLA  Billings.  Genotype  Atrypa  scitula  Hall. 

Charionella  Billings,  Canadian  Jour.,  YI,  1861,  pp.  148,  274,  figs.  101, 102.— Hall, 

Sixteenth  Rep.  New  York  State  Cab.  Nat  Hist.,  1863,  p.  40;— American  Jour. 

Sci.,  n.  ser.,  XXXY,  1863,  p.  39<J.— Hall  and  Clarke,  Pal.  New  York,  YIII, 

Pt.  II,  1893,  p.  78;— Thirteenth  Rep.  New  York  Stat«  Geologist,  1895,  p.  775. 
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Gbarionella  circe  Billings^G.  scitula. 

Charionella  doris  Billings=Meri8tella  doris. 

Charionella  hyale  Billing8= Whitfieldella  hyale. 

CLarionella  rostrata  Billings^Meristella  rostrata. 

Charionella  scitula  Hall.  Goniiferous  (Dev.). 

Atrypa  scitula  Hall,  Geol.  New  York;  Rep.  Fourth  Dist.,  1843,  p.  171,  fig.  1. 

Athyrisf  scitula  Billings,  Canadian  Jonr.,  Y,  1860,  p.  278,  figs.  35-38. 

Charionella  circe  Billings,  Ihidem,  VI,  ISCtl,  p.  273,  fig.  100;— Geol.  Canada,  1863. 
p.  374,  fig.  400. 

Meristella  scitula  Hall,  Pal.  New  York,  IV,  1867,  p.  302,  pi.  47,  figs.  34-38. 

Meristella  circe  Miller,  N.  American  Geol.  Pal.,  1889,  p.  354. 

Charionella  scitula  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  78, 
pi.  42,  figs.  17-19. 

Loc.  Williamsville  and  Clarence  Hollow,  New  York;  Colnmhos,  Ohio  (Whit- 
field) ;  county  of  Haldimand,  Ontario. 

CHONETES  Fischer  de  Waldheim.  Genotype  Ortbis  striatella  Dalman. 
Chonetes  Fischer  de  Waldheim,  Oryotographie  du  GU>uyemement  de  Moeoow, 
Pt.  II,  1837,  p.  134.— Hall,  Pal.  New  York,  II,  1852,  p.  64.— Billings,  Canadian 
Jour.,  VI,  1861,  p. 349. — Meek  and  Hayden,  Pal.  Upper  Missouri,  Smithsonian 
Cont.  Knowl.,  17i,  1864,  p.  '->i.— Hall,  Twentieth  Rep.  New  York  State 
Cah.  Nat.  Hist.,  1867,  p.  242;— Pal.  New  York,  IV,  1867,  p.  115.— Waloott, 
Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  122.— Nettelroth,  Kentucky  Fossil 
Shells,  Mem.  Kentucky  Geol.  Survey,  1886,  p.  66.— Hall  and  Clarke,  Pal.  New 
York,  VIII,  Pt.l,  1892,  p.  303 ;— Eleventh  Ann.  Rep.  New  York  State  Geolo- 
gist, 18:)4,  p.  292. 

Chonetes  aontiradiatns  Hall.  Gorniferons  (Dev.)- 

Strophomena  acutiradiata  Hall,  Geol.  New  York ;  Rep.  Fourth  Dist.,  1843,  p.  171, 

fig.  3. 
Chonetes  acutiradiata  Hall,  Tenth  Rep.  New  York  State  Cah.  Nat.  Hist,  1857, 

p.  117;— Pal.  New  York,  IV,  1867,  p.  120,  pi.  20,  fig.  5;— Second  Ann.  Rep. 

New  York  State  Geol.,  1883,  pi.  47,  fig.  8.— Nettelroth,  Kentucky  Fo»il 

Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  66,  pi.  18,  figs.  18-20.— Hall  and 

Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  16,  fig.  8. 
Loc,  WiUiamsville,  Stafford,  etc..  New  York;  Colnmhus,  Ohio;  Falls  of  Ohio. 

Chonetes  amazoniciu  Derby.  Upper  Garboniferons. 

Chonetes  amazonica  Derhy,  Bull.  Cornell  Univ.,  1, 1874,  p.  41,  pi.  6,  figs.  3,  12. 

19;  pi.  9,  figs.  8, 9.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1. 18^2,  pi.  15B, 

fig.  13. 
IjOC.  Itaituha,  Brazil. 

Chonetes  antiope  Billings.  Lower  Devonian. 

Chonetes  anitope  Billings,  Pal.  Fossils,  II,  1874,  p.  19. 
Loc.  Mount  Jolli  and  Perc^,  Nova  Scotia. 

Chonetes  arcei  A.  XJlrich.  Middle  Devonian. 

Chonetes  arcei  A.  Ulrich,  N.  Jahrh.  f.  Mineral.,  Beilag^hand  VIII,  1892,  p.  77,  pi. 

4,  figs.  35,  36. 
Loc.  Chahuarani,  Ida,  and  Tarahuco,  Bolivia. 

Chonetes  arcnatns  Hall.  Gorniferons  (Dev.). 

Chonetes  arcuata  Hall,  Tenth  Rep.  New  York  State  Cah.  Nat.  Hist.,  1857,  p. 
116;— Pal.  New  York,  IV,  1867,  p.  119,  pi.  20,  fig.  7;— Second  Ann.  Bep.  New 
York  State  Geol.,  1883,  pi.  47,  figs.  15,  35,  36.— Hall  and  Clarke,  Pal.  New 
York,  VIII,  Pt.  I,  1892,  pi.  16,  figs.  16,  85,  36. 

Loc,  Williamsville,  Clarence  Hollow,  etc.,  New  York;  Colnmhus,  Ohio. 
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Chonete»  annata  Norwood  and  Pratten  (non  Bonchard)=C.  puHilus. 
Ghonetes  canadensiB  Billings.  Lower  Devonian. 

Chonetea  canadeusiB  Billings,  Pal.  Fossils,  II,  1874,  p.  17,  fig.  7. 
Loc.  Pero^,  Nov»  Scotia. 

Ghonetes  complanata  Hall=:Ohono8trophia  complanata. 

Chonetea  oomftockei  Bathban.  Middle  Devonian. 

Clionetes  comstockii  Rathbun,  Bull.  Buffalo  Soc.  Nat.  Sci.,  I,  1874,  p.  250,  pi.  9, 

figs.  5,  14, 18, 19, 31;— Proc.  Boston  Soc.  Nat.  Hist.,  XX,  1879,  p.  18. 
Iak,  Province  of  Para,  Brazil. 

Ghonetes  oomntos  (Hall).  Clinton  (Sil.). 

Strophomena  comnta  Hall,  Geol.  New  York ;  Rep.  Fourth  Dist.,  1843,  p.  73,  fig.  3. 
Ghonetes  comnta  de  Koninck,  Recher.  Animaux  Foes.,  Pt.  1, 1847,  p.  200,  pi.  20, 

fig.  3.-'Hall,  Pal.  New  York,  II,  1852,  p.  64,  pi.  21,  fig.  10;— Second  Ann. 

Rep.  New  York  State  Geol.,  1883,  pi.  47,  fig.  1.— Hall  and  Clarke,  Pal.  New 

York,  VIII,  Pt.  I,  1892,  pi.  16,  fig.  1. 
Loc.  Wayne  County,  New  York. 

Ghonetes  coronatns  (Conrad).  Hamilton  (Dev.). 

Strophomena  carinata  Conrad,  Jonr.  Aoad.  Nat.  Sci.  Philadelphia,  VIII,  1842, 
p.  257,  pi.  14,  fig.  13. 

Strophomena  syrtalis  Conrad,  Ibidem,  1842,  p.  253,  pi.  14,  fig.  1. 

Ghonetes  littonl  Norwood  and  Pratten,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  III, 
1854,  p.  25,  pi.  2,  fig.  4. 

Chonetea  maclnrea  Norwood  and  Pratten,  Ibidem,  1854,  p.  28,  pi.  2,  fig.  8. 

Chonetes  tnomyl  Norwood  and  Pratten,  Ibidem,  1854,  p.  28,  pi.  2,  fig.  9. 

Chonetea  martini  Norwood  and  Pratten,  Ibidem,  1854,  p.  29,  pi.  2,  fig.  10. 

Chonetes  coronata  Hall,  Tenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1857,  p. 
146,  figs.  1, 2;— Pal.  New  York,  IV,  1867,  p.  133,  pi.  21,  fi«8.  9-12.— Whitfield, 
Geol.  Wisconsin,  IV,  1882,  p.  327,  pi.  25,  fig.  16.— Hall,  Second  Ann.  Rep. 
New  York  State  Geol.,  1883,  pi.  47,  figs.  10,  11,  24,  26,  33,  39,  41,  43.-Hall 
and  Clarke,.  Pal.  New  York,  VIII,  Pt.  1, 1892,  pi.  16,  figs.  10,  11,  24,  26,  33, 
39,  41,  43. 

Loc,  New  York;  Pennsylvania;  nearArkona,  Ontario;  Bakeoven,  Illinois;  Mil- 
waukee, Wisconsin. 

Oh$.  In  the  Illtnoia  State  collection  there  are  specimens  of  C.  maclnrea  and  C. 
llttoni  which  are  not  specifically  distinct  from  C.  ooronatus  Conrad.  In  the 
American  Museum  of  Natural  History  the  writer  has  seen  specimens  of  C. 
tuorayi  and  C.  martini  labeled  as  varieties  of  C.  coronatns. 

Ghonetes  cnmaensis  Batbbnn.  Middle  Devonian. 

Chonetes  coruaensis  Rathbun,  Proc.  Boston  Soe.  Nat.  Sci.,  XX,  1879,  p.  21. 
Loc.  Province  of  Para,  Brazil. 

Chonetes  dawsoni  BilIings=Chono8trophia  dawsoni. 

Chonetes  deflecta  Hall=C.  vicinus. 

Chonetes  emmetensis  A.  Winchell.  Hamilton  (Dev.). 

Chonetes  emmetensis  A.  Winohe]],  Rep.  Lower  Peninsula  Michigan,  1866,  p.  92. 
Loc.  Grand  Traverse  Region,  Michigan. 

Chonetes  fiiUdandiens  Morris  and  Sharpe.  Lower  Devonian. 

Chonetes  falklandlca  Morris  and  Sharpe,  Quart.  Jour.  Geol.  Soc.  London,  11, 
1846,  p.  274,  pi.  10,  fig.  4.— De  Koninck,  Recher.  Animaux  Foss.,  Pt.  1, 1847, 
p.  204,  pi.  20,  fig.  4.— Von  Ammon,  Zeits.  d.  Gessels.  ftlr  Erdk.,  Berlin, 
XXVIII,  1893,  p.  360,  fig.  5. 

Loc.  Falkland  Islands ;  Taqnarassu,  Matto  Grosso,  Brazil. 
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Chonetes  filistriatai  Walcott.  Lower  Devonian. 

Chonotes  filistriata  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  127,  pi.  13, 

fig.  15. 
Loc,  Eureka  district,  Nevada. 

Ghonetes  iischeri  Hall=Chonoi)ectus  fischeri. 

Ghouetes  flemiugi  Norwood  and  Pratten=G.  variolatas. 

Ghonetes  freitanii  Bathban.  Middle  Devonian. 

ChoDetes  species  Rathbao,  Bull.  Buft'alo  Soc.  Nat.  Sci.,  I,  1874,  p.  253. 
Chonetes  freitassii  Rathbuu,  Proc.  Boston  Soc.  Nat.  Hist.,  XX,  1879,  p.  18. 
Loc.  Province  of  Para,  Brazil. 

Ghonetes  geinitziana  Waagen,  and  Miller =G.  glaber. 

Chonetes  genionlatiiB  White.  Kinderhook  (L.  Garb.). 

Ghonetes  geniculata  White,  Proc.  Boston  Soc.  Nat.  Hist.,  IX,  18li2,  p.  29. —A. 

Winchell,  Proc.  Acad.  Nat.  Soi.  Philadelphia,  1865,  p.  116;~Proc.  American 

Phil.  Soc,  XI,  1870,  p.  250. 
Cbouetes  genioulatus  Keyes,  Qeol.  Survey  MlHsouri,  V,  1895,  p.  53,  pi.  38,  fig.  3. 
Loc.  Hamburg,  Illinois;  Clarksville,  Missoari;  Rockford,  Indiana;  Rookville^ 

Ohio. 
Obs.  Compare  with  C.  omatns  Shumard. 

Ghonetes  gibbosa  Hall=G.  vicinus. 

Ohonetes  glabra  Hall  (non  Geinitz)=:G.  lineatus. 

Ghonetes  glaber  Geinitz.  Upper  Garbouiferons. 

Cbouetes  glabra  Qeinitz,  Carbon  u.  Dyas  in  Nebraska,  1866,  p.  60,  pi.  4,  Hgs. 

15-18.-.Toula,  Sitzb.  derKais.  Akad.  der  Wi88ensch.,Wion,  LIX,  1869,  p.  10.— 

Meek,  Final  Hep.  U.  S.  Geol.  Survey  Nebraska,  1872,  p.  171,  pi.  4,  fig.  10;  pi. 

8,  fig.  8.— Derby,  B«U.  ComeU  Univ.,  1, 1874,  p.  43,  pi.  8,  figs.  11, 14, 15, 19;— 

Bull.  MuB.  Comp.  Zool.,  Ill,  1876,  p.  280. 
Chonetes  geinitziana  Waagen,  PalsBontologica  Indica,  Ser.  XIII,  I,  1884,  p.  621. 
Chonetes  lievis  Keyes,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1888,  p.  229,  pi.  12, 

fig-  3; — Geol.  Survey  Missouri,  V,  189"),  p.  55,  pi.  37,  fig.  5. 
Chonetes  geinitzianus  Miller,  N.  American  Geol.  Pal.,  1889,  p.  339. 
Loc.  Nebraska  City,  Nebraska;  Kansas;   Iowa;  Illinois;  Bon^jardim  and  Itai- 

tuba,  Brazil ;  Yampopata  and  Coohabamba,  Bolivia. 

Ghonetes  grannlifer  Owen.  Upper  Garboniferons. 

Chonetes  granulifera  Owen,  Geol.  Rep.  Iowa,  Wisconsin,  Minnesota,  1852,  p.  583, 
pi.  5,  fig.  12.— Norwood  and  Pratten,  Jour.  Acad.  Nat.  Soi.  Philadelphia,  III, 
1854,  p.  24.~Meek,  Final  Rep.  U.  S.  Geol.  Survey  Nebraska,  1872,  p.  170,  pi. 
4,  fig.  9;  pi.  6,  fig.  10;  pi.  8,  fig.  7.— White,  Wheeler's  Geogr.  Geol.  Survey 
west  100  Merid.,  1875,  p.  122,  pi.  9,  fig.  8.— Keyes,  Geol.  Survey  Missouri,  V, 
1895,  p.  56. 

Cbouetes  smithii  Norwood  and  Pratten,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  III, 
1854,  p.  24,  pi.  2,  fig.  2.— Meek  and  Worthen,  Geol.  Survey  Illinois,  V,  1873, 
p.  570,  pi.  25,  fig.  11.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  pi. 
15B,  fig.  12. 

Chonetes  mucronata  Meek  and  Hayden,  Proc.  Acad.  Nat.  Sci.  Philadelphia, 
1858,  p.  262;— Pal.  Upper  Missouri,  Smithsonian  Cont.  to  Knowl.,  172, 
1864,  p.  22,  pi.  1,  fig.  5.— Geinitz,  Carbon  u.  Dyas  in  Nebraska,  1866,  p.  58, 
pi.  4,  figs.  12-14.— Toula,  Sitzongsb.  der  Kais.  Akad.  der  Wissenaoh.,  Wein, 
LIX,  1869,  p.  10. 

Chonetes  grannliferus  Beecher,  American  Jour,  Soi.,  3d  ser.,  XLI,  1891,  p.  357, 
pi.  17,  fig.  15. 

Loc.  Mouth  of  Keg  Creek,  Iowa;  Illinois;  Kansas;  Missouri;  Alabama;  Kanab 
Canyon,  Arizona;  Cochabamba,  Bolivia. 
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Chonetef  hemiipherienB  Hall.  Upper  Helderberg  (Dev.). 

Chonetes  bemiBpherioa  Hall,  Tenth  Rep.  New  York  SUte  Cab.  Nat.  Hiat.,  1857, 

p.  116,  figs.  l-3.~Billing8,  Canadian  Jonr.,  YI,  1861,  p.  349,  figs.  121-123; 

Geol.  Canada,  1863,  p.  368,  fig.  380.— Hall,  Pal.  New  York,  lY,  1867,  p.  118, 

pi.  20,  fig.  6.— Nicholson,  Pal.  Prov.  Ontario,  1873,  p.  75.— Walcott,  Mon. 

U.  S.  Geol.  Survey,  YIIl,  1884,  p.  123.— HaU  and  Clarke.  Pal.  New  York, 

VIII,  Pt.  I,  1892,  pi.  16,  fig.  14. 
Lo€.  Schoharie,  etc.,  New  York;  Eureka  district,  Nevada;  Ontario,  (-anada. 

Chonetefl  herbertamithi  Bathbun.  Middle  Devonian. 

ChonetcH  herbert-smithi  (Hartt  MS.)  Rathbnn,  Bull.  Buffalo  Soc.  Nat.  Sci.,  I, 
1874,  p.  251,  pi.  10,  figs.  39-42,  44-47;— Proc.  Boston  Soc.  Nat.  IliHt.,  XX, 
1879,  p.  20. 

Loc.  Province  of  Para,  Brazil. 

Chonetef  illinoiseniiB  Worthen.  Burlington  (L.  Garb.)* 

Chonetes  logani  Hall  (non  N.  and  P.),  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  598, 

pi.  12,  figs.  1,  2. 
Chonetes  illinoiensis  Worthen,  Trans.  St.  Louis  Acad.  Sci.,  1, 1860,  p.  571.'-A. 

Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1863,  p.  5;~Ibidem,  1865,  p. 

116.— Meek  and  Worthen,  Geol.  Survey  Illinois,  III,  1868.  p.  505,  pi.  15,  fig. 

8.— Herrick,  Bull.  Denisou  Univ.,  Ill,  1888,  p.  35,  pi.  3,  fig.  21. 
Loc.  Burlington,  Iowa;  Jersey  County,  Illinois;   Rockford,  Indiana;  Licking 

County,  Ohio. 

Chonetes  iowensis  Owen=Pholido8trophia  iowensis. 

Chonetes  koninckianat  Norwood  and  Pratten.  Middle  Devonian. 

Chonetes  koninckiana Norwood  and  Pratten,  Joar.  Acad.  Nat.  Sci.  Philadelphia^ 
III,  1864,  p.  30,  pi.  2,  fig.  11. 

Loc.  Jonesboro,  Union  County,  Illinois. 
Chonetes  laBvis  Keye8=C.  glaber  Geinitz. 
Chonetes  laticosta  Hal]=C.  macronatns. 
Chonetes  lepidui  Ball.  Marcellus-Chemung  (Dev.). 

Chonetes  lepida  Hall,  Tenth  Rep.  New  York  SUte  Cab.  Nat.  Hist.,  1857,  p.  148;~ 
Pal.  New  York,  IV,  1867,  p.  142,  pi.  22,  figs.  12,  13.— Clarke,  Bull.  U.  8.  Geol. 
Survey,  16,  1885,  pp.  24,  32. 

Xoe.  Cayuga  Lake,  ete.,  New  York;  Mdadville,  Pennsylvania. 

Ghonetes  lineatiu  (Conrad).  Corniferoun  (Dev.). 

Strophomea  lineata  Conrad,  Third  Ann.  Rep.  Geol.  Survey  New  York,  1839,  p. 

64.— Vanuzem,  GeoL  New  York;  Rep.  Third  Dist.,  1842,  p.  139,  fig.  6  (should 

be  5a).--Hall,  Geol.  New  York;  Rep.  Fourth  Dist.,  1843,  p.  175,  fig.  8. 
Chonetes  glabra  Hall,  Tenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1857,  p.  117, 

figs.  1-8. 
Chonetes  lineata  Hall,  Pal.  New  York,  IV,  1867,  p.  121,  pl.  20,  fig.  3;^Second 

Ann.  Rep.  New  York  State  Geol.,  1883,  pl.  47,  fig.  34.— Hall  and  Clarke,  Pal. 

New  York,  VIII,  Pt.  1, 1892,  pl.  16,  fig.  34. 
Loe.  Cayuga  Lake,  etc..  New  York. 

Chonetes  littdni  Norwood  and  Pratten=0.  coronatus. 

Chonetes  logani  Hall  (non  Kor.  and  Prat)=C.  illinoisensiH. 

Chonetes loganiNorwood  andPratten.  Kinderhook-Borlington  (L. Oarb.). 
Chonetes  logani  Norwood  and  Pratten,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  III, 
1854,  p.  30,  pl.  2,  fig.  12.— A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia, 
1866,  p.  116.— Hall,  Pal.  New  York,  IV,  1867,  pl.  22,  figs.  23,  26-28 ;— Second 
Ann.  Rep.  New  York  State  Geol.,  1883,  pl.  47,  fig.  25.— Herrick,  Bull.  Denison 
Univ.,  Ill,  1888,  p.  35,  pl.  3,  fig.  12;  pl.  7,  fig.  22.— Hall  and  Clarke,  Pal.  New 
York,  VIII,  Pt.  1, 1892,  pl.  16,  fig.  25. 
Loc.  Burlington,  Iowa;  Quincy,  Illinois;  Licking  County,  Ohio. 
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Chonetes  logani  aurora  Hall.  TuUy-Burlington  (Dev.-L.  Carb.). 

Cbonetea  logani  var.  aurora  Hall,  Pal.  New  York,  IV,  1867,  p.  137,  pi.  22,  figs. 
16-18;— Second  Ann.  Rep.  New  York  State  Geol.,  1883,  pi.  47,  figs.  9, 18.- 
Wbiteaves,  Cont.  to  Canadian  Pal.,  I,  1891,  p.  215,  pi.  29,  &fr,  2.— Hall  and 
Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  16,  figs.  9,  18. 

Chonetes  aurora  Williams,  Bull.  Geol.  Soc.  America,  I,  1890,  p.  491,  pi.  11\  ti^ 
10, 11. 

Lao,  TuUy  and  Deruyter,  New  York;  Athabasca,  Mackenzie,  and  Red  Deer 
rivers.  Northwest  Territory,  Canada;  Cayahoga  and  Licking  oonntiea, 
Ohio;  Burlington,  Iowa. 

Chonetes  loganenns  Hall  and  Whitfield.  Kinderhook  (L.  Garb.). 

Chonetes  loganensis  Hall  and  Whitfield,  King's  Geol.  Expl.  40th  Paral.,  IV,  1877, 
p.  253,  pi.  4,  fig.  9. 

Loc.  Logan  Canyon,  Wahsatch  Range,  Utah.    * 
Chonetes  maclarea  Norwood  and  Pratten=0.  coronatns. 

Chonetes  macrostriata  Walcott=Stropheodouta  macrostriata. 

Chonetet  manitohensifl  Whiteaves.  Upper  Devonian. 

Chonetes  manitobensis  Whiteaves,  Cont.  to  Canadian  Pal.,  I,  1892,  p.  281,  pi.  ^, 

figs.  1,  2. 
Loo,  Manitoba  Island,  Lake  Manitoba,  Canada. 

Chonetes  martini  Norwood  and  Pratten=C.  coronatns. 

Chonetes  meloniciu  Billings.  Oriskany  (Dev.). 

Chonetes  melonica  Billings,  Pal.  Fossils,  II,  1874,  p.  15,  fig.  6. 
Loo.  Little  Gasp^,  Quebec,  Canada. 

Chonetes  mesolohus  Norwood  and  Pratten.  Upper  Carboniferonss 

Chonetes  mesoloba  Nor.  and  Prat.,  Jour.  Acad.  Nat.  Soi.  Philadelphia,  III,  1854. 
p.  27,  pi.  2,  fig.  7.— White,  Wheeler's  Geogr.  Geol.  Expl.  Survey  west  100 
Merid.,  1875,  p.  123,  pi.  9,  fig.  7.—Hall,  Second  Ann.  Rep.  New  York  State 
Geol.,  1883,  pi.  47,  fig.  22.— Keyes,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1888, 
p.  228.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pi,  16,  ^,  22. 
Loc.  Belleville,  Illinois ;  Charboniere,  Missouri ;  Flint  Ridge,  Ohio ;  New  Mexico; 
Arizona. 

Chonetes  michiganensis  Stevens.  Upper  Carboniferous. 

Chonetes  michiganensis  Stevens,  American  Jour.  Soi.,  2d  ser.,  XXV,  1858,  p.  263. 

Loo,  Battle  Creek,  Michigan. 
Chonetes  millipnnctata  Meek  and  Worthen=Anlacorhynchn8  milli- 

pnnctatnm. 
Chonetes  minima  Hall  (non  Sowerby)=C.  nndulatns. 
Chonetes  mucronata  Meek  and  Hayden  (non  Hall)=C.  grannlifer. 

Chonetes  mncronatns  Hall.  Oriskany-Hamilton  (Dev.). 

Strophomena  mucronata  Hall,  Geol.  New  York;  Rep.  Fourth  Dist.,  1843,  p.  180, 

fig.  3. 
Chonetes  laticosta  Hall,  Tenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1857, 

p.  119.— Billings,  Pal.  Fossils,  II,  1874,  p.  20. 
Chonetes  mucronata  Hall,  Pal.  New  York,  IV,  1867,  p.  124,  pi.  20,  fig.  1;  pi.  21, 

fig.  1.— Nicholson,  Pal.  Prov.  Ontario,  1873,  p.  74.— Hall,  Second  Ann.  Sep. 

New  York  State  Geol.,  1883,  pi.  47,  figs.  6,  7.— Hall  and  Clarke,  Pal.  New 

York,  VIII,  Pt.  I.  1892,  pi.  16,  figs.  6,  7. 
Chonetes  mucronata?  Walcott,  Mon.  U.  S.Geol.  Survey,  VIII,  1884,  p.  124. 
Loc.  New  York;  Cayuga,  Ontario;  Gasp^;  Eureka  district,  Nerada. 
OhB.  See  C.  stUbeli. 
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GhoneteMiiiiltioofta  A. Winchell.     Kimlerhook  aud  Barlingtoii  (L.  Garb.). 
Chonetee  malticoeta  A  Winchell,  Proo.  Acad.  Nat.  Sci.  Philadelphia,  1863,  p.5;— 

Proc.  American. Phil.  Soc.,  XII,  1870,  p.  250. 
Loe,  Bnrlington,  Iowa;  Hickman  and  Maury  counties,  Teuueesee. 

Chonetes  muricata  Hall=Stropbalo8ia  muricata. 

Chonetes  nana  Norwood  and  Pratteu  (nou  de  Verneuil) =C.  yandellauus. 

Ghonetef  novasootioat  Hall.  Ariaaig  and  Niagara  (Sil.). 

Chonetes  novascotica  Hall,  Canadian  Nat.  Geol.,  Y,  1Q60,  p.  144,  fig.  2.— Dawson, 
Acadian  Geol.,  3d  ed.,  1878,  p.  595,  fig.  199.— Hall,  Twenty-eighth  Rep.  New 
York  SUte  Mns.  Nat.  Hist.,  1879,  p.  155,  pi.  22,  figs.  11<14;— Elovecth  Eep. 
State  Geol.  Indiana,  1882,  p.  293,  pi.  22,  figs.  11-14. 

Loe.  Arisaig,  Nova  Scotia;  Waldrou,  Indiana. 

Clumetes  onettiannB  Kathbun.  Middle  Devonian. 

Chonetes  onettiana  Rathbun,  Bull.  Buffalo  Soc.  Nat.  Sci.,  I,  1874,  p.  253,  pi.  10, 

figs.  43,  48. 
Lcc.  Province  of  Para,  Brazil. 

Chonetes  omatUB  Shumard.  Chouteau  (L.  Garb.). 

Chonetes  omata  Shumard,  Geol.  Rep.  Missouri,  1855,  p.  202,  PI.  C%  tig.  1.— Keyes, 

Geol.  Survey  Missouri,  V,  1895,  p.  53,  pi.  38,  fig.  2. 
Loc.  Louisiana  and  Hannibal,  Missouri. 
OhB,  See  C.  geniculattts  White. 

Chonetes  parvus  Shumard.  Upper  Carboniferous. 

Chonetes  parva  Shumard,  Geol.  Rep.  Missouri,  1855,  p.  201. 
Loc,  Boone  County,  Missouri. 
OhB.  Keyes  says  this  species  is  a  synonym  for  C.  flemingi==C.  variolatns. 

Chonetes  permianos  Shumard.  Upper  Carboniferous. 

Chonetes  permiana  Shumard,  Trans.  St.  Louis  Acad.  Sci.,  1, 1859,  p.  390. 
Loe,  Mouth  of  Delaware  Creek,  Texas. 

Chonetes  planumbonns  Meek  and  Wortheu.  Keokuk  (L.  Carb.). 

Chonetes  planumbona  Meek  and  Worthen,  Proc.  Acad.  Nat.  Sci.  Philadelphia, 
1860,  p.  450;— Geol.  Survey  Illinois,  II,  1866,  p.  2.53,  pi.  18,  tig.  1. 

Loc,  Monroe  County,  Illinois;  Crawfordsville,  Indiana;  Kings  Mountain,  Ken- 
tucky. 

Chonetes  platynotus  White.  Upper  Carboniferous. 

Chonetes platynota  White,  Wheeler's  Geogr.  Geol.  Expl.  Survey  west  100  Merid., 

PreL  Rep.,  1874,  p.  19;— Ibidem,  Final  Rep.,  IV,  1875,  p.  121,  pi.  9,  fig.  6. 
Loe,  Santa  Fe,  New  Mexico;  near  Salt  Lake,  Utah. 

Chonetes  pnlchellus  A.  Winchell.  Waverly  (L.  Carb.). 

Chonetes  pnlchella  A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1862, 
p.  410;— Ibidem,  1865,  p.  115;— Proc.  .^erican  Phil.  Soc,  XII,  1870,  p.250.— 
Herrick,  Bull.  Denison  Univ.,  Ill,  1888,  p.  37,  pi.  3,  fig.  14. 

Loe,  Moscow,  Hillsdale  County,  Michigan;  Trumbull,  Summit,  aud  Licking 
counties,  Ohio;  Shafers,  Pennsylvania;  Hickman  County,  Tennessee. 

Chonetes  pnnotatns  Simpson.  Lower  Helderberg  (Dev.). 

Chonetes  punctata  Simpson,  Trans.  American  Phil.  Soc,   n.  ser.,  XVI,  1889, 

p.  438,  ^g,  3. 
Loc,  HazardviUe,  Carbon  County,  Pennsylvania. 

Chonetes  pasiUns  Hall.  Hamilton  (Dev.). 

Chonetes  armata  Norwood  and  Pratten  (non  Bouchard),  Jour.  Acad.  Nat.  Sci. 
Philadelphia,  III,  1854,  p.  28. 
Bull.  87 12 
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Chonetes  pusillat  Hall — Continued.  , 

Chonetes  pnsilla  Hall,  Tenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1857,  p. 

149;— Pal.  New  York,  IV,  1867,  p.  128,  pi.  21,  fig.  6.7-Meek,  Trans.  Chicago 

Acad.  Sci.,  1, 1868,  p.  93,  pi.  13,  fig.  2. 
Loc.  Bakeoven,  Illinois;  Fort  Resolution,  Great  Slave  Lake,  British  America. 
Oba,  lo  the  Illinois  State  collection  there  is  a  specimen  of  C.  armatns  N.  and  P. 

with  an  old  label  attached.    This  specimen  is  identical  with  C.  pnsillns  Hall. 

Chonetes  reversa  Wliitfield=Chono8trophia  reversa. 

Ghonetefl  rtleki  A.  Ulrioli.  Middle  Devoniau. 

Chonetes  riicki  A.  Ulrich,  N.  Jahrb.  f.  Mineral.,  Beilageband,  VIII,  1892,  p.  79, 

pi.  5,  figs.  1,  2. 
Loc.  Chahuaraniy  Ida,  and  Tarabnco,  Bolivia. 

Chonetes  BarcinQlatiis  Norwood  and  Pratten. 

Chonetes  sarcinulata  Norwood  and  Pratten  (non  Schlotheim),  Jonr.  Acad.  Nat. 

Sci.  Philadelphia,  III,  1&54,  p.  28. 
Ob$.  It  is  impossible  to  point  out  the  American  representative  intended  by  these 

authors  for  this  species. 

Chonetes  scitnlus  Hall.  Marcellns-Chemung  (Dev.). 

Chonetes  scitula  Hall,  Tenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1857,  p.  147;— 
Pal.  New  York,  IV,  1867,  p.  130,  pi.  21,  fig.  4;— Second  Ann.  Rep.  New  York 
State  Geol.,  1883,  pi.  47,  figs.  3,  4,  27,  32,  40,  44.--Herrick,  Bull.  Denison 
Univ.,  Ill,  1888,  p.  36,  pi.  1,  fig.  4.— WTiitfield,  Annals  New  York  Acad.  Sci., 
V,  1891,  p.  548,  pi.  11,  fig.  10.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I, 
1892,  pi.  16,  figs.  3,  4,  27,  32,  40,  44.— Whitfield,  Geol.  Ohio,  VII,  1895,  p.  443, 
pi.  7,  fig.  10.— Kindle,  Bull.  American  Pal.,  6,  1896,  p.  37. 

ChonetM  scitulus  Beecher,  American  Jonr.  Sci.,  XLI,  1891,  p.  357,  pi.  17,  fig.  14. 

Loc.  Moscow,  Hamburg,  etc.,  New  York;  Meadville,  Pennsylvania;  Delaware 
and  Licking  counties,  Ohio. 

Chonetes  setigerus  (Hall).  Marcellus-Waverly  (Dev.-L.  Carb.). 

Strophomens  setigera  Hall,  Geol.  New  York ;  Rep.  Fourth  Dist.,  1843,  p.  180, 

fig.  2;  p.  222,  fig.  3. 
Chonetes  setigera  de  Koninck,  Recher.  Animanx  Foss.,  1, 1847,  p.  215,  pi.  20,  fig. 

7.— Hall,  Tenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1857,  p.  150;— Pal. 

New  York,  IV,  1867,  p.  129,  pi.  21,  fig.  2;  p.  142,  pi.  22,  figs.  1-5;— Second 

Ann.  Rep.  New  York  State  Geol.,  1883,  pi.  47,  figs.  2,  5,  19.— Waloott,  Hon. 

U.  8.  Geol.  Survey,  VIII,  1884,  p.  125.— Clarke,  Bull.  U.  8.  Geol.  Survey,  16, 

1885,  p.  24.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  16,  tigs. 

2,  5,  19. 
Chonetes  setigera f  A.  Winohell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1862,  p.  411. 
Loc,  New  York;  Meadville,  Pennsylvania;  Ohio;  Union  City,  Branch  County, 

Michigan ;  Eureka  district,  Nevada. 

Chonetes  shnmardianas  de  Koniiwk.  Keokuk  (L.  Carb.). 

Chonetes  shumardiana  de  Koninck,  Recher.  Animaux  Foss.,  Pt.  I,  1847,  p.  192, 
pi.  20,  tig.  1.— Norwood  and  Pratten,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  III, 
1854,  p.  24. 
Loc.  The  Knobs,  Jefferson  County,  Kentucky. 

Chonetes  smitbii  Korwood  and  Pratten =C.  grauulifer. 

Chonetes  striatellns  (Dalraan).  Silurian. 

OrthisstriatellaDalman,  Kgl.  Sveus.Vetens.-Akad.  Handl.,  1828,  p.  Ill,  pi.  1,  fig.  5. 
Chonetes  striatella  Etheridge,  Quart.  Jour.  Geol.  Soc.  London,  XXXIV,  1878, 

p.  595. 
Loc,  Europe;  Cape  Louis  Napoleon,  lat.  79^  38'. 
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Ghonetes  stiibeli  A.  IJlrich.  «    Middle  Devonian. 

Chonetes  stiibeli  A.  lllrich,  N.  Jahrb.  f.  Mineral.,  Itoilageband,  YIII,  1892,  p.  80, 

pi.  5,    fig8.   3;   4. 

Loc.  Rio  Sicasioa,  Bolivia. 

0h9,  Probably  the  same  as  C.  mncronatns. 

Ghonetes  subqnadratUB  Nettelroth.  Hamilton  ( Dev.). 

Chonetes  subqaadrata  Nettelroth,  Kentacky  Fossil  Shells,  Mem.  Kentucky  Geoi. 

Survey,  1889,  p.  67. 
Loo,  Falls  of  Ohio. 

Ghonetei  tennistriatiu  Hall.  Arisaig  (811.). 

Chonetes  tenuistriata  Hall,  Canadian  Nat,  Geol.,  V,  1860,  p.  145,  fig.  3. — Dawson, 

Acadian  Geol.,  3d  ed.,  1878,  p.  596,  fig.  200. 
Loo.  East  River,  Nova  Scotia. 

Chonetes  tnmidns  Herrick.  Waverly  (L.  Garb.). 

Chonetes  tnmidns  Herrick,  Bull.  Denison  Univ.,  Ill,  1888,  p.  36,  pi.  2,  fig.  21. 
Loc,  Moots  Rnn,  Licking  County,  Ohio. 

Chonetes  tnomyi  Norwood  and  Pratten=0.  coronatus. 

Chonetes  nndnlatns  Hall.  Kiagara  (Sil.). 

Chonetes  minima  Hall  (non  Sowerby),  Twenty-eighth  Rep.  New  York  State 

Mus.  Nat.  Hist.,  Doc.  ed.,  1876,  pi.  22,  fig.  15, 
Chonetes  nndulata  Hall,  Ibidem,  1879,  p.  155,  pi.  22,  fig.  15;— Eleventh  Rep.  State 

Geol.  Indiana,  1882,  p.  294,  pi.  22,  fig.  15. 
Loc,  Waldron,  Indiana. 

Chonetes  variolatus  (d'Orbigny).  Upper  Carboniferons. 

Leptsena  variolata  d'Orbigny,  Vpyage  dans  TAm^rique  Meridionale ;  Pal^ontol- 

ogie,  1842,  p.  49. 
Prodnctus  variolata  d'Orbigny,  Ibidem,  1842,  pi.  4,  figs.  10,  11. 
Chonetes  variolata  de  Koninck,  Recher.  Animaux  Foss.,  Pt.  1, 1847,  p.  206,  pi.  20, 

fig.  2.— Hall,  Stansbury's  Expl.  Great  Salt  Lake,  1852,  p.  410,  pi.  3,  fig.  1.— 

Norwood  and  Pratten,  Jour.  Acad.  Nat.  Sci.  Philadelphia.  Ill,  1854,  p.  28. 
Chonetes  fiemingi  Norwood  and  Pratten,  Ibidem,  1854,  p.  26,  pi.  2,  fig.  5. — 

Geinitz,  Carbon  u.  Dyas  in  Nebraska,  1866,  p.  59.— Hall  and  Clarke,  Pal. 

New  York,  VIII,  Pt.  1, 1892,  pi.  158",  fig.  11.— Keyes,  Geol.  Survey  Missouri, 

y,  1895,  p.  54,  pi.  38,  fig.  6. 
Loc,  Yarbichambi,  Bolivia;  Guernsey,  etc.,  Ohio;  Illinois;  Missouri;  Kansas; 

Nebraska. 
Ohs,  Compare  with  C.  parvus. 

Chonetes  vememlianns  Norwood  and  Pratten.         Upper  Carboniferous. 

Chonetes  vemeui liana  Norwood  and  Pratten,  Jour.  Acad.  Nat.  Soi.  Philadelphia, 

III,  1854,  p.  26,  pi.  2,  fig.  6.— Newberry,  Ives'  Rep.  Colorado  River  of  the 

West,  1861,  p.  128.— Meek,  Final  Rep.  U.  S.  Geol.  Survey  Nebraska,  1872,  p. 

170,  pi.  1,  fig.  10.— Hall,  Second  Rep.  New  York  State  Geol.,  1883,  pi.  47,  figs. 

20,  21.— White,  Thirteenth  Rep.  State  Geol.  Indiana,  1884,  p.  128,  pi.  25,  figs. 

.  7,  8.— HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  16,  figs.  20,  21. 

Loc,  Carboniere,   Missouri;   Indiana;   Illinois;   Missouri;    Kansas;    Nebraska; 

banks  of  Colorado  River. 

Chonetes  vemenilianns  ntahensis  Meek.  Upper  Carboniferons. 

Chonetes  vemeuiliana  var.  ntahensis  Mee.k,  Simpson's  Rep.  Expl.  Great  Basin, 

Tor.  Utah,  1876,  p.  348,  pi.  2,  fig.  2. 
Loo,  Near  Humboldt  Mountains,  Utah. 
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Chonetes  Tiemus  (Ga^lnau).  Hamilton  (Dev.). 

Leptffina  vioina  Castelnan,  Systeme  Sil.  TAm^riqae  Septentrionale,  1843,  p.  39, 
pi.  14,  fig.  9. 

Chonetes  vlcina  de  Koninok^  Recher.  Animaux  Fobs.,  Ft.  1, 1847,  p.  203. 

Chonetes  deflecta  Hall,  Tenth  Rep.  New  York  State  Gab.  Nat.  Hist.,  1857,  p. 
149;— Pal.  New  York,  IV,  1867,  p.  126,  pi.  21,  ligs.  7,  8;— Second  Ann.  Rep. 
N.  Y.  State  Geol.,  1883,  pi.  47,  fig. -28.— Walcott,  Mon.  U.  S.  Geol.  Survey, 
VIII,  1884,  p.  24,  pi.  2,  fig.  8.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Ft.  I, 
1892,  .pi.  16,  fig.  28. 

Chonetes  gibbosa  Hall,  Tenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1857,  p.  143. 

Loc,  Ontario  County,  New  York;  Columbus,  Ohio;  Wisconsin;  Eureka  diatrici, 
Nevada. 

Ohs,  Castelnau's  specimens  are  from  ''Ontario  County,  New  York."  His  figoroB 
are  good  and  can  not  be  compared  with  any  other  species  than  the  well- 
known  C.  deflectus  Hall,  a  species  occurring  abundantly  in  Ontario  County. 

Chonetes  yandellanns  Hall.  Oorniferons  (Dev.). 

Chonetes  nana  de  Koninck  (non  de  Vemeuil),  Recher.  Animaux  Foss.,  Pt.  1, 1847, 

p.  213. — Norwood  and  Pratten  (non  de  Verneuil),  Jour.  Acad.  Nat.  ScL 

Philadelphia,  III,  1854,  p.  28. 
Chonetes  yandellana  Hall,  Tenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1857,  p. 

118;— Pal.  New  York,  IV,  1867,  p.  123,  pi.  20,  fig.  4.— Nettelroth,  Kentucky 

Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  68,  pi.  17,  figs.  16-19; 

pi.  31,  figs.  20,  30. 
Loc,  Falls  of  Ohio;  Columbus,  Ohio. 

GHOBfOPECTUS  Hall  and  Clarke.    Genotype  Ohonetes  fischeri  N.  and  P. 
Chonopectus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Ft.  1, 1892,  p.  312 ;— Eleventii 
Ann.  Rep.  New  York  State  Geologist,  1894,  p.  295. 

Chonopectns  fischeri  (Norwood  and  Pratten). 

Kinderhook  and  Burlington  (L.  Garb.). 

Chonetes  fischeri  Norwood  and  Pratten,  Jour.  Acad.  "Nat.  Sci.  Philadelphia,  III, 

1854,  p.  25,  pi.  2,  fig.  3.— Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  517,  pi.  7, 

fig.  1;— Second  Ann.  Rep.  New  York  State  Geol.,  1883,  pi.  47,  figs.  17,  31. 

Chonopectus  fischeri  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  312, 

pi.  15B,  figs.  20-23;  pi.  16,  figs.  17,  31. 
Loo,  Burlington,  Iowa;  Warreu,  Pennsylvania. 

CHOBTOSTEOPHIA  Hall  and  Clarke. 

Genotype  Chonetes  reversa  Whitfield. 

Chonostrophia  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  310;— 
Eleventh  Ann.  Rep.  New  York  State  Geologist,  1894,  p.  294. 

Chonostrophia  complanata  Hall.  Oriskany  (Dev.). 

Chonetes  complanata  Hall,  Tenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1857,  p. 

56;— Pal.  New  York,  III,  1859,  p.  418,  pi.  93,  fig.  1;— Second  Ann.  Rep.  New 

York  State  Geol.,  1883,  pi.  47,  figs.  13,  29. 
Chonostrophia  complanata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p. 

311,  pi.  16,  figs.  13,  29. 
f  Strophomena  sp.  A,  A.  Ulrich,  N.  Jahrb.  f.  Mineral.,  Beilageband,  VIII, -1892,  p. 

70,  pi.  14,  fig.  24(123). 
Loc,  Albany  and  Schoharie  counties.  New  York ;  Cayuga,  Ontario ;  Cumberland, 

Maryland;  f Bolivia. 

Chonostrophia  dawsoni  (Billings).  Lower  Devonian. 

Chonetes  dawsoni  Billings,  Pal.  Fossils,  II,  1874,  p.  18,  fig.  8. 
Chonostrophia  dawsoni  Hall  and  Clarke,  Pal.  New  York,  VIU,  Pt.  I,  1892, 

p.  311. 
Xoo.  Gasp^  and  Perc^,  Quebec,  Canada. 
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Ghonostrophia  nelderbergue  Hall.  Lower  Held^rberg  (Dev.). 

Chonostrophia  helderbergia  Hall  and  Clarke,  Pal.  New  York,  YUI,  Pt.  1, 1892, 

pp.  311,  353,  pi.  15B,  fig.  14. 
Loo,  Albany  County,  New  York. 

Chonostrophia  revena  (Whitfield).  Ooruiferous  (Dev.). 

Chonetes  reversa  Whitfield,  AnnalH  New  York  Acad.  Sci.,  II,  1882,  p.  213;— 

Ibidem,  V,  1891,  p.  549,  pi.  11,  figs.  8,  9;— Oeol.  Ohio,  VII,  1895,  p.  443,  pi.  7, 

fig8.  8,  9. 
Chonoatrophia  reversa  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  311, 

pi.  15B,  figs.  15-19;— Thirteenth  Ann.  Rep.  New  York  State  Geologist,  1895, 

p.  176,  pi.  4,  fig.  5. 
Zoc.  ColnmbuB    and    Delaware,   Ohio;  Union   Springs,   New    York;  Cayuga, 

Ontario. 

CHBISnAVIA  Hall  and  Clarke.    Genotype  Leptasna  snbquadrata  Hall. 

Christiania  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  298 ;— Eleventh 
Ann.  Rep.  New  York  State  Geologist,  1894,  p.  290. 

Chiifltiaiiia  subquadrata  Hall.  Lower  Zlelderberg  (Dev.). 

Leptcena  snbquadrata  Hall,  Second  Ann.  Rep.  New  York  State  Geol.,  1883,  pi.  46, 

figs.  32,  33. 
Christiania  snbquadrata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  pp.  296, 

351,  pi.  15,  figs.  32,  33;  pi.  15A,  fig.  36;  pi.  20,  figs.  18-20. 
Loc.  Perry  and  Blount  counties,  Tennessee. 

CISTELLA  Gray.  Genotype  Terebratula  cnneata  Bisso. 

Cistella  Gray,  Brit.  Mus.  Cat.  Brack.,  p.  114. 

Gistella  heecheri  Clark.  Upper  Cretaceoas. 

Cistella  beecheri  Clark,  Johns  Hopkins  Univ.  Circ,  XV,  121,  1896,  p.  3. 
Ia>o,  Vincentown,  New  Jersey. 

Cistella  plicatUis  Clark.  Upper  Cretaceous. 

Cistella  plicatills  Clark,  Johns  Hopkins  Univ.  Circ,  XV,  121,  1896,  p.  3. 
Loc.  Vincentown,  New  Jersey. 

CLEIOTHTBIS  King. 
Grenotype  Atrypa  pectinifera  J.  de  C.   Sowerby=Spirifer  roissyi 
I/fiveill6= Athyris  roissyi  of  authors. 
Cleiothyris  King  (non  Phillips),  Mon.  Permian  Fossils,  Pal.  Soc,  1850,  p.  137. — 
Hall  and  Clarke,  Pal.  New  York,  VIII.  Pt.  II,  1893,  p.  90 ;— Thirteenth  Ann. 
Rep,  New  York  State  Geologist,  1895,  p.  779. 

Cleioth3r7is  olintonensiB  (Swallow).  Kaskaskia  (L.  Carb.). 

Spirigera  clintonensis  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  II,  1863,  p.  89. 
Loc,  Chester,  Illinois;  St.  Genevieve  and  Cooper  counties,  Missouri. 
Obs,  Compare  with  C.  roissyi.    Regarded  by  Keyes  as  a  synonym  for  Seminula 
snbquadrata.    However,  this  species  does  not  appear  to  be  a  Seminula. 

Cleiothsrris  orasdoardinalis  (White).  Kinderhook  (L.  Carb.). 

Athyris  crassicardinalis  White,  Jour.  Boston  Soc.  Nat.  Hist.,  VII,  1860,  p.  229. 
Loc.  Burlington,  Iowa. 

deiothyriB  hirrota  Hall.  St.  Louis  and  Kaskaskia  (L.  Carb.). 

Spirigera  (Athyris)  hirsuta  Hall,  Trans.  Albany  Institute,  IV^,  1858,  p.  8. 
Athyris  hirsuta  Whitfield,  Bull.  American  Mus.  Nat.  Hist.,  I,  1882,  p.  49,  pi.  6, 
figs.  18-21.— Hall,  Twelfth  Rep.  State  Geol.  Indiana,  1883,  p.  328,  pi.  29,  figs. 
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deiothyiis  hinata  Hall — Ooutinued. 

Cliothyris  hirsuta  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi.  46, 

iigs.  25-28. 
Loc,  Spergen  Hill,  Indiana;  Alton  and  Chester,  Illinois;  Princeton,  Kentucky; 

Montana. 

Cleiothyiis  miBSOnrieniis  (Swallow).  Upper  Carboniferous. 

Spirigera  missouriensis  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  1, 1860,  p.  650. 
Loc.  Montgomery  and  Chariton  counties,  Missouri. 

Clei&thyris  obmaziina  (McOhesney).  Keokuk  (L.  Oarb.). 

Athyris  obmaxima  McChesney,  Descriptions  New  Pal.  Foss.,  1861,  p.  80. 
fSpirigera  obmaxima  White,  Wheeler's  Expl.  Survey  west  100  Merid.,  IV,  1875, 

p.  92,  pi.  5,  fig.  12. 
Loc,  Nauvoo  and  Warsaw,  Illinois;  Keokuk,  Iowa;  Mountain  Spring,  Nevada; 

Ophir  City,  Utah. 
Oh$,  The  specimen  figured  by  Wbite  may  be  Athyris  incrassata  Hall. 

deiotiLyris  obvia  (McOhesuey).  Kaskaskla  (L.  Garb). 

Athyris  obvia  McChesney,  Descriptions  New  Pal.  Foss.,  1861,  p.  81. 
Loc.  Kaskaskia,  Illinois. 
05«.  Probably  a  synonym  for  C.  roissyi. 

Cleiothyris  orbioulariB  (McChesney).  Upper  Carboniferous. 

Athyris  orbicularis  McChesney,  Descriptions  New  Pal.  Foss.,  1860,  p.  47. 
Loo.  "Extensively  distributed  in  the  Western  States.'' 

Oh8.  Specimens  of  this  species  in  the  United  States  National  Museum  donated 
by  Professor  Worthen  show  It  to  be  a  Clelothyris. 

Cleiothyiis  reflexa  (Swallow).  Warsaw  (L.  Carb.). 

Spirigera  reflexa  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  II,  1863,  p.  88. 

Loe.  Barretts  Station,  St.  Louis  County,  Missouri. 

Ohs.  Should  be  compared  with  C.  roissyi.    Regarded  by  Keyes  as  a  synonym  for 

Seminula  trinuclea.    Swallow's  species,  however,  does  not  appear  to  be  a 

Seminula. 

Cleiothyiis  roissyi  (L']Sveill6).  Keokuk-Kaskaskia  (L.  Carb.). 

Spirifer  de  roissyi  L'£veill^,  M6moires  Soc.  G^ol.  de  France,  II,  1835,  p.  39,  pi.  2, 

figs.  18-20. 
Terebratula  royssii  Marcou,  Geol.  North  America,  1858,  p.  51,  pi.  6,  fig.  10. 
Athyris  sublamellosa  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  702,  pi.  27, 

fig.  1.— Derby,  BuU.  Cornell  Univ.,  I,  1874,  p.  10,  pi.  2,  figs.  ^12;  pi.  3,  figs. 

15-21,  29;  pi.  6,  fig.  16;  pL  9,  tigs.  5,  6. 
Athyris  parvirostris  Meek  and  Worthen,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1860, 

p.  451. 
Spirigera  americana  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  II,  1863,  p.  89. 
Spirigera  pectinifera  Swallow  (non  Sowerby),  Ibidem,  1863,  p.  88. 
Athyris  planosulcata  Geinitz  (non  Phillips),  Carbon  u.  Dyas  in  Nebraska,  1866, 

p.  42.— Meek  and  Worthen,  Geol.  Survey  Illinois,  II,  1866,  p.  254,  pi.  18; 

fig.  8. 
Spirigera  planosulcata?  White,  Wheeler's  Rep.  Geogr.  Geol.  Expl.  Survey  west 

100  Merid.,  IV,  1875,  p.  143,  pi.  10,  fig.  5. 
Athyris  planosulcata?  Hall  aud  Whitfield,  King's  U.  S.  Geol.  Expl.  40th  Pari., 

IV,  1877,  p.  257,  pi.  4,  figs.  10,  11. 
?Atbyris  roissyi  Meek,  Ibidem,  1877,  p.  82,  pi.  9,  fig.  3. 

Athyris  hirsuta  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  222,  pi.  18,  fig.  5. 
Cliothyris  roysii  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  91,  pi. 

46,  figs.  23,  24;  pi.  84,  fig.  32. 
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Cleiothyrifl  roissyi  (L'fiveille) — Continaed. 

CliothyriH  sablaDiellosa  Hall  and  Clarke,  Ibidem,  1893,  p.  91. 

Loc.  Europe;  Mississippi  Valley;  White  Piue  and  Eureka  districts,  Nevada; 
Salt  Lake  City,  etc.,  Utah;  Lake  Valley  mining  district,  etc.,  New  Mexico; 
Lake  County,  Colorado;  Guatemala;  Bomjardin  and  Itaituba,  Brazil. 

Obs.  American  specimens  usually  referred  to  this  species  are  constantly  smaller 
and  are  often  without  sinus  or  fold.  If  these  differences  are  regarded  as  of 
sufficient  importance  to  distinguish  American  specimens  from  typical  C. 
roissyi  then  this  species  will  be  known  as  C.  sublamellosa  Hall.  Of  Spiri- 
gera  americana  Swallow,  authentic  specimens  have  been  seen  by  the  writer 
in  Professor  Hall's  collection.  These  are  identical  with  Athyris  subla- 
mellosa. 

Meek's  Athyris  roissyi  (1877)  will  probably  prove  to  be  a  new  species  of 
Seminula. 

See  C.  clintonensis,  C.  refleza  Swallow,  and  C.  obvia  MoChesney. 

GleiothyriB  squamosa  (Wortheu).  St.  Louis  (L.  Garb.). 

Athyris  squamosa  Worthen,  Bull.  Illinois  State  Mns.  Nat.  Hint.,  2,  1884,  p.24;— 

Geol.  Survey  Illinois,  VIII,  1890,  p.  103,  pi.  11,  fig.  2. 
Lac.  Monroe  County,  Illinois. 

GLDTrOHELLA  Hall  and  Clarke. 

Genotype  G.  vagabunda  Hall  and  Clarke. 
Clintonella  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  159;— Thir- 
teenth  Ann.  Rep.  New  York  State  Geologist,  1895,  p.  814. 

dintonella  Tagabunda  Hall  and  Clarke.  Clinton  (Sil.). 

Clintonella  vagabunda  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  160, 

pi.  52,  figs.  1-11. 
Lac.  tOrleans  County,  New^York, 

dlTAlCBOHITES  Pander.  Genotype  Pronites  adscendens  Pander. 

Klitambonites  Pander,  Beitrage  znr  Geognosie  des  Russischen  Reiches,  1830, 
p.  70,  pi.  3,  fig.  14;  pi.  28,  figs.  16,  17. 

Clitambonites  CEhlert,  Fischer's  Manuel  de  Conchy liologie,  1887,  p.  1289,  fig. 
1059.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  233.— Winchell 
and  Schuchert,  Minnesota  Geol.  Survey,  III,  1893,  p.  377.— Hall  and  Clarke, 
Eleventh  Ann.  Rep.  New  York  State  Geologist,  18&1,  p.  274. 

Clitambonites  adscendens  ( ?  Pander).  Ordovician. 

Orthisina  adscendens  (Pander)  Kayser,  Paleontographica,  Suppl.,  Ill,  1876,  p.  20, 

pi.  2,  figs.  9-11. 
Lae.  Europe;  Juan  Pobre  aud  Laja,  Cordillere  S^n  Juan,  Argentine  Republic. 
Ohs.  This  identification  is  probably  erroneous. 

ClitamlKmites(l)  borealis  (Castelnau). 

^^Magnesian  limestone"  =?  Galena  (Or.d.)« 
Terobratula  borealis  Castelnau,  Essai  Syst.  Sil.  TAm^rique  Septentrionale,  1843, 

p.  40,  pi.  14,  fig.  14. 
Terebratula  turpis  de  Vemeuil,  Ibidem,  1843,  p.  40,  footnote. 
Loc.  "Magnesian  limestone  of  Green  Bay,  Wisconsin." 

Ohs.  The  figure  is  not  satisfactory.  The  species  seems  to  be  related  to  C.  di versus 
Shaler. 

Clitambonites  diversus  (Shalel*).  Trenton-Lorraine  (Ord.). 

Orthisina  diversa  Shaler,  Bull.  Mus.  Comp.  Zool.,  4,  1865,  p.  67. 
Orthisina  veneuili  Billings  (non  Eichwald),  Catalogue  Sil.  Foss.  Anticosti,  1866, 

pp.  43,  74. 
Uemipronites  americanns  Whitfield,  Ann.  Hep.  Geol.  Survey  Wisconsin,  1877, 
p.  72;— Geol.  Wisconsin,  IV,  1882,  p.  243.  pi.  10,  figs.  15-17.    ^  j 
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Clitambonites  diversiu  (Shaler) — Coiitiiiiied. 

Streptorhj'nehaH  americanus  Miller,  N.  AiniTicaii  (Jeol.  Tal.,  1889,-^.  378. 
Clitambonites  americanus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892, 

p.  239,  pi.  15A,  figs.  1-8. 
ClitaiuboDites  diveraa  Wincbell  and  Schuohert,  Minnoaota  Geol.  Surrey,  III, 

1893,  p.  378,  pi.  30,  figa.  11-17.— Whiteaves,  Pal.  Fos.,  Ill,  Pt.  Ill,  1897,  p.  1G6. 
Loc.  Auticosti;  Cannon  Falls,  Kenyon,  etc.,  Minnesota;  Oshkosh,  Wisconsin; 

Ottawa  and  Lake  Winnipeg,  Canada. 
Obs,  See  C.  borealis. 

Clitambonites  diyennB  altissimns  Winchell  and  Scbachert.  Trenton  (Ord.). 
Clitambonites  ameriranus  var.  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1882, 

pi.  15A,  tigs.  7,  8. 
Clitambonites  di versa  var.  altissima  Winchell  and  Schuchert,  Minnesota  Geol. 

Survey,  III,  1893,  p.  381,  pi.  30,  ligs.  18,  19. 
Loc.  Near  Cannon  Falls,  Minnesota. 

Clitambonites  (?)  johannensis  Mattbew.  Upper  Cambrian. 

Orthisina  johannensis  Matthew,  Trans.  Royal  Soc.  Canada,  IX,  1892,  p.  49,  pi.  12, 

figs.  13a-13c. 
Loc.  Near  St.  John,  New  Brunswick. 

Clitambonites  planus  retroflexns  (de  Yemeni]).  Lower  Ordovieiaii. 

Gonambonites  plana  var.  retrofioxa  de  Vernenil,  Beitrage  zur  Geoguosie  dee 

Kussischen  Reicbes,  1830,  p.  77,  pi.  25,  figs.  1,  2. 
Clitambonites  (Gonambonites)  plana  var.  retrollexa  Matthew,  Trans.  Roy.  Sor. 

Canada,  2d  ser.,  I,  1896,  p.  266,  ]A.  2,  figs,  la-lc. 
Ia}c.  Mo.  Feei,  Cape  Breton,  Nova  Scotia. 

CLOEIBDA  Barraiide.  Genotype  C.  armata  Barrande. 

Clorinda  Barrande,  Syst(*me  Silurien  Bohenie,  \^  1879. 

BarrandeUa  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  241,  243;— 
Thirteenth  Ann.  Rep.  New  York  State  Geologist,  1895,  p.  844. 

Clorinda  arcnosa  (McGbesuey).  Niagara  (Sil.^. 

Pentamerus  arcuosus  McChesney,  Descriptions  New  Pal.  Foss.;  1861.  p.  87. 
Loo.  Milwaukee,  Wisconsin. 

Clorinda  areyi  (Hall  and  Clarke).  Clinton  (Sil.). 

BarrandeUa  areyi  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pp.  242, 

368,  pi.  71,  figs.  14-16. 
Loc.  Rochester,  New  York. 

Clorinda  barrandei  (Billings).  Anticosti  (Sil.). 

Pontamerus  barrandi  Billings,  Geol.  Survey  Canada;  Rep.  Progress  for  1856, 

1857,  p.  296;— Geol.  Canada,  1863,  p.  316,  fig.  327. 
BarrandeUa  barrandii  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  243, 

fig.  174;  pi.  71,  figs.  17-20. 
Loc.  Anticosti. 

Clorinda  fomicata  (Hall).  Clinton  and  Niagara  (Sil.). 

Pentamerus  fomicatus  Hall,  Pal.  New  York,  II,  1852,  p.  81,  pi.  24,  fig.  7. 
Pentamerus  fornicatus  var.  Hall,  Descrip.  n.  sp.  Fossils,  Waldron,  Indiana,  1879, 

p.  16;— Eleventh  Rep.  State  Geol.  Indiana,  1882,  p.  299,  pi.  27,  fig.  15;— 

Trans.  Albany  Institute,  X,  1883,  p.  72. 
BarrandeUa  fornicata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p. 243, 

pi.  70,  figs.  11-13. 
Loc.  Lockport,  New  York;  Waldron,  Indiana;  Wisconsin. 
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Cloriiida  ventriocMa  (Hull).  Niagara  (Sil.). 

Pentamems  ventricoBa  Hall,  Geo!.  Survey  WiBcoiisiii ;  Rep.  Progress,  1860,  p.  2. — 

\^Tiitfield,  Geol.  Wisconsin,  IV,  1882,  p.  291,  pi.  17,  tigs.  11-13. —Nettelroth, 

Kentncky  Fossil  Shells,  Mem.  Kentucky  Survey,  1889,  p.  64,  pi.  33,  figs.  12-14. 
Pentamerus  cbicagoensis  Wlnchell  and  Marcy,  Mem.  Boston  Soc.  Kat.  Hist.,  I, 

1865,  p.  94,  pi.  2,  fig.  11.— Hall,  Twentieth  Rep.  New  York  State  Cab.  Nat.' 

Hist.,  1868,  P.-392. 
Pentamerus  (Pentamerellaf)  yentricosa  Hall,  Twentieth  Rep.  New  York  State 

Cab.  Nat.  Hist.,  1868,  p.  374,  pi.  13,  figs.  18-21. 
Pentamerus  (Pentamerella)  ventricosns  Hall  and  Whitfield,  I^al.  Ohio,  II,  1875, 

p.  138,  pi.  7,  figs.  7,  8. 
Barrandella  yentricosa  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p. 

343,  pi.  71,  figs.  4-10;  pi.  84,  fig.  46. 
lAte,  Waukesha,  Wisconsin ;  Bridgeport,  Illinois;  Louisyille,  Kentucky;  Ohio. 

Gcelospira  Hall=Auoplotbeca. 

Goelospira  concava  Hall  1867  (not  1863)=Anoplotheea  Camilla. 

Gcelpspira  disparilis  Hall=Atrypiua  disparilis. 

COVCHIDIUM  Linu^.  Genotype  G.  biloculare  Liiin6. 

Conchidium  Linn^,  Museum  Tessinianum,  1753,  p.  90;— Sy stoma  Naturae,  ed.  xi,  II, 

1760,  p.  163.— <Ehlert,  Fischer's  Manuel  de  Conchyliologie,  1887,  p.  1311.— Hall 

and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  231;— Thirteenth  Ann.  Rep. 

New  York  State  Geologist,  1895,  p.  842. 
Hebnintholitus  Linn^,  Systema  Natnrie,  ed.  xii,  IV,  1766,  p.  163. 
Pentamerus  Sowerby  (non  Pentamera  Dumeril,  1806),  Mineral  Conchology,  I, 

1813,  p.  73. 
Gypidia  Dalman,  Kongl.  Svenska  Vet.-Akad.  Handl.,  for  1827, 1828,  pp.  93, 100. 
Pentamerus  Billings,  Canadian  Jour.,  VI,  1861,  p.  269.— Hall,  Twentieth  Rep. 

New  York  State  Cab.  Nat.  Hist.,  1867,  p.  163;— Pal.  New  York,  IV,  1867,  pp. 

369,  373.— Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Suryey, 

1889,  p.  52. 
Antirhynchonella  Quenstedt,  Petref.  Deutschlands,  Brach.,  1871,  p.  231. 
Zdimir  Barrande,  Systems  Silurien  Boh^me,  VI,  1881,  p.  171. 

Conehidium  biloenlare  Linn^.  Silurian. 

Conchidium  biloculare  Llnn6,  Systema  Naturie,  ed.  xi,  II,  1760,  p.  163. — Hall 

and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  233,  pi.  6,  figs.  11-14. 
Pentamerus  conchidium  Emmerson,  Geol.  Frobischer  Bay ;  Nourses  Narr.  Hall's 

Arctic  Exped.,  1879,  p.  578. 
Xoc.  Europe ;  Rescue  Harbor,  Arctic  America. 

Conchidiam  oolletti  (Miller).  Waterlime  (Sil.). 

Petamerus  colletti  Miller,  Seyenteenth  Rep.  State  Geol.  Indiana,  1891,  p.  77,  pi. 

13,  figs.  5,  6. 
Conchidium  colletti  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  235, 

pi.  66,  figs.  16,  17. 
Lac,  Kokomo,  Indiana. 
Oh$,  Compare  with  C.  laqueatum  Conrad. 

Conchidium  craanplioa  Hall  and  Clarke.  Niagara  (Sil.). 

Conchidium  crassiplica  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pp. 

235,  369,  pi.  66,  figs.  24,  25. 
Loc.  fNear  Louisville,  Kentucky. 

Concliidiiiiii  crassiTadiataiii  (McCbesney).  Niagara  (Sil.). 

Pentamerus  crassoradius  McChesney,  Descriptions  New  Pal.  Foss.,  1861,  p.  87. 
Loe.  Milwaukee,  Wisconsin. 
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Gonohidium  decxusatam  ( Whiteaves).  Silmisiii. 

Pentamenis  decnssatns  Whiteaves,  Canadian  Record  of  Science,  1891,  p.  296,  pi 

3,  figs.  3,  4.— Calvin,  Boll.  Lab.  Nat.  Hist.  State  Univ.  Iowa,  XT,  1892.  p. 

164,  pi.  11,  figs.  1-3;  pi.  12,  fig.  2. 
Conchidiom  decussatum  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p. 

285,  pi.  65,  figs.  1,  2;  pi.  66,  fig.  15. 
Loc,  Grand  Rapids  of  the  Saskatchewan,  etc.,  Canada.     * 

Gonchidium  ezponenm  Hall  aud  Clarke.  Niagara  (Sil... 

Conchidium  exponeus  Hall  and  Clarke,  Pal.  New  York,  YIII,  Pt.  II,  1895,  pi.  66. 

figs.  6-9.  ■ 
Loc.  Loaisville,  Kentucky. 

Gonohidinm  georgisD  Hall  and  Clarke.  Clinton  (Sil.). 

Conchidiom  georgi»  Hall  and  Clarke,  Pal.  New  York,  Vni,  Pt.  II,  1895,  p.  369. 

pi.  66,  figs.  18,  19. 
Xoc.  Trenton,  Georgia. 

Gonchidium  greenei  Hall  and  Clarke.  Niagara  (SIL). 

Conchidium  greenii  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pp.  235, 

368,  pi.  66,  figs.  20-22. 
Loc.  Near  Milwaukee,  Wisconsin. 

Gonohidinm  knappi  (Hall  and  Whitfield).  Niagara  (SIL). 

Peutamerus  knappi  Hall  and  Whitfield,  Twenty-fourth  Rep.  New  York  State 

Cab.  Nat.  Hist.,  1872,  p.  184.— Nettelroth,  Kentucky  Fossil  Shells,  Mem. 

Kentucky  Geol.  Survey,  1889,  p.  55,  pi.  28,  figs.  1-4. 
Pentamerusf  knappi  Hall  and  Whitfield,  Twenty-seventh  Rep.  New  York  State 

Cab.  Nat.  Hist.,  1875,  pi.  10,  figs.  10-12. 
Conchidium  knappi  Hall  and  Clarke,  Pal.  New  York,  YIII,  Pt.  II,  1893,  p.  235, 

pi.  64,  figs.  11-13. 
Loc,  Louisville,  Kentucky 

ConchidiunL  knighti  (Nettelroth).  fCorniferoas  (Dey.). 

Pentamerus  knighti  Nettelroth  (non  Sowerby),  Kentucky  Fossil  Shells,  Mem. 

Kentucky  Geol.  Survey,  1889,  p.  57,  pi.  29.  figs.  1,  2,  17. 
Conchidium  nettelrothi  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893, 

p.  234,  pi.  64,  tigs.  14-16. 
Loo,  Louisville,  Kentucky. 
Oha,  This  species  is  very  much  like  C.  nysins  and  may  be  identical  with  it  (Ami 

says  that  C.  knighti  occurs  iu  the  Upper  Silurian  at  Arisaig,  Nova  Sootia). 

Condudinm  laqueatnm  (Conrad).  Niagara  (Sil.). 

Pentamerus  laqueatns  Conrad,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  YU,  1855, 

p.  441. 
Pentamerus  nobilis  Emmons,  Manual  of  Geol.,  1860,  p.  107,  figure. 
Conchidium  laqueatns  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  232, 

fig.  168;  p.  234,  pi.  65,  figs.  a-9. 
Loc,  Delphi,  Indiana. 

Gonohidinm  littoni  Hall.  Niagara  (SiL). 

Pentamerus  littoni  Hall,  Pal.  New  York,  III,  1869,  p.  262.— HaU  and  Wliitfield, 
Twenty-fourth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1872,  p.  186;— Twenty- 
seventh  Rep.  Ibidem,  1875,  pi.  10,  figs.  8,  9.— Nettelroth,  Kentucky  Fossil 
Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  58,  pi.  27,  figs.  12,  13. 

Conchidium  littoni  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi.  64, 
figs.  9,  10. 

Loe,  Hardin  County,  Tennessee;  Louisville,  Kentucky, 
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Gonchidiuin  mnltioostatiun  Hall.  Niagara  (SU.). 

Pentamems  moltioostaiuB  Hall,  Geol.  Survey  WisconBin ;  Rep.  Progrese,  1860, 

p.  1;— Twentieth  Rep.  New  York  State  Cab.  Nat.  Hist.;  1867,  p.  373,  pi.  13, 

figs.  22-24. 
Conchidium  multicoetatam  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895, 

pi.  64,  fig.  6;  pi.  66,  fig.  10. 
Loe.  Wanwatosa  and  Wankesha,  Wisconsin. 

Couchidiam  nettelrothi  Hall  and  C]arke=C.  knigbti. 

Conehidinm  nymnB  (Hall  and  Whitfield).  Niagara  (SIL). 

Pentamems  nysius  yar.  crassicosta  Hall  and  Whitfield,  Twenty-fourth  Rep.  New 

York  State  Cab.  Nat.  Hist.,  1872,  p.  184 ;— Twenty-seventh   Rep.  Ibidem, 

1875,  pi.  10,  figs,  4-7.— Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky 

Geol.  Survey,  1889,  p.  60,  pT.  28,  figs.  5-8. 
Pentamems  nysius  var.  tenuicostatns  Nettelroth,  Ibidem,  1889,  p.  60. 
Conchidium  nysius  Hall  and  Clarke,  Pal.  New  York,  VUI,  Pt.  II,  1893,  p.  235, 

pi.  64,  figs.  1,  8,  27. 
Loc,  Louisville,  Kentucky. 
Ohs,  See  C.  tenuicostatum. 

Conehidinm  obsoletnm  Hall  and  Clarke.  Niagara  (Sil.). 

Conchidium  obsoletum  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi. 

67,  figs.  8,  9. 
Loc,  Genoa,  Ottawa  County,  Ohio. 

Conehidinm  oeddentale  Hall.  Gaelph  (Sil.). 

Pentamems  occidentalis  Hall,  Pal.  New  York,  II,  1852,  p.  341,  pi.  79,  figs.  1, 2.— 

Billings,  Geol.  Canada,  1863,  p.  337,  fig.  341.— Nicholson,  Pal.  Prov.  Ontario, 

1875,  p.  67,  fig.  35.— Whitfield,  Geol.  Wisconsin,  IV,  1882,  p.  314,  pi.  17,  fig.  10; 

pi.  23,  figs.  1, 2.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  239. 
Conchidium(  f )  occidentalis  Hall  and  Clarke,  Ibidem,  1895,  pi.  67,  figs.  1^. 
Loe.  Gault  and  Gnelph,  Ontario ;  Point  St.  Vital,  Lake  Huron ;  Williamstown, 

Wisconsin. 

Conehidinm(?)  saliaenBe  (Swallow).  <^Base  of  Chemnng"  (Dev.). 

Pentamems  salinensis  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  I,  1860,  p.  652. — 

Keyes,  Geol.  Survey  Missouri,  *V,  1895,  p.  104. 
Loc,  Moniteau  County,  Missouri. 
Oh8.  The  geological  horizon  is  probably  Comiferous  or  Hamilton. 

Conehidinm  seoparinm  Hall  and  Clarke.  Guelph  (Sil.). 

Conchidium  scoparium  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi. 

67,  figs.  6,  7. 
Loc.  Durham^  Ontario. 

Conehidinm  tennicostatum  (Hall  and  Whitfield).  Niagara  (Sil.). 

Pentamems  nysius  var.  tenuicosta  Hall  and  Whitfield,  Twenty-fourth  Rep.  New 
York  State  Cab.  Nat.  Hist.,  1872,  p.  184;— Twenty-seventh  Rep.  Ibidem, 
1875,  pi.  10,  figs.  1-3. 

Pentamems  complanatus  Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky 
Geol.  Survey,  1889,  p.  53,  pi.  27,  figs.  14-16. 

Conchidium  tenuicostatus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893, 
p.  235,  pi.  64,  figs.  3-5. 

Loc.  Louisville,  Kentucky. 

Ohs.  P.  nysius  is  described  as  consisting  of  two  varieties.  If  these  varieties  are 
species,  as  pointed  out  by  Nettelroth,  then  P.  nysius  will  be  based  upon  and 
supplant  variety  crassicosta,  while  variety  tenuicosta  must  be  elevated  to 
specific  rank.  P.  complanatus  Nettelroth,  therefore,  becomes  a  synonym  for 
C.  tenuicostatum,  as  both  are  established  upon  the  same  specimens. 
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Conohidiiim  nngmforme  (Ulricb).  Kiagara  (Sil.). 

Gypidia  unguiformiH  Ulrich,  Contrib.  American  Pal.,  1H86,  p.  28,  pi.  3,  fig.  2. 
Gypidiila  ungaiformis  Miller,  N.  American  Geol.  Pal.,  1889,  p.  346. 
Conchidiam  unguiformis  llall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p. 

235,  pi.  66,  iigB.  1^. 
Loc,  Louisville,  Kentucky. 

COHOTRETA  Walcott.  Genotype  O.  rusti  Walcott 

Conotreta  Walcott,  Proc.  XT.  S.  Nat.  Mua.,  XII,  1890,  p.  365  (extract  1889).— 
Hall  and  Clarke.  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  104,  167 ;— Eleventh 
Ann.  Kep.  New  York  State  (leologist,  1894,  p.  250. 

Conotreta  roBti  Walcott  Trenton  (Ord.). 

Conotreta  rusti  Walcott,  Proc.  U.  S.  Nat.  Mns.,  XII,  1890,  p.  365,  figs.  1-4  (extrai^t 
1889).— Hall  and  Clarke,  Pal.  New  York.  VIII,  Pt.  I,  1892,  p.  104,  pi.  4K, 
figs.  16-21. 

Loc.  I'renton  Falls,  New  York ;  Covington,  Kentncky. 

Gonradia  Hall  and  Clarke  (non  Adams)=Dinobolus. 

CBASMSA  Hall  and  Clarke.       Genotype  Terebratula  romingeri  HalL 

Cransena  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  297 ;— Thirteenth 
Ann.  Rep.  New  York  State  Geologist,  1895,  p.  865. 

CranflBna  iowensis  (Calvin).  Middle  Devonian. 

Terebratula  (Cryptonella)  iowensis  Calvin,  Bull.  Lab.  Nat.  Hist.  Univ.  Iowa, 

I,  1890,  p.  174,  pi  3,  fig.  4. 
Crantena  iowensis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  297,  pi. 

80,  figs.  36^9;  pi.  83,  fig.  40. 
Loc.  Fayette,  Iowa;  Fulton,  Missouri. 

CranflBna  romingeri  Hall.  Hamilton  (Dev.). 

Terebratula  romingeri  Hall,  Sixteenth  Kep.  New  York  State  Cab.  Nat.  Hist., 

1863,  p.  48,  figs.  22,  23;— Pal.  New  York,  IV,  1867,  p.  389,  pi.  60,  figs.  17-25. 

66,  67. — Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Surrey, 

1889,  p.  155,  pi.  16,  figs.  20-22. 
Cranniua  romingeri  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  297, 

fig.  215;  pi.  80,  figs.  13-19. 
Loc.  Thunder  Bay,  Michigan;  Waterloo,  Iowa;  York  and  Hamburg,  New  York; 

Clarke  County,  Indiana. 

CRAHIA  Iletzius.  Genotype  Anomia  craniolaris  Linn^. 

Crania  Retzius,  Schrift.  Ges.  Naturf.  Freunde,  Berlin,  II,  1781,  p.  72.— Dall,  Bull. 
Mus.  Comp.  Zool.,  Ill,  1871,  p.  27;— Bull.  U.  S.  Nat.  Mus.,  8,  1877,  p.  21.— 
Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p. 
31.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  pp.  146, 169.— WincheU 
and  Schuchert,  Minnesota  Geol.  Survey,  III,  1893,  p.  372.— Hall  and  Clarke, 
Eleventh  Ann.  Rep.  New  York  State  Geologist,  1894,  p.  260. 

Crania  acadiensis  Hall.  Arisaig  (Sil.). 

Crania  acadiensis  Hall,  Canadian  Nat.  Geol.,  V,  1860,  p.  144,  fig  1. — ^Dawson, 

Acadian  Geol.,  3d  ed.,  1878,  p.  595,  fig.  198. 
Loo.  East  River,  Nova  Scotia.  ^ 

Crania  agaridna  Hall  and  Clarke.  Lower  Helderberg  (Dev.). 

Crania  agaricina  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  180,  pi. 

4H,  fig.  2. 
Loc,  Albany  County,  New  York ;  Decatur  County,  Tennessee. 

Crania  albersi  Miller  and  Faber.  TJtica  (Ord.). 

Crania  albersi  Miller  and  Faber,  Jour.  Cincinnati  Soc.  Nat.  Hist.,  XVII,  18SM, 

p.  154,  pi.  8,  figs.  17-19. 
Loo,  Cincinnati,  Ohio.  ^  j 
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Crania  altemata  James=G.  scabfosa. 

Crania  anna  Spencer.  Niagara  (Sil.). 

Crania  anna  Spencer,  Ball.  Univ.  Misaonri,  I,  1884,  p.  57; — ^Trans.  St.  Louis 
Acad.  Sci.,  IV,  1886,  p.  607,  pi.  8,  fig.  4. 

Loc.  Hamilton,  Ontario. 

Crania  aspemla  James=C.  scabiosa. 

Crania  anrora  Hall.  Schoharie  Grit  (Dev.). 

Cnnia  aurora  Hall,  Sixteenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1863,  p. 

30;— Pal.  New  York,  IV,  1867,  p.  27,  pi.  3,  fig.  12. 
Loc.  Knox,  Albany  County,  New  York. 

Crania  bella  Billings.  No.  5  Gasp^  Series  (fDev.)* 

Crania  beila  Billiugs,  Pal.  Fossils,  II,  1874,  p.  15,  fig.  5. 
Loe.  Cape  Bon  Ami,  GaBp<^,  Canada. 

Craiiia  blairi  Miller=C.  rowleji. 

Crania  bordeni  Hall  and  Whitfield =C.  sheldoni. 

Crania  carbonaria  Whitfield=C.  modesta. 

Crania  eentndis  Hall.  Portage  (Dev.). 

Crania  centralis  Hall,  Pal.  New  York,  V,  Pt.  II,  1879,  pi.  88,  fig.  2. 
Loc,  Watkins,  New  York. 

Crania  chesterensiB  Miller  and  Gnrley.  Kaskaskia  (L.  Carb.). 

Crania  chesterensis  Miller  and  Garley,*Bnll.  Illinois  State  Mus.  Nat.  Hist.,  12, 

1897,  p.  47,  pi.  3,  figs.  24-26. 
Loc,  Chester,  Illinois. 

Crania(t)  colnmbiana  Walcott.  Middle  Cambrian. 

Crania?  columbiana  Walcott,  Proc.  U.  S.  Nat.  Mus.,  XI,  1888,  p.  441.— Hall  and 

Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  150. 
Loc,  Mount  Stephan,  British  Columbia. 
Oha.  Probably  a  species  of  Acrotreta. 

Crania  costata  James^C.  scabiosa. 

Crania  orenistriata  Hall.  Comiferoas  and  Hamilton  (Dev.). 

Crania  crenistria  Hall,  Thirteenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1860, 
p.  78,  fig.  6,  on  p.  76;— Pal.  New  York,  IV,  1867,  p.  28,  pi.  3,  figs,  ia-16.— Hall 
and  Clarke,  Ibidem,  VIII,  Pt.  1, 1892,  pi.  4H,  figs.  6-12. 

Loc.  Alexander,  etc..  New  York;  Columbus,  Ohio;  Louisville,  Kentucky; 
Alpena,  Michigan. 

Obs.  See  C.  sheldoni  White. 

Crania(?)  deformata  (Hall).  Chazy  (Ord  ). 

Orbiculaf  deformata  Hall,  Pal.  New  York,  I,  1847,  p.  23,  pi.  4  bis,  fig.  10. 
Crania f  deformata  Miller,  N.  American  Geol.  Pal.,  1889,  p.  341.— Hall  and  Clarke, 

Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  150. 
Loc.  Chazy,  New  York. 
Obs.  This  species  is  not  well  established  and  had  hotter  be  dropped  since  the 

type  specimen  does  not  preserve  the  generic  or  specific  characters. 

Crania  dentata  Bingneberg.  Niagara  (Sil.). 

Crania  dentata  Ringueberg,  Bull.  Buffalo  Soc.  Nat.  Sci.,  V,  1886,  p.  16,  pi.  2,  fig.  6. 
Loc,  Lockport,  New  York. 

ICrania  dnbia  Foerste.  Clinton  (Sil). 

f  Crania  dubia  Foerste,  Geol.  Ohio,  VII,  1895,  p.  565,  pi.  37,  fig.  17. 
Loc.  Dayton,  Ohio. 
Ob9,  May  not  be  a  brachiopod.  ^  j 
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Crania  dyeri  Miller.  Utica  (Ord.). 

CraDia  dyeri  Miller,  Cincinnati  Qaart.  Jonr.  Sci.,  11, 1875,  p.  13,  fig.  3. 
Ia>o,  Cincinnati,  Ohio. 

Crania  fkmelioa  Hall  and  Whitfield.  Hamilton  (Dev.). 

Crania  famelica  Hall  and  Whitfield,  Descriptions  n.  sp.  Fossils,  1872,  p.  17,  pi. 

II,  figs.  6,  7;— Twenty-third  Rep.  New  York  State  Cab.  Nat.  Hist.,  1873, 
p.  236,  pi.  11,  figs.  6,  7. 

Loc,  Cerro  Gordo,  Iowa ;  Callaway  County,  Missonri. 
Ofr«.  Compare  with  Craniella  hamiltonise  Hall. 

Crania  fietvincola  Hall  and  Clarke.  Middle  Devonian. 

Crania  favincola  HaU  and  Clarke,  Pal.  New  fork,  VIU,  Pt.  1, 1892,  p.  180,  pi.  4H, 

fig.  33. 
Loc.  Crab  Orchard,  Kentucky. 

Crania  gracilis  Bingneberg.  Niagara  (Sil.). 

Crania  gracilis  Ringneberg,  Bnll.  Buffalo  Soc.  Nat.  Sci.  V,  1886,  p.  17,  pi.  2,  ^^.  7. 
Crania  panuosa  Ringneberg,  Ibidem,  1886,  p.  17,  pi.  2,  fig.  8. 
Loc.  Lockport,  New  York. 

Ob9,  Species  of  Crania  are  very  vari  able  in  shape,  and  since  both  forms  are  attached 
to  one  Orthoceras,  it  is  probable  that  bat  a  single  species  is  here  represented. 

Crania  granota  Hall  and  Clarke.  Hamilton  (Dev.). 

Crania  granosa  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  180,  pi.  4H, 

figs.  19,  20. 
Loo,  Centerfield,  New  York. 

Crania  grannlosa  K  H.  Wincbell.  Trenton  (Ord.). 

Crania  granulosa  N.  H.  Winchell,  Eighth  Ann.  Rep.  Geol.  Nat.  Hist.  Survey 

Minnesota,  1880,  p.  63. — ^Winchell  and  Schuchert,  Minnesota  Geol.  Survey, 

III,  1893,  p.  373,  pi.  29,  figs.  34,  35. 
Loc,  Minneapolis,  Minnesota. 

Crania  gregaria  Hall=Craniella  hamiltoniae. 

Crania  greenei  Miller.  Upper  Helderberg  (Dev.). 

Crania  greenii  Miller,  Eighteenth  Ann.  Rep.  Geol.  Survey  Indiana,  1894,  p.  310, 

pi.  9,  fig.  7. 
Loc,  Falls  of  Ohio. 
Obs,  Probably  the  same  as  Craniella  hamiltonise. 

Crania  balli  Sardeson=Craniella  iilricbi. 

Crania  bamiltoniaB  Hall= Craniella  bamiltoniae. 

Crania  IsBlia  Hall.  XJtica  and  Lorraine  (Ord.). 

Crania  laelia  Hall,  Descriptions  n.  sp.  Crinoidea  and  other  Fossils,  1866,  p.  13; — 

Twenty-fourth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1872,  p.  220,  pL  7,  fig. 

16.— Miller,  Cincinnati  Quart.  Jour.  Sci.,  II,  1875,  p.  12.— Hall  and  Whitfield, 

Pal.  Ohio,  II,  1875,  p.  75,  pi.  1,  fig.  16.— Hall  and  Clarke,  Pal.  New  York, 

VIII,  Pt.  I,  1892,  pi.  4H,  fig.  1. 
Loc,  Cincinnati  and  Oxford,  Ohio;  Richmond,  Indiana. 

Crania  laBvie  Keyes.  .  Chouteau  (L.  Carb.). 

Crania  l»Tis  Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  40. 
Loo,  Louisiana,  Missouri. 

Crania  leoni  Hall.  Portage  and  Chemung  (Bev.). 

Crania  leoni  Hall,  Thirteenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1860,  p.  78, 
figs.  7, 8  on  p.  76;-Pal.  New  York.  IV.  1867,  p.  30,  pi.  3,  figs.  27-30,  ( f  25, 26).— 
Hall  and  Clarke,  Ibidem,  VIII,  Pt.  I,  1892,  pi.  4H,  figs.  34,  35. 

Loc,  Leon,  New  York.    Portage  of  Ontario  County,  New  York  (Clarke). 
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Crania  modesta  White  and  St.  John.  Upper  Carboniferous. 

Crania  modesta  Wlute  and  St.  John,  Trans.  Chicago  Acad.  Sci.,  1, 1868,  p.  118.— 

White,  Thirteenth  Rep.  State  Geol.  Indiana,  1884,  p.  121,  pi.  35,  fig.  9;  pi.  36, 

fig.  5. 
Crania  carhonaria  Whitfield,  Annals  New  York  Acad.  Sci.,  U,  1882,  p.  229;— 

Ibidem,  V,  1891,  p.  599,  pi.  15,  figs.  11, 12;— Geol.  Ohio,  VII,  1895,  p.  484,  pi. 

11,  figs.  11, 12. 
£oc.  Fremont  County,  Iowa;  Vermilion  and  Sullivan  conn  ties,  Indiana;  Carbon 

Hill,  Ohio;  Manhattan,  Kansas. 

Crania  mnltipnnctata  Miller=:C.  scabiosa. 
Crania  pannosa  Bingneberg=C.  gracilis. 
Crania  parallela  IJlrich  sC.  scabiosa. 
Crania  x)ercarinata  inrich=C.  scabiosa. 

Crania(?)  permiana  Shnmard.  Upper  Oarboniferons. 

Crania  ]>ermiana  Shnmard,  Trans.  St.  Louis  Acad.  Sci.,  1, 1859,  p.  395. 
Loc,  Guadalupe  Mountains,  New  Mexico. 
Ob9,  Probably  not  a  Crania. 

Crania  pnlehella  Hall  and  Clarkei  Lower  Helderberg  (Dev.). 

Crania  pulchella  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  180,  pi. 

4H,  fig.  3. 
Xoc.  Albany  County,  New  York. 

Crania  radicans  A.  WinchellrsStroplialosia  radicans. 

Crania  repodta  White.  Burlington  (L.  Carb.). 

Crania  reposita  White,  Proc.  Boston  Soc.  Nat.  Hist.,  IX,  1862,  p.  30. 
Loe.  Burlington,  Iowa. 

Crania  reticularis  MiIler=Treiuati8  reticularis. 

Craiiia(t)  reversa  Sardeson.  St.  Peter  (Ord.). 

Crania(f)  reversa  Sardeson,  Bull.  Minnesota  Acad.  Nat.  Sci.,  IV,  1896,  p.  77,  pi. 
3,  figs.  6,  7. 

Xoc.  St.  Paul,  Minnesota. 

Crania  rowleyi  Gurley.  Chouteau  (L.  Carb.). 

Crania  rowleyi  Gnrley,  New  Carb.  Fossils,  1,  1883,  p.  3.— Hall  and  Clarke,  Pal. 

New  York,  VUI,  Pt.  1, 1892,  pi.  4H,  ^g,  13. 
Crania  blairi  Miller,  Eighteenth  Ann.  Rep.  Geol.  Survey  Indiana,  1894,  p.  310, 

pi.  9,  figs.  5,  6. 
Loc.  Pike  County  and  Sedalia,  Missonri. 

Crania  scabiofla  Hall.  XJtica  and  I^orraine  (Ord.). 

Crania  scabiosa  Hall,  Descriptions  n.  sp.  Crinoidea  and  other  Foss.,  1866,  p.  13 ; — 
Twenty-fourth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1872,  p.  220,  pi.  7,  fig. 
15.— Hall  and  Whitfield,  Pal.  Ohio,  II,  1875,  p.  74,  pi.  1,  fig.  17.— Miller,  Cin- 
cinnati Quart.  Jour.  Sci.,  II,  1875,  p.  12.— Hall  and  Clarke,  Pal.  New  York, 
VIII,  Pt.  I,  1892,  p.  148,  pi.  4H,  ^gs.  23-28,  30,  31. 

Crania  mnltipnnctata  Miller,  Cincinnati  Quart.  Jour.  Sci.,  II,  1875,  p.  13,  fig.  4. 

Crania  percarinata  Ulrich,  Jour.  Cincinnati  Soc.  Nat.  Hist.,  1, 1878,  p.  98,  pi.  4, 

H'  12. 
Crania  paraUela  Ulrich,  Ibidem,  1878,  p.  98,  pi.  4,  fig.  13. 
Crania  asperula  James,  The  Paleontologist,  3,  1879,  p.  22. 
Crania  costata  James,  Ibidem,  1879,  p.  22. 
Crania  altemata  James,  Ibidem,  1879,  p.  23. 
Loo,  Cincinnati,  etc.,  Ohio;  Indiana;  Illinois;  Wisconsin. 
06«.  The  shells  of  Crania  are  adapted  to  theobject-e  upon  which  they  are  cemented. 
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Crania  tcabiota  Hall — Gontinned. 

C.  Bcabiosa  has  been  found  growing  on  Rafinesqnina,  Strophomena,  Rhyn- 
chonella,  Plenrotomaria,  and  Monticalipora.  In  nearly  all  cases  this  species 
partakes  more  or  less  of  the  ornamentation  of  its  host.  The  variation  pointed 
oat  by  authors  is  accidental  and  has  no  specific  valae. 

Crania  setifera  Hall.  Niagara  (Sil.). 

Crania  setifera  Hall,  Trans.  Albany  Institute,  IV,  1863,  p.  209  (non  Hall,  1866);— 

Twenty-eighth  Rep.  New  York  State  Mas.  Nat.  Hist.,  Doc.  ed.,  1876,  pi.  21,  figs. 

8-10;— Ibidem,  1879,  p.  148,  pi.  21,  tigs.  8-10 ;— Eleventh  Rep.  State  Geol. 

Indiana,  1882,  p.  283,  pi.  21,  figs.  8-10.— Hall  and  Clarke,  Pal.  New  York, 

VIII,  Pt.  I,  1892,  pi.  4H,  fig.  18. 
Loc.  WaldroD,  Indiana. 

Crania  setigera  Hall.  Trenton  and  Lorraine  (Ord.). 

Crania  setigera  Hall,  Descriptions  n.  sp.  Crinoidea  and  other  Fossils,  1866,  p. 

12;— Twenty-fourth  Rep.  New  York  Stote  Cab.  Nat.  Hist.,  1872,  p.  220,  pi.  7, 

fig.  15.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  4H,  figs. 

14-16.— Winchell  and  Schuchert,  Minnesota  Geol.  Survey,  III,  1893,  p.  372, 

pi.  29,  figs.  32,  33. 
Loo.  Mineral  Point  and  Beloit,  Wisconsin;  Decorah,  Iowa;  Minneapolis,  Cannon 

Falls,  etc.,  Minnesota;  Wilmington,  Illinois. 

Crania  sheldoni  White.  Hamilton  (Dev.). 

Crania  sheldoni  White,  Proc.  Boston  Soc.  Nat.  Hist.,  IX,  1862,  p.  29. 

Crania  bordeni  Hall  and  Whitfield,  Twenty-fourth  Rep.  New  York  State  Cab. 
Nat.  Hist.,  1872,  p.  187;— Twenty-seventh  Rep.  Ibidem,  1875,  pi.  9,  figs.  36, 
37.— Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889, 
p.  32,  pi.  2,  fig.  14.— Hall  and  Clarke,  Pal.  N.ew  York,  VIII,  Pt.  1, 1892,  pi.  4H, 
tigs.  4,  5. 

Loo.  New  Bufifalo  and  Iowa  City,  Iowa;  Falls  of  Ohio. 

Obs.  This  species  may  not  be  distinct  from  C.  crenistria. 

Crania  silnriana  Hall.  Niagara  (Sil.). 

Crania  silnriana  Hall,  Trans.  Albany  Institute,  IV,  1863,  p.  208 ;— Twenty-eighth 
Rep.  New  York  State  Mus.  Nat.  Hist.,  1879,  p.  148,  pi.  21,  figs.  3-7 ;— Eleventh 
Rep.  State  Geol.  Indiana,  1882,  p.  282,  pi.  21,  figs.  3-7.— Beecher  and  Clarke, 
Mem.  New  York  State  Mus.,  I,  1889,  p.  13,  pi.  1,  figs.  1,  2. 

Loc.  Waldron,  Indiana. 

Crania  socialiB  Ulrich.  Utica  (Ord.). 

Crania  socialis  Ulrich,  Jour.  Cincinnati  Soc.  Nat.  Hist.,  I,  1878,  p.  98,  pi.  4,  fig. 

14.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  4H,  fig.  29. 
Loc.  Cincinnati,  Ohio. 

Crania  spinigera  Hall.  Niagara  (Sil.). 

Crania  spinigera  Hall,  Descriptions  u.  sp.  Foss.  Waldron,  Indiana,  1879,  p.  13; — 

•  Eleventh  Rep.  State  Geol.  Indiana,  1882,  p.  283,  pi.  27,  fig.  1 ;— Trans.  Albany 

Institute,  X,  1883,  p.  69.- Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1898, 

pi.  4H,  fig.  17. 

Loo.  Waldron,  Indiana. 

Crania  trentonensis  Hall.  Trenton  (Ord.). 

Crania  trentonensis  Hall,  Descriptions  n.  sp.  Crinoidea  and  other  Fossils,  1866, 
p.  12;— Twenty-fourth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1872,  p.  219, 
pi.  7,  figs.  11,  12.— Hall^nd  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pl.4H, 
figs.  21,  22.— Winchell  and  Schuchert,  Minnesota  Geol.  Survey,  III,  1893,  p. 
374,  pi.  29,  figs.  36,  37. 
Loo.  Middleville,  New  York;  Cannon  Falls,  Minnesota;  Janesville,  Wisconsin; 
Dixon,  Illinois. 
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CBAVIELLA  CEhlert.  Genot7i)e  G.  meduanensis  (Eblert. 

Craniella  CEhlert,  Ball.  Soc.  :gtnde8  Scientif.  d'Angera,  1888,  p.  37.-~Hall  and 
Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  pp.  153,  ITO.—WinchellandSchuchert, 
MiDDesota  Geol.  Siirvey,  III,  1893,  p.  374.— Hall  and  Clarke,  Eleventh  Ann. 
Rep.  New  York  State  Geologist,  1894,  p.  262. 

CraiiieDA(?)  olintoneiiBU  Foerste.  Clinton  (Sil.). 

Craniellaf  clintonensia  Foerste,  Geol.  Ohio,  YII,  1895,  p.  565,  pi.  37,  figs.  3a,  3b. 
Lac  Todds  Fork,  Ohio. 

Craniella  hamiltoBiflB  Hall.  Hamilton  (Dev.). 

Crania  hamiltonisB  Hall,  Thirteenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  i860, 

p.  77,  figs.  4,  5,  on  p.  76;— Pal.  New  York,  IV,  1867,  p.  27,  pi.  3,  figs.  17-23.— 

Whiteaves,  Cont.  Canadian  Pal.,  1, 1891,  p.  214. 
f  Crania  hamiltonisBf  Herrlck,  Bnll.  Denison  Univ.,  Ill,  1888,  p.  31,  pi.  12,  fig.  10. 
Crania  gregaria  Hall,  Sixteenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1863,  p. 

31;— Pal.  New  York,  IV,  1867,  p.  29,  pi.  3,  fig.  24. 
CranieUa  hamiltonise  Hall  and  Clarke,  Pal.  New  York,  VIII.  Pt.  1, 1892,  pp.  148, 

153.  pi.  41,  figs.  3-16. 
Loc,  Casenovia,  Hamilton,  etc..  New  York;  Hay  and  Athabasca  rivers,  Canada. 

(Waverly  group,  Kooto  Run,  Licking  County,  Ohio,  according  to  Herrick.) 
Ohs,  See  Crania  greenei  Miller. 

Cxa]iiella(?)  ulrichi  Hall  and  Clarke.  Trenton  (Ord.). 

Craniella  ulrichi  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  153, 181, 

pi.  4,  figs.  1,  2. 
Crania  halli  Sardeson,  Bull.  Minnesota  Acad«  Nat.  Sci.,  Ill,  1892,  p.  328,  pi.  4, 

figs.  8-10. 
Craniellaf  ulrichi  Winchell  and  Schnchert,  Minnesota  Geol.  Survey,  III,  1893,  p. 

875,  pi.  29,  figs.  38,  39.. 
Loc.  Minneapolis,  St.  Paul,  and  Fountain,  Minnesota. 

Graniops  Hall=Pholidop8. 
CBYPTACAHTHIA  White  and  St.  John. 

Genotype  Waldheimiat  compacta  White  and  St.  John. 
Cryptaoanthia  White  and  St.  John,  Trans.  Chicago  Acad.  Sci.,  1, 1868,  p.  119.— 
DaU,  American  Jour.  Couch.,  VI,  1870,  p.  114.— Hall  and  Clarke,  Pal.  New 
York,  VIII,  Pt.  II,  1893,  p.  300;— Thirteenth  Ann.  Rep.  New  York  State  Geol- 
ogist, 1895,  p.  867. 

Cryptaeanthia  compacta  White  and  St.  John.  Upper  Garboniferons. 

Waldheimiaf  (Cryptaoanthia)  compacta  White  and  St.  John,  Trans.  Chicago 

Acad.  Sci.,  I,  1868,  p.  119,  fig.  3. 
Cryptaoanthia  compacta  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p. 

301,  fig.  225. 
Loc,  Madison  County,  Missouri. 

CBTFTOHELLA  Hall,  1867.      .  Genotype  Terebratula  rectirostra  Hall. 

f  Cryptonella  Hall,  Fourteenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1861,  pp. 
101,  102;— Fifteenth  Rep.  Ibidem,  1862,  p.  160,  pi.  3,  figs.  8,  9.— Billings, 
Canadian  Nat.  Geo].,VII,  1862,  p.  392.— Hall,  Sixteenth  Rep.  New  York  State 
Cab.  Nat.  Hist.,  1863,  p.  43,  figs.  1-7  on  p.  42;— American  Jour.  Sci.,  2d  ser., 
XXXV,  1863,  p.  396.— BilUngs,  Ibidem,  XXXVI,  1863,  p.  238.— Hall,  Trans. 
Albany  Institute,  IV,  1863,  pp.  132,  148. 

Centronella (partim)  A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1865,  p.  123. 

Cryptonella  Hall,  Twentieth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1867,  p.  164;--- 
PaL  New  York,  IV,  1867,  p.  392.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt. 
II,  1893,  p.  286 ;— Thirteenth  Ann.  Rep.  New  York  State  Geologist,  1895,  p.  860« 

Oh$,  This  genus  can  not  be  considered  as  established  before  1867. 

Bull.  87 13 
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Cryptonella  calvini  Hall  aud  Whitfield=Dielasma  calvini. 

Cr7ptonella(?)  oircnlns  Walcott.  Devonian. 

Cryptonella  f  oircnla  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  163,  pi.  15, 

fig.  2. 
Loo.  Lone  Mountain,  Nevada. 
Ob8»  Additional  material  shows  that  this  species  attained  a  length  of  1  inch. 

Cryptonella  endora  Hall  and  Whitfield,  1873=:Dielasma  calvini. 

Cryptonella(?)  endora  Hall.  Chemung- Waverly  (Dev.-L.  Carb.). 

Cryptonella  (Terebratula)  eudora  Hall,  Pal.  New  York,  IV,  1867,  p.  398,  pi.  61, 

figs.  31-41. 
Cryptonella  eudora  Herri ck.  Bull.  Denison  Univ.,  Ill,  1888,  p.  48,  pi.  5,  fig.  10;— 

Geol.  Ohio,  VII,  1895,  pi.  21,  fig.  10. 
Loo.  Ithaca,  New  York ;  Licking  County,  Ohio. 

Cr7ptonella(?)  ezimia  Hall.  Lower  Helderberg  (Dev.). 

Cryptonella  ezimia  Hall,  Fifteenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1862, 
p.  160,  pi.  3,  figs.  6,  7;— Sixteenth  Rep.  Ibidem,  1863,  p.  43,  figs.  10,  IL—Hall 
and  Clarke,  Pal.  New  York,  VIII,  Pt,  II,  1895,  pi.  80,  figs.  11,  12. 

Loo.  Not  given. 

Cr7ptonella(?)  inocmstaaB  (Herrick).  Waverly  (L.  Carb.). 

Terebratnla?  inconstans  Herrick,  Bull.  Denison  Univ.,  IV,  1888,  p.  24,  pi.  3. 

figs.  8,  9;  pi.  11,  fig.  18. 
Cryptonella(f)  inconstans  Hall  aud  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1886, 

pi.  79,  figs.  31,  32. 
Terebratula  inconstans  Herrick,  Geol.  Ohio,  VII,  1895,  pi.  23,  fig.  17. 
Loo.  Ashland  County  aud  Lodi,  Ohio. 

Crjrptonella  iowensis  Calvin=CranaBna  iowaeusis. 

Cryptonella  iphis  Hall.  Corniferous  (Dev.). 

Cryptonella  iphis  Hall,  Pal.  New  York,  IV,  1867,  p.  396,  pi.  61,  figs.  26-28. 
Loo.  Cayuga,  Ontario. 

Cryptonella  lens  Hall.  Corniferous  (Dev.). 

Terebratula  lens  Hall,  Thirteenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1860, 

p.  89;~Pal.  New  York,  IV,  1867,  p.  386,  pi.  60,  figs.  1-4. 
Cryptonella  lens  Hall  and  Whitfield,  Twenty-fourth  Rep.  New  York  State  Cab. 

Nat.  Hist.,  1872,  p.  199. 
Loo.  Clarence  Hollow,  New  York ;  Falls  of  Ohio. 

Cryptonella  lincklseni  Hall=Eauella  lincklaeni. 

Cryptonella  ovalis  Miller.  Hamilton  (Dev.). 

Cryptonella  ovalis  Miller,  Seventeenth  Rep.  State  Geol.  Indiana,  1891,  p.  76,  pL 

13,  figs.  1,  2. 
Loo.  Bunker  Hill,  Indiana. 

Cryptonella  pinonenus  Walcott.  Upper  Devonian. 

Cryptonella  pinonensis  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  163,  pi. 

4,  fig.  4. 
Loc,  Pinon  Range,  Nevada. 

Cryptonella  planirostris  Hall.  Marcellas,  Hamilton  (Dev.}. 

Terebratula  planirostra  Hall,  Thirteenth  Rep.  New  York  State  Cab.  Nat.  Hist.. 

1860,  p.  89. 

Cryptonella  planirostra  Hall,  Fourteenth  Rep.  New  York  State  Cab.  Nat.  Hist., 

1861,  p.  101;--Sixteenth  Rep.  Ibidem,  1863,  p.  44;— Pal.  New  York,  IV,  1867, 
p.  395,  pi.  61,  tigs.  9-27.— Hall  and  Clarke,  Ibidem,  VIII,  Pt.  II,  1883,  p.  287, 
tig.  208;  pi.  80,  figs.  5-10. 

Ia>c.  Seneca  and  Canandaigua  lakes,  New  York. 
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Cryptonella  reetirostris  Hall.  Hamilton  (Dev.). 

Terebratnla  rectirostra  Hall,  Thirteenth  Rep.  New  York  State  Cab.  Nat.  Hist., 

1860,  p.  88. 

Cryptonella  rectirostra  Hall,  Fourteenth  Rep.  New  York  State  Cab.  Nat.  Hist., 

1861,  p.  101  ;--Sixteenth  Rep.  Ibidem,  1863,  p.  44;— Pal.  New  York,  IV,  1867, 
p.  394,  pi.  61,  figs.  1-^.— Hall  and  Clarke,  Ibidem,  VIII,  Pt.  II,  1893,  p.  286, 
pi.  80,  figs.  1-4. 

Loc.  Bellona,  York,  Moscow,  etc..  New  York ;  Falls  of  Ohio. 

Cryptonella  rabelliptica  Hall  and  Clarke.  Waverly  (L.  Garb.). 

Cryptonella  subelliptica  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi. 

81,  figs.  41-43. 
Loc.  Sciotoville,  Ohio. 

CTCIfOBHIVA  Hall  and  Clarke.    Genotype  Bhyuchospira  nobllis  Hall. 
Cyclorhina  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  206,— Thir- 
teenth Ann.  Rep.  New  York  State  Geologist,  1895,  p.  830. 

Cyclorluiia  nobiliB  Hall.  Hamilton  (Dev.). 

Rhynchospira  nobilis  Hall,  Thirteenth  Rep.  New  York  State  Cab.  Nat.  Hist., 

1860,  p.  83. 
Rhynchospira  and  Trematospiraf  nobilis  Hall,  Pal.  New  York,  IV,  1867,  pp.277, 

412,  pi.  63,  figs.  33-36. 
Retzia  (Trematospira)  nobilis  Whiteaves,  Cont.  Canadian  Pal.,  I,  1889,  p.  116. 
Cyclorhina  nobilis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  207, 

pi.  61,  figs.  1-12. 
Loe.  Darieu,  New  York;  Thedford,  Ontario. 

CTCL06PIBA  Hall  and  Clarke.       Genotype  Ortbis  bisulcata  Emmons. 
Cyclospira  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  146.— Winchell 
and  Schnchert,  Minnesota  Geol.  Survey,  III,  1893,  p.  469. — Hall  and  Clarke, 
Thirteenth  Ann.  Rep.  New  York  State  Geologist,  1895,  p.  808. 

Cyclospira  biroloata  (Emmons).  Trenton  (Ord.). 

Orthis  bisnlcata  Emmons,  Geol.  New  York;  Rep.  Second  Dist.,  1842,  p.  396,  fig.  4. 
Atrypa  bisulcata  Hall,  Pal.  New  York,  1, 1847,  p.  139,  pi.  33,  fig.  3. 
Gennsf  bisnlcata  Hall,  Twelfth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1859,  p.  65. 
Camarella  bisnlcata  Miller,  American  Pal.  Foss.,  1877,  p.  107. 
Camarella  owatonnensis  Sardeson,  Bull.  Minnesota  Acad.  Nat.  Sci.,  Ill,  1892,  p. 

328,  pi.  4,  figs.  1-3. 
Cyclospira  bisnlcataf  Winchell  and  Schuchert,  Minnesota  Geol.  Survey,  III, 

1893,  p.  470,  pi.  34,  figs.  49-54. 
Cyclospira  bisulcata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  147, 

figs.  133-136;  pi.  54,  figs.  3^-40;— Whiteaves,  Pal.  Foss.,  HI,  Pt.  Ill,  1897, 

p.  180. 
Loc  Adams,  Jefferson  County,  New  York;  Ottawa,  Canada;  Cannon  Falls,  etc., 

Minnesota;  Lake  Winnipeg,  Manitoba. 

Cycl08piia(?)  spaniplica  Foerste.  Clinton  (Sil.). 

Cyclospira f  sparsiplica  Foerste,  Geol.  Ohio,  VII,  1895,  p.  593,  pi.  37 A,  fig.  18. 
Loe,  Dayton,  Ohio. 
Oh$.  May  be  a  species  of  Parastrophia  or  a  rhynchonelloid. 

CT&TIA  Dalman.  Genotype  Anomites  exporrectus  Wahlenberg. 

Cyrtia  Dalman,  Kongl.  Sveuska  Vet.-Akad.  Handl.,  for  1827,  1828,  pp.  93,  97.— 
Billings,  Canadian  Jour.,  VI,  1861,  p.  262.— Nettelrotb,  Kentucky  Fossil 
Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  93.— Hall  and  Clarke,  Pal.  New 
York,  VIII,  Pt.  II,  1893,  p.  40;— Thirteenth  Ann.  Rep.  New  York  State  Geolo- 
gist, 1895,  p.  759. 

Cyrtia  acutiroatris  Shamard=Cyrtina  acutirostris. 
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CyrtiA  alU  Hall.  Waverly  (L.  Carb.). 

Spirifor  alta  Hall,  Proo.  American  Phil.  Soc,  X,  1866,  p.  246;— Pal.  New  York, 

IV,  1867,  p.  248,  pi.  43,  figs.  1-7. 
Syringothyrifl  alta  Schuchert,  Ninth  Ann.  Rep.  New  York  State  GeoL,  1890,  p.  35. 
Cyrtia  alta  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  42,  pi.  26,  figa. 

1-6;  pi.  39,  figs.  37,  38. 
Loc.  Meadville,  Pennsylvania;  Bedford,  Ohio. 

Cyrtia  biplicata  Hall=OyTtiDa  biplicata. 

Cyrtia  curvilineata  White=Oyrtina  curvilineata. 

Cyrtia  oyrtiniformifl  (Hall  and  Whitfield).  Ghemang  (Dev.). 

Spirifera  cyrtiDaformis  Hall  and  Whitfield,  Twenty-third  Rep.  New  York  State 
Cab.  Nat.  Hist.,  1872,  p.  238,  pi.  11,  figs.  21-24 ;— Extract,  1872,  p.  19,  pi.  11, 
figs.  21-24.— Whiteaves,  Cont.  to  Canadian  Pal.,  I,  1891,  p.  222. 

Cyrtia  cyrtinifonnis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  42, 
pi.  25,  figs.  26-32. 

Loc.  Rookford,  Iowa;  Hay  River,  Canada. 

Oh$.  Compare  with  C.  norwoodi  Meek. 

Cyrtia  dalmani  Hall=Cyrtina  dalmani. 

Gyrtia  ezporrecta  (Wahlenberg).  Niagara  (Sil.). 

Anomites  exporrectus  Wahlenberg,  Nova  Acta  Regias  Soc.  Scient.  Upsal,  VIII, 

1821,  p.  64. 
Spirifera  (Cyrtia)  trapezoidalis  Hall  and  Whitfield,  Twenty-fonrth  Rep.  New 

York  State  Cab.  Nat.  Hist.,  1872,  p.  183. 
Cyrtia  trapezoidalis  Hall  and  Whitfield,  Twenty-seventh  Rep.  Ibidem,  1875,  pi. 

9,  figs.  19-21. 
Cyrtia  exporreota  Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentncky  Geol.  Sur- 
vey, 1889,  p.  93,  pi.  27,  figs.  6-8,  20.— Hall  and  Clarke,  Pal.  New  York,  VIII, 
Pt.  II,  1893,  p.  42,  pi.  28,  figs.  1,  48,  49,  51. 
Loc.  Europe;  Louisville,  Kentucky. 
Cyrtia  exjwrrecta  arrecta  Hall  and  Whitfield=C.  myrtea. 
Cyrtia  gigas  Troo8t=Syriugothyri8  gigas. 
Cyrtia  hamiltonensis  Hall=CyrtiDa  hamiltonensis. 
Cyrtia  meta  (Hall).  Clinton  and  Niagara  (Sil.). 

Spirlfer  radiatus  (pars)  Hall,  Pal.  New  York,  II,  1&52,  p.  66,  pi.  22,  figs.  2a-2c,  2t. 
Spirifera  meta  Hall,  Twentieth  Rep.  New  York  State  Cab.  Nat.  Hist,  1867,  p.  372, 

pi.  13,  figs.  12, 13. 
Cyrtia  radians  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  42,  382, 

pi.  28,  figs.  4,  6,  50,  52;  pi.  39,  fig.  33. 
Loc.  Lockport  and  Rochester,  New  York;  Milwaukee,  Wisconsin. 

Cyrtia  missouriensis  Swallow=Cyrtina  missouriensis. 
Cyrtia  myrtia  Billings.  Anticosti  and  Niagara  (Sil.). 

Cyrtia  myrtia  Billings,  Pal.  Fossils,  I,  1862,  p.  165,  fig.  149.— Hall  and  Clarke, 

Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  42. 
Cyrtia  trapezoidalis  var.  arrecta  Hall  and  Whitfield,  Twenty-fonrth  Rep.  New 

York  State  Cab.  Nat.  Hist.,  1872,  p.  183. 
Cyrtia  exporrecta  Hall  and  Whitfield,  Twenty-seventh  Rep.  Ibidem,  1875,  pi.  9, 

figs.  22,  23. 
Cyrtia  exporrecta  var.  arrecta  Nettelroth,  Kentncky  Fossil  Shells,  Mem.  Kentucky 

Geol.  Survey,  1889,  p.  94,  pi.  27,  fig.  21;  pi.  34,  fig.  35;  pi.  37,  figs.  60,  61.— 

Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi.  28,  figs.  2,  3;  pi.  39, 

fig.  32. 
Loc.  Anticosti;  Louisville,  Kentucky. 
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Cyrtia  norwoodi  (Meek).  Middle  Devonian. 

Spin&Tft  norwoodi  Meek,  Pfoc.  Acad.  Nat.  Soi.  Philadelphia,  1860,  p.  308. 
8pirifera  ntahensit  Keek,  note  appended  to  extra  copies  of  the  above-cited 

paper,  I860;— Simpaon'a  Rep.  Expl.  Great  Basin  Terr.  Utah,  1876,  p.  345,  pi. 

1,  fig.  4;— King's  U.  S.  Geol.  Expl.  40th  Pari.,  IV,  1877,  p.  39,  pi,  3,  fig.  1. 
Loe,  BneU  Valley,  Utah. 
Ohs,  Compare  with  C.  crytiniformis  Hall  and  Whitfield. 

Oyrtia  occidentalis  Swallow=Gyrtina  occideutalis. 

Cyrtia  radians  Hall  and  Glarke=0.  meta. 

Cyrtia  rostrata  HallsGyrtina  rostrata. 

Cyrtia  trapezoidalis  Hi8inger=C.  exx)orrecta. 

Cyrtia  trapezoidalis  arrecta  Hall  and  Wlutfield=:C.  myrtia. 

Cyrtia  triquetra  Hall=:Cyrtina  triqnetra. 

Cyrtia  ombonata  Hall=Oyrtina  umbonata. 

CTKTDIA  Davidson.  Genotype  Cyrtia  lieteroclita  Defrance. 

Cyrtina  Davidson,  Hon.  British  Carb.  Brachiopoda,  Pal.  Soc,  1858,  p.  66.— HaU, 
Pal.  New  York,  IV,  1867,  p.  263 ;— Twentieth  Rep.  New  York  State  Cab.  Nat. 
Hist,  1867,  p.  251.— Herrick,  BnU.  Dennison  Uiiiv.,I  V,  1888,  p.  14.— Nettelroth, 
Kentncky  Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  95.— Hall  and 
Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  43;— Thirteenth  Ann.  Kep.  New 
York  Stato  Geologist,  1895,  p.  763. 

Cyrtina  acntirostriB  (Shomard).  Chonteaa  (L.  Carb.). 

Cyrtia  acutirostris  Shumard,  Geol.  Rep.  Missouri,  1855,  p.  204,  pi.  C,  fig.  3. 
Cyrtina  acutirostris  Miller,  N.  American  Geol.  Pal.,  1889,  p.  342. — Hall  and 

Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi.  28,  figs.  38-42,  44,  54.— Keyes 

Geol.  Survey  Missouri,  V,  1895,  p.  89,  pi.  39,  fig.  10. 
Loo,  Hannibal  and  Louisiana,  Missouri. 

Cyrtina  aflbus  Billings.  Oriskany  (Dev.) 

Cyrtina  dahnani  BiUings,  Canadian  Nat.  Geol.,  VIII,  1863,  p.  37. 

Cyrtina  affinis  BiUings,  Pal.  Fossils,  II,  1874,  p.  49,  pi.  3A,  fig,  6. 

Loe,  Grand  Greve,  Gasp^. 
Cjrrtina  brUingfi  Meek.  Hamilton  (Dev.). 

Cyrtina  billingsi  Meek,  Trans.  Chicago  Acad.  Sci.,  1, 1868,  p.  97,  pi.  14,  fig.  6.— 
Whiteaves,  Cent,  to  Canadian  Pal.,  1, 1891,  p.  227. 

Loe.  Clearwater  and  Athabasca  rivers,  British  America. 

Cyrtina  lupHoata  Hall.  Upper  Helderberg  (Dev.);. 

Cyrtia  biplicata  Hall,  Tenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1857,  p.  165. 
Cyrtina  biplicata  HaU,  Pal.  New  York,  IV,  1867,  p.  266,  pi.  27,  figs.  5-10.— HaU: 

and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi.  28,  figs.  7-10. 
Loe.  Albany  and  Schoharie  counties,  etc..  New  York;  Michigan. 

Cyrtina  ImrlingtonenfliB  Bowley.  Burlington  (L.  Carb.). 

Cyrtina  burUngtonensis  Rowley,  American  Geologist,  XII,  1893,  p.  308,  pi.  14, 

figs.  15-17. 
Loo.  Louisiana,  Missouri. 
05«.  Compare  with  C.  neogenes. 

Cyrtina  crassa  Hall.  Corniferous  (Dev.). 

Cyrtina  crassa  HaU,  Pal.  New  York,  IV,  1867,  p.  267,  pi.  27,  figs.  11, 12.— HaU 

and  Whitfield,  Twenty-seventh  Rep.  New  York  State  Cab.  Nat.  Hist.,  1875, 

pi.  9,  figs.  14-16.— Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol. 

Survey,  1889,  p.  95,  pi.  13,  figs.  21-24.— HaU  and  Clarke,  Pal.  New  York,  Vni» 

Pt.  II,  1895,  pi.  28,  figs.  18-15. 
Loe  Yienna;  New  York;  Falls  of  Ohio. 
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Cyrtma(?)  cnrupira  Eatbbun.  Middle  Devonian. 

Cyrtina(f)  curupira  Rathban,  Bull.  Buffalo  Soc.  Nat.  ScL,  I,  1874,  p.  242,  pLlO. 

figs  1,  6. 
Loo.  Erere,  Province  of  Para,  Brazil. 

Cyrtina  curvilineata  White.  Hamilton  (Dev.). 

Cyrtia  carvilineata  White,  Proc.  Boston  Soc.  Nat.  Hist.,  IX,  1862,  p.  25. 
Cyrtiua  curvilineata?  Hall,  Pal.  New  York,  IV,  1867,  p.  270,  pi.  44,  figs.  53-65. 
Cyrtina  curvilineata  Hall  and  Clarke,  Ibidem,  VIII,  Pt.  II,  1895,  pi.  28,  figs.  11, 12 
Loc.  Iowa  City,  Iowa. 

Cyrtiua  dalmani  Billings  (non  Hall)=G.  affinis. 

Cyrtina  dalmani  (Hall).  Lower  Helderberg  (Dev.). 

Cyrtia  dalmani  Hall,  Tenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1857,  p.64;- 
Pal.  New  York,  III,  1859,  p.  206,  pi.  24,  fig.  1. 

Cyrtina  dalmani  Meek  and  Worthen,  Geol.  Survey  Illinois,  III,  1868,  p.  383,  pi. 
7,  fig.  3. 

Loo,  Albany  and  Schoharie  counties,  New  York ;  Perry  County,  Missoori ;  Deca- 
tur County,  Tennessee ;  Dalhousie,  New  Brunswick. 

Cyrtina  davidsoni  Walcott.  Middle  and  Upper  Devonian. 

Cyrtina  davidsoni  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  146,  pi.  3, 

fig.  2. 
Loc.  White  Pine  district,  Nevada. 

Cyrtina  hamiltonensiB  Hall.        Up.  Helderberg,  Ham.,  and  Port.  (Dev.). 

Cyrtia  hamiltonensis  Hall,  Tenth  Rep.  New  York  State  Cab.  Nat.  Hist..  1857,  p. 
166.— BiUings,  Canadian  Jour.,  VI,  1861,  p.  262,  figs.  80-82;— Geol.  Canada, 
1863,  p.  384,  ^g.  415. 

Cyrtina  hamiltonensis  Hall,  Pal.  New  York,  IV,  1867,  p.  268,  pi.  27,  figs.  1-4; 
pi.  44,  figs.  26-33,  38-52.— Meek,  Trans.  Chicago  Acad.  Soi.,  1, 1868,  p.  99, 
pi.  14,  figs.  5,  7,  10.— Nicholson,  Pal.  Prov.  Ontario,  1874,  p.  83.— Walcott, 
Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  147.— Nettelroth,  Kentucky  Fossil 
SheUs,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  96,  pi.  13,  figs.  4-12.— Whit- 
eaves,  Cont.  to  Canadian  Pal.,  I,  1891,  pp.  226,  288.— Hall  and  Clarke.  Pal. 
New  York,  VIII,  Pt.  II,  1895,  pi.  28,  figs.  23-33,  43,  45,  46,  53.— Kindle, 
Bull.  American  Pal.,  6, 1896,  p.  35. 

Cyrtina  panda  Meek,  Trans.  Chicago  Acad.  Sci.,  1, 1868,  p.  100,  pi.  14,  fig.  8. 

Loc.  New  York ;  Pennsylvania;  Maryland ;  Cayuga  and  Thedford,  Ontario;  Louis- 
ville, Kentucky;  Independence,  Iowa;  Eureka  district,  Nevada;  Mackenzie 
and  Athabasca  rivers,  and  lakes  Manitoba  and  Winnipegosis,  British  America. 

Oha.  C.  panda  is  a  variattou  of  this  species  with  a  higher  ventral  area. 

Cyrtina  hamiltonenBiB  recta  Hall.  Hamilton  and  Ghemang  (Dev.). 

Cyrtina  hamiltonensis  var.  recta  Hall,  Pal.  New  York,  IV,  1867,  p.  270,  pi.  44, 
figs.  34-37.— Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Sur- 
vey, 1889,  p.  97,  pi.  13,  figs.  13-16.— Hall  and  Clarke,  Pal.  New  York,  VIII, 
Pt.  11,  1895,  pi.  28,  figs.  21,  22. 
Loc.  Allegany  County,  New  York ;  Falls  of  Ohio. 

Cyrtina  lachrymosa  Hall  and  Clarke.  Waverly  (L.  Garb.). 

Cyrtina  lachrymosa  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  H,  1895,  pp.  46, 

362,  pi.  28,  figs.  36,  37,  47. 
Loc.  Richfield,  Ohio. 

Cyrtina  migsouriensis  (Swallow).  Hamilton  (Dev.). 

Cyrtia  missouriensis  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  I,  1860,  p.  647. 
Cyrtina  missouriensis  Miller,  N.  American  Geol.  Pal.,  1889,  p.  343. 
Loc.  Callaway  County,  Missouri. 
Ob$,  Regarded  by  Keyes  as  a  synonym  for  C.  umbonata. 
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Cyrtina  neogenes  Hall  and  Clarke.  Barlingtou  (L.  Garb.). 

Cyrtina  neogenes  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  I8d5,  pi.  84,  fig.  41. 
Loc.  BarliDgton,  Iowa. 
Obs.  Compare  with  C.  barlingtonensis. 

Cyrtina(?)  occidentalii  (Swallow).  Uamiltou  (Dev.)« 

Cyrtia  occidentalis  Swallow,  Trans.  St.  Loiua  Acad.  Sci.,  I,  1K60,  p.  648. 
Cyrtina?  occidentalis  Miller,  N.  American  Qeol.  Pal.,  1889,  p.  343. 
Syringothyris  occidentalis  Keyes,  Geol.  Survey  Missoari,  V,  1888,  p.  86. 
Loc.  Callaway  County,  Missoari. 

Ohs.  This  is  probably  a  Spirifer  with  a  high  urea  ns  in  S.  asperun,  or  it  is  a 
Cyrtia. 

Cyrtina  panda  Meek=C.  bamiltonensis. 

Cyrtiiia  pyramidalis  (Hall).  Niagara  (Sil.). 

Spirifer  pyramidalis  Hall,  Pal.  New  York,  II,  1852,  p.  266,  pi.  54,  fig.  7. 
C^-rtina  pyramidalis  Miller,  N.  American  Geol.  Pal.,  1889,  p.  343. 
Loc,  Lewiston,  New  York. 

Cyrtina  rostrata  Hall.  Oriskany  and  Gorniferous  (Dev.). 

Cyrtia  rostrata  HaU,  Tenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1857,  p.  64;— 

Pal.  New  York,  III,  1859,  p.  429,  pi.  96,  figs.  1-6;  pi.  98,  fig.  8.— Billings, 

Canadian  Jour.,  YI,  1861,  p.  263. 
Cyrtina  rostrata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi.  25,  figs. 

1-8;  pi.  28,  fig.  6. 
Loc.  Albany  County,  New  York ;  Cumberland,  Maryland ;  Cayuga,  Ontario. 

Cyrtina  triplicata  Simpson.  Waverly  (L.  Carb.). 

Cyrtina  triplicata  Simpson,  Trans.  American  Phil.  Soc,  n.  ser.,  XVI,  1889,  p.  499, 

fig.  4. 
Loc.  Warren,  Pennsylvania. 

Cyrtina  triqnetra  (Hall).  Hamilton  (Dev.). 

Cyrtia  triquetra  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  513. 

Cyrtina  triquetra  Meek,  Trans.  Chicago  Acad.  Sci.,  I,  1868,  p.  99. — Meek  and 
Worthen,  Geol.  Survey  Illinois,  III,  1868,  p.  436,  pi.  13,  fig.  4.~-Hall  and 
Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi.  28,  figs.  14,  35. 

Loc,  Rock  Island,  Illinois. 

Cyrtina  nmbonata  (Hall).  Hamilton  (Dev.). 

Cyrtia  nmbonata  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  512,  pi.  5,  fig.  2. 
Cyrtina  umbonata  Miller,  N.  American  Geol.  Pal.,  1889,  p.  343.~'Keyes,  Geol. 

Survey  Missouri,  V,  1895,  p.  90. 
Loc.  Buffalo,  Iowa;  Rock  Island,  Illinois;  Callaway  County,  Missouri. 
Oh$.  See  C.  missouriensis. 

Cyrtina  umbonata  alpenaenaiB  Hall  and  Clarke.  Hamilton  (Dev.). 

Cyrtina  umbonata  var.  alpenensis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II, 

1895,  p.  362,  pi.  28,  figs.  16-20. 
Loc.  Alpena,  Michigan. 

DALMAHELLA  Hall  and  Clarke. 

6enot3rpe  Orthis  testudinaria  Dalman. 

Orthis  (group  of  O.  testudinaria)  Hall,  Bull.  Geol.  Soc.  America,  1, 1889,  p.  21. 

Dalmanella  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  205,  223.— 

Winchell  and  Schuchert,  Minnesota  Geol.  Survey,  III,  1893,  p.  439.— Hall 

and  Clarke,  Eleventh  Ann.  Rep.  New  York  State  Geologist,  1894,  p.  170. 
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Dalmanella  amcBna  K.  H.  Wiiicbell.  Trenton  (Ord.)- 

Orthis  amoena  Winchell,  Eighth  Ann.  Rep.  Geol.  Nat.  Hist.  Survey  Miojieflotoy 

1880,  p.  65. 
Orthis  (D.)  amvena  Winchell  and  Schuchert,  Miunesota  Geol.  Survey,  III,  1893, 

p.  453,  pi.  33,  figs.  48^0. 
Loe.  Spring  Valley,  Minnesota. 

Dalmanella  arcuaria  Hall  and  Clarke.  Niagara  (Sil.). 

Dalmanella  arcuaria  UaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  224, 

341,  pi.  5C,  figs.  20,  21. 
Loc,  Perry  County,  Tennessee. 

Dalmanella  bellnla  (Meek).  Lorraine  (Ord.). 

Orthis  heUula  (James  MS.)  Meek,  Pal.  Ohio,  I,  1873,  p.  103,  pi.  8,  fig.  5;  MLUer, 

Cincinnati  Quart.  Jour.  Sci.,  II,  1875,  p.  31. 
Dalmanella  bellula  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  18d2,  p.  224. 
Loc.  Cincinnati,  Ohio. 

Dalmanella  concinna  Hall.  Lower  Helderberg  (Dev.). 

Orthis  concinna  Hall,  Pal.  New  York,  III,  1859,  p.  172,  pi.  13,  figa.  1-3. 
Dalmanella  concinna  Hall  and  Clarke,  Pal.  New  York,  VIII,  Ft.  I,  1892,  pp. 

207,224. 
Loc.  Cumberland,  Maryland. 

Dalmanella  crispata  (Emmons).  Lorraine  (Ord.). 

Orthis  crispata  Emmons,  Geol.  New  York ;  Rep.  Second  Dist.,  1842,  p.  404,  fig.  5. 
Dalmanella  crispata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  224. 
Loo.  Lorraine,  New  York. 

Dalmanella  devonica  ( Walcott).  Lower  Devonian. 

Skenidium  devonicum  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  116,  pi. 

13,  fig.  4. 
Loc.  Eureka  district,  Nevada. 
Oha.  The  type  specimen  has  no  spondylium  and  therefore  is  uo  Scenidium. 

Dalmanella  electra  (Billings).  Oalciferons  (Ord.). 

Orthis  electra  Billings,  Pal.  Fossils,  I,  1S&2,  p.  79,  fig.  72;  p.217;--Geol.  Canada, 

1863,  p.  231,  fig.  246. 
Orthis  electra?  White,  Wheeler's  Rep.  Geol.  Geogr.  Expl.  west  100  Merid.,  IV, 

1875,  p.  55. 
Dalmanella  electra  Hall  and  Clarke,  Pal.  New  York,  VUI,  Pt.  1, 1892,  p.  223. 
Loo.  Point  Levis  and  St.  John,  Canada ;  Newfoundland ;  House  Range,  Utah. 

Dalmanella  electra  major  (Mattliew).  Oalciferons  (Ord.). 

Orthis  electra  var.  major  Matthew,  Trans.  Royal  Soo.  Canada,  X,  1893,  p.  100, 

pi.  7,  fig.  3. 
Loc.  Near  St.  John,  New  Brunswick. 

Dalmanella  electra  leevis  (Matthew).  Calciferous  (Ord.). 

Orthis  electra  var.  laevis  Matthew,  Trans.  Royal  Soc.  Canada,  X,  1893,  p.  100. 
Loc.  Near  St.  John,  New  Brunswick. 

Dalmanella  elegantnla  (Dalman).  Olinton  and  Niagara  (SiL). 

Orthis  elegantnla  Dalman,  Kongl.  Svenska  Vet.-Akad.  Handl.,  for  1827, 1828, 
p.  117,  pi.  2,  fig.  6.— Hall,  Pal.  New  York,  II,  1852,  p.  253,  pi.  62,  fig.  3.— 
Billings,  Canadian  Nat.  Geol.,  I,  1856,  p.  136,  pi.  2,  fig.  5.— Roemer,  Sil. 
Fauna  west.  Tennessee,  1860,  p.  62,  pl.  5,  fig.  7.— Billings,  Geol.  Canada^ 
1863,  p.  312,  fig.  320.— Hall,  Twenty-eighth  Rep.  New  York  State  Mus,  Nat. 
Hist.,  1879,  p.  150,  pl.  21,  figs.  11-17;— Eleventh  Rep.  State  Geol.  Indiana, 
1882,  p.  285,  pl.  21,  figs.  11>17 ;— Second  Ann.  Rep.  New  York  State  Geol.,  1883, 
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''^l^ft^'*^^^^  elegtntnla  (Dalman) — Continued. 

pi.  35,  figs.  34-37.— Foerste,  BnU.  Deni«on  Univ.,  I,  1885,  p.  84,  pi.  13,  fig. 

1.— Nettelrotb,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Qeol.  Survey,  1889, 

p.  37,  pi.  32,  figs.  52-57.— Beecher  and  Clarke,  Hem.  New  York  State  Mns., 

1, 1889,  p.  14,  pi.  1,  figs.  3-12.— Foerst«,  Proo.  Boston  Soo.  Nat.  Hist.,  XXIV, 

1890,  p.  307. 
Orthis  canalis  Hall,  Qeol.  New  York;  Rep.  Fourth  Dist.,  1843,  p.  105,  fig.  6. 
Orthis  elegantulaf  var.  Hall,  Pal.  New  York,  II,  1852,  p.  57,  jil.  20,  fig.  7. 
Dalmanella  elegantnla  Hall  and  Clarke,  Pal.  New  York,  VIII,  IH.  I,  1892,  pp. 

207,  224,  pi.  5C,  figs.  15-19. 
Orthis  (Dalmanella)  elegantnla  Foerste,  Geol.  Ohio,  VII,  1895,  p.  581,  pi.  25, 

figs.  11, 17. 
Lac,  £nro]>e;   New  York;    Ohio;   Indiana;    Kentucky;    Tennessee;    Missouri; 

Ontario  and  Nova  Scotia,  Canada;  Collinsville,  Alabama. 

DalmanaUa  elegantnla  parva  (Foersto).  Clinton  (Sil.). 

Orthis  elegantnla  var.  parva  Foerste,  Bull.  Dentson  Univ.,  I,  1885,  p.  85,  pi.  13, 

fig.  17. 
Dalmanella  elegantnla  var.  }>arva  Hall  and  Clarke,  Pal.  New  York,  VUI,  Pt.  I, 

1892,  p.  224. 
Xoc.  Dayton,  Ohio. 

DalBaneUa(T)  evadne  (Billings).  Oalciferons  (Ord.). 

Orthis  evadne  BiUings,  Pal.  Fossils,  1, 1862,  p.  81,  fig.  74;  p.  79.— Whitfield,  BnU. 

American  Mus.  Nat.  Hist.,  1, 1886,  p.  300,  pi.  24,  fig.  8. 
DalmaneUaf  evadne  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  223, 

pi.  5B,  figs.  25,  26. 
Loe,  Point  Levis,  Canada;  Fort  Cassin,  Vermont. 

SalmaneUa  hambm^^enris  (Walcott).  Pogonip  and  Trenton  (Ord.). 

Orthis  hamburgensis  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  73,  pi.  2, 
fig.  5. 

Orthis  (DalmaneUa)  hamburgensis  f  Winohell  and  Schuohert,  Minnesota  Geol. 
Survey,  III,  1893,  p.  440,  pi.  33,  figs.  14-16. 

Loc.  Pogonip  group.  Eureka  district,  Nevada.  In  the  Trenton  at  St.  Paul,  Can- 
non Falls,  etc.,  Minnesota;  Highbridge,  Kentucky. 

Dalmanella  infera  (Calvin).  Chemung  (Dev.). 

Orthis  infera  Calvin,  Bull.  U.  S.  Geol.  Survey  Terr.,  IV,  1878,  p.  728. 
Dalmanella  infera  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  224. 
Loc,  Independence,  Iowa;  Naples,  New  York. 

Dalmanella  lentionlarii  (Vanuxem).  Corniferons  (Dev.). 

Orthis  lenticnlaris  Vanuxem  (non  Wahlenberg),  Geol.  New  York ;  Rep.  Third 

Dist.,  1842,  p.  139,  fig.  4.— Hall,  Pal.  New  York,  IV,  1867,  p.  35,  pi.  5,  figs.  1, 2. 
Orthis  lenticnlaris  and  O.  lentiformis  Hall,  Geol.  New  York ;  Rep.  Fourth  Dist., 

1843,  p.  175,  fig.  4. 
Orthis  eboracensis  Miller,  N.  American  Geol.  Pal.,  1889,  p.  357. 
Dalmanella  lenticnlaris  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  pp. 

207,  224,  pi.  5C,  figs.  36-41. 
Loc.  Leroy,  Caledonia,  etc.,  New  York. 

Dalmanella  kfiida  Hall.  Hamilton  (Dev.). 

Orthis  lepidus  Hall,  Thirteenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1860,  p. 

78;— PaL  New  York,  IV,  1867,  p.  46,  pi.  6,  fig.  1. 
DahnanelLi  lepida  Hall  and  Clarke,  P«l.  New  York,  VIII,  Pt.  1, 1892,  pp.  207,224. 
Loe^  Ontario  County,  New  York. 
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Dalmanella  macleodi  (Whitfield).  Galciferous  (Ord.). 

Orthifl  macleodi  Whitfield,  Bull.  American  Mas.  Nat.  Hist.,  II,  1889,  p.  43,  pi.  7, 

figa.  1-4. 
Dalmanella  macleodi  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  234. 
Loo,  Beekmantown,  New  York. 

Dalmanella  melita  (Hall  and  Whitfield).  Upper  Cambrian. 

Lepttena  melita  Hall  and  Whitfield,  King's  U.  S.  Geol.  Survey,  40th  ParL,  IV, 
1877,  p.  208,  pi.  1,  figs.  13,  14.— Waloott,  Mon.  U.  S.  Geol.  Survey,  VIU,  1^, 
p.  22. 

Loc.  Eureka  district,  Nevada. 

Oba.  This  species  is  related  to  D.  evadne  (Billings). 

Dal]iianella(?)  nettoana  (Bathbon).  Middle  Devonian. 

Orthis  nettoana  Rathbun,  Bull.  Buffalo  Soc.  Nat.  Sci.,  1, 1874,  p.  247,  pi.  10,  figs. 

7,  10, 13;— Ptoo.  Boston  Soc.  Nat.  Hist.,  XX,  1879,  p.  22. 
Loc,  Province  of  Para,  Brazil. 

Dalmanella  parva  (de  Verneuil).  Anticosti  (SiL). 

Orthis  parva  (Pander)  de  Verneuil,  Geology  of  Russia  and  the  Ural  Mountains, 

1845,  p.  188,  pi.  13,  fig.  3.— BilUngs,  Cat.  Sil.  Foss.  Anticosti,  1866,  p.  41. 
Loo,  Europe;  Anticosti. 

Dalmanella  perelegans  Hall.  Lower  Helderberg  (Dev.). 

Orthis  perelegans  HaU,  Tenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1857,  p.  44, 
fig.  1 ;— Pal.  New  York,  lU,  1859,  p.  171,  pi.  13,  figs.  4-12;— Second  Ann.  Rep. 
New  York  State  Geol.,  1883,  pi.  35,  figs.  32,  33. 

Dalmanella  perelegans  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  pp.207, 
224,  pi.  5C,  figs.  34,  35. 

Loc.  Albany  and  Schoharie  countlQs,  New  York ;  Decatur  County,  Tennessee. 

Dalmanella  planiconvexa  Hall.     Lower  Helderberg  and  Oriskany  (Dev.). 

Orthis  planoconvexa  HaU,  Pal.  New  York,  III,  1859,  p.  168,  pi.  12,  figs.  1-6. 
Dalmanella  planoconvexa  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp. 

207,  224. 
Loc,  Albany  County,  New  York ;  Cumberland,  Maryland. 

Dalmanella(?)  pUdfera  (Hall).  Ghazy  (Ord.). 

Leptffina  plicifera  Hall,  Pal.  New  York,  I,  1847,  p.  19,  pi.  4  bis,  fig.  1. 
Strophomena  plicifera  Hall,  Twelfth  Rep.  New  York  State  Cab.  Nat.  Hist,  1859, 

p.  70. 
Loc,  Chazy,  New  York. 

Dalmanella  pogonipensis  (HaJl  and  Whitfield).  Pogonip  (Ord.). 

Orthis  pogonipensis  Hall  and  Whitfield,  King's  U.  S.  Geol.  Expl.  40th  Pari.,  IV, 

1877,  p.  232,  pi.  1,  figs.  9, 10. 
Strophomena  nemea  H.  and  W.,  Ibidem,  1877,  p.  233,  pi.  1,  fig.  15.— Walcott^  Mon. 

U.  S.  Geol.  Survey,  VIII,  1884,  p.  71. 
Loc,  White  Pine  and  Eureka  districts,  Nevada. 
Oh8,  These  are  shells  of  the  D.  perveta  group.    S.  nemea  is  based  on  a  dorsal 

valve  of  O.  pogonipensis. 

Dalmanella  qnadrans  Hall.  Lower  Helderberg  (Dev.). 

Orthis  quadraus  Hall,  Pal.  New  York,  III;  Corrigenda  in  vol.  with  plates,  1861, 

pi.  12,  figs.  9-12. 
Dalmanella  quadrans  Hall  and  Clarke,  Ibidem,  VIII,  Pt.  I,  1892,  p.  224. 
Loo.  Catskill  and  Schoharie,  New  York. 
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Dalmanella  stonensiB  (Saflbrd).  Trenton  (Ord.). 

OrthiB  atoneusiB  Safford,  Geol.  TenneBBee,  1869,  p.  286. 
Dalmanella  BtonenBiB  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  224, 

pi.  5C,  figB.  4,  5. 
Loo.  Near  NafihTille,  TennesBee. 

Dalmanella  robseqnata  (Conrad).  Trenton  (Ord.). 

Orihia  Babseqnata  Courad,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  I,  1843,  p.  333.— 

HaU,  Pal.  New  York,  1, 1847,  p.  118,  pi.  32,  fig.  2;— Geol  WiBooiiBin,  I,  1862, 

p.  42,  fig6.  1-3,  and  p.  436;~8econd  Ann.  Rep.  New  York  SUte  Geol.,  1883, 

pi.  ai,  figB.  19-^. 
OrthiB  minneapoliB  N.  H.  Winchell,  Eighth  Ann.  Rep.  (jeol.  Nat.  Hist.  Surrey 

Minnesota,  1880.  p.  63. 
OrthiB  perveta  Hall,  Second  Ann.  Kep.  New  York  State  (ieol.,  1883,  pi.  34,  figB. 

17,18(116). 
Dalmanella  aabiequata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp. 

194,  207,  224,  pi.  6C,  figs.  6-11. 
Dalmanella  perveta  Hall  and  Clarke,  Ibidem,  1892,  p.  224,  pi.  5C,  figs.  13,  14. 
Orthis  (D.)  snbsequata  Winohell  and  Sohnchert,  Minnesota  Geol.  Snrvey,  III, 

1893,  p.  446,  pi.  33,  figs.  30-36. 
Loc.  Mineral  Point,  Wisconain ;  Minneapolis,  St.  Paul,  Cannon  Falls,  Fountain, 

etc.,  Minnesota;  Decorah  and  McGregor,  Iowa;   Auburn,  Lincoln  County, 

Missouri ;  Montreal,  Canada. 

Dalmanella  snbeeqnata  oircnlaris  N.  H.  Winchell.  Trenton  (Ord.). 

Orthis  circulariB  N.  H.  Winchell,  Eighth  Ann.  Kep.  Geol.  Nat.  Hist.  Survey  Min- 
nesota, 1880,  p.  66. 

OrthiB  (D.)  snbsquata  var  circularis  Winchell  and  Schuchert,  Minnesota  Geol. 
Survey,  III,  1893,  p.  452,  pi.  33,  figs.  46,  47. 

Loe.  Minneapolis,  Cannon  Falls,  etc.,  Minnesota;  Highbrldge,  Kentucky;  Leb- 
anon, Tennessee. 

Dalmanella  snbeeqnata  oonradi  N.  H.  Winchell.  Trenton  (Ord.). 

Orthis  conradi  N.  H.  Winchell,  Eighth  Ann.  Rep.  Geol.  Nat.  Hist.  Surrey  Min- 
nesota, 1880,  p.  68. 

Orthis  (D.)  subiequata  var.  oonradi  Winchell  and  Schuchert,  Minnesota  G^l. 
Survey.  Ill,  1893,  p.  449,  pi.  33,  figs.  37-39. 

Loc.  MinneapoliB,  Minnesota;  Decorah,  Iowa;  Janesville  and  Beloit,  Wiscon- 
sin ;  Montreal,  Canada ;  f Eureka  district,  Nevada. 

Dalmanella  snbsBqnata  gibboBa  (Billings).  Ghazy-Trenton  (Ord.). 

Orthis  gibbosa  Billings,  Geol.  Survey  Canada;  Rep.  Progress  for  1856,  1857,  p. 
296;— Canadian  Nat.  Geol.,  IV,  1859,  p.  434. 

Dalmanella  gibbosa  Plall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  224. 

Orthis  (D.)  subiequata  var.  gibbosa  Winohell  and  Schuchert,  Minnesota  Geol. 
Survey,  III,  1893,  p.  451,  pi.  33,  figs.  43-45. 

Loe.  Near  Ottawa  and  Bellville,  Canada;  Minneapolis,  Cannon  Falls,  etc.,  Min- 
nesota; Decorah,  Iowa ;  Mineral  Point,  Wisconsin;  in  the  Chazy,  Island  of 
Montreal,  and  Pallideau  Islands,  Lake  Huron. 

Dalmanella  robfleqaata  pervetoB  (Conrad).  Trenton  (Ord.). 

Orthis  perveta  Conrad,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  I,  1843,  p.  333.— 
Hall,  Pal.  New  York,  I,  1847,  p.  120,  pi.  32,  fig.  5.— Billings,  Canadian  Nat. 
Geol.,  IV,  1859,  p.  434,  fig.  10.— Hall,  Geol.  Wisconsin,  I,  1862,  p.  42,  fig.7.— 
Billings,  Geol.  Canada,  1863,  p.  130,  fig.  57. 

Orthis  media  N.  H.  Winchell,  Eighth  Ann.  Rep.  Geol.  Nat.  Hist.  Survey  Minne- 
sota, 1880,  p.  64. 
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Dalmanella  snbflBqnata  peryetuB  (Oonrad) — Continaed. 

Orthis  kassnbaB  N.  H.  Winchell,  Ibidem,  1880,  p.  &5. 

fOrtbia  perveta  Waloott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  72,  pi.  11,  fig.  3. 

Dalmanella  perveta  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  5C, 

fig.  12. 
Ortbia  (D.)  snbsBquata  var.  perveta  Wincbell  and  Scbucbert,  Minnesota  Geol. 

Survey,  III,  1893,  p.  460,  pi.  33.  figs.  40-42. 
Zoc.  Mineral  Point,  Beloit,  etc.,  Wisoonsin;  Minneapolis,  St.  Paul,  Cannon  Falls, 

etc.,  Minnesota;  Decorab,  Iowa;  Dixon,  Illinois;  Tennessee. 

Dalmanella  Buboarinata  Hall.  Lower  Helderberg  (Dev.)- 

Ortbis  snbcarinata  Hall,  Tentb  Rep.  New  York  State  Cab.  Nat.  Hist.,  1857,  p.  43, 

figs.  1,  2;— Pal.  New  York,  III,  1859,  p.  169,  pi.  12,  figs.  7,  8,  13-21  (not  figs. 

9-12= D.  quadraus).— Meek  and  Wortben,  Geol.  Survey  Illinois,  III,  1868, 

p.  373,  pi.  7,  fig.  6.— Wbitfield,  Geol.  Wisconsin,  IV,  1882,  p.  320,  pi.  25,  figs. 

3,  4.— Hall,  Second  Ann.  Rep.  New  York  State  Geol.,  1883,  pi.  35,  figs.  23-31. 
f  Ortbis  subcarinata  Tscberneyscbew,  Fauna  Untern  Devon  dee  Urals,  M^xn.  Com. 

G^l.,  Russia,  IV,  1885,  p.  57,  pi.  7,  fig.  97. 
Dalmanella  subcarinata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp. 

207,  224,  pi.  5C,  figs.  25-33. 
Loc,  Catskill,  Sobobarie,  etc.,  New  York;   Perry  and  Pike  counties,  Missouri; 

Decatur  County,  Tennessee;  Waubakee,  Wisconsin;  Arisaig,  Nova  Scotia 

(Ami);  Russia. 

Dalmanella  Buperftes  Hall  and  Clarke.  Ghemnng  (Dev.). 

Dalmanella  superstes  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.207, 

224,  342,  pi.  5C,  figs.  44-47. 
Loc.  Near  Howard,  Steuben  County,  New  York. 

Dalmanella  tennilineata  (Hall).  Chemung  (Dev.)* 

Atrypaf  tennilineata  Hall,  Geol.  New  York;  Rep.  Fourtb  Dist.,  1843,  p.  271, 

fig.  4. 
Ortbis  leouensis  Hall,  Pal.  New  York,  IV,  1867,  p.  62,  pi.  8,  figs.  3-8. 
Dalmanella  leonensis  Hall  and  Clarke,  Ibidem,  VIII,  Pt.  I,  1892,  p.  224,  pi.  5C, 

figs.  42,  43. 
Xoc.  Leon,  Conewango,  etc.,  New  York. 

Dalmanella  tersa  (Sardeson).  Lorraine  (Ord.). 

Ortbis  tersus  Sardeson,  Bull.  Minnesota  Acad.  Nat.  Sci.,  Ill,  1892,  p.  331,  pi.  5, 

figs.  11-13;— American  Geol.,  XIX,  1897,  p.  100,  pi.  5,  figs.  &-13. 
Loc,  Wilmington,  Illinois;  Nye,  Wisconsin. 

Dalmanella  teBtndinaria  (Dalman).  Chazy-Lorraiue  (Ord.). 

Ortbis  testudinaria  Dalman,  Kongl.  Svenska  Vet.-Akad.  Handl.,  for  1827,  1828, 
p.  115,  pi.  2,  fig.  4.— Conrad,  Ann.  Rep.  Geol.  Survey  New  York,  1839,  p.  63.— 
Hall,  Pal.  New  York,  I,  1847,  p.  117,  pi.  32,  fig.  1;  p.  288,  pi.  79,  fig.  4.— BU- 
lings,  Canadian  Nat.  Geol.,  1, 1856,  p.  40,  fig.  1. — Rogers,  Geol.  Pennsylvania, 
II,  Pt.  II,  1858,  p.  818,  tig.  601.— Billings,  Geol.  Canada,  1863,  p.  165,  fig. 
144.— Miller,  Cincinnati  Quart.  Jour.  Sci.,  II,  1875,  p.  20.— Wbitfield,  Geol. 
Wisconsin,  IV,  1882,  p.  258,  pi.  12,  figs.  5-7.— Hall,  Second  Ann.  Rep.  New 
York  State  Geol.,  1883,  pi.  34,  figs.  1-4,  ^13.— Walcott,  Mon.  U.  S.  Geol.  Sur- 
vey, VIII,  1884,  p.  72,  pi.  11,  fig.  10.— Sardeson,  American  Geol.,  XIX,  1897, 
p.  92. 

Ortbis  striatula  Emmons,  Geol.  New  York ;  Rep.  Second  Dist.,  1842,  p.  394, 1\g.  3. 

Ortbis  testudinaria?  Emmons,  Ibidem,  1842,  p.  404,  fig.  4.— Wbite,  Wheeler's 
Expl.  Survey  west  100  Merid.,  IV,  1875,  p.  72. 

Ortbis  dlsparilis  Owen  (non  Conrad),  Geol.  Survey  Wisconsin,  Iowa,  Minnesota, 
1^2,  pL  2B,  fig.  23  (see  speoimens  U.  S.  Nat.  Mus.,  Cat.  Invert.  Foes.,  17887). 
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Dabsanella  teftadinaria  (Dalman) — Continued. 

Dalmanella  testndinaria  Hall  and  Clarke,  Pal.  New  York,  VIII,  Ft.  I,  1892,  pp. 
190,  206,  218,  224,  pi.  6B,  figs.  27-39. 

Orthis  rogata  Saideson,  Bull.  Minneeota  Acad.  Nat.  Sci.,  Ill,  1892,  p.  331,  pi.  5, 
figs.  1-4;— i^merican  Geol.,  XIX,  1897,  p.  96,  pi.  4,  figs.  1-10. 

Orthis  (Dalmanella)  testndinaria  Winchell  and  Schaobert,  Minnesota  Geol.  Sur- 
vey, III,  1893,  p.  441,  pi.  33,  figs.  17-22.— Whiteaves,  Pal.  Foss.,  Ill,  Pt.  Ill, 
1897,  pp.  177,  241. 

Loe,  Enrope ;  throughout  the  extent  of  the  formations  in  America. 

Dahnanella  teftadinaria  emacerata  Hall.  Utica  (Ord.). 

Orthis  emacerata  Hall,  Thirteenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1800, 
p.  121;— Fifteenth  Rep.  Ibidem,  1862,  pi.  2,  figs.  1-3.— Billings,  Canadian 
Nat.  Geol.,  YII,  1862,  p.  393.— Miller,  Cincinnati  Quart.  Jour.  Bci.,  II,  1875, 
p.  24.— Hall,  Second  Ann.  Rep.  New  York  State  Geol.,  1883,  pi.  34,  figs.  14, 
15. — Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  58. — Sardeson,  American  Geo!., 
XIX,  1897,  p.  102,  pi.  5,  figs.  14,  18,  28. 

Orthis  cyclns  James,  Cincinnati  Quart.  Jour.  Sci.,  I,  1874,  p.  19. 

Dahnanella  emacerata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp. 
207,  224,  pi.  5C,  figs.  1,  2. 

Orthis  macrior  Sardeson,  Bull.  Minnesota  Acad.  Nat.  Sci.,  Ill,  1892,  p.  330,  pi.  5, 
figs.  5-7. 

Orthis  (D.)  testndinaria  var.  emacerata  Winchell  and  Schuchert,  Minnesota  Geol. 
Survey,  III,  1893,  p.  445,  pi.  33,  figs.  23,  24. 

Loo.  Cincinnati,  Ohio;  Spring  Valley  and  Granger,  Minnesota;  Cape  Girardeaa, 
Missouri;  St.  Croix,  Queliec,  Canada. 

Dalmanella  tettudinaria  Aitilis  (Sardeson).  Trentou  (Ord.). 

Orthis  futilis  Sardeson,  American  Geol.,  XIX,  1897,  p.  104,  pi.  5,  figs.  25-27. 
Loc.  Near  Granger  and  Wykoif,  Minnesota. 

Babnanella  testadinaria  ignota  (Sardeson).  Lorraine  (Ord.). 

Orthis  ignota  Sardeson,  American  Geol.,  XIX,  1897,  p.  99,  pi.  5,  figs.  1-7. 
Loc.  Near  Spring  Valley,  Minnesota. 

BabnaneUa  testndinaria  meeld  (Miller).  Lorraine  (Ord.). 

Orthis  emacerata  Meek  (non  Hall),  Pal.  Ohio,  I,  1873,  p.  109,  pi.  8,  figs.  1,  2 
Orthis  meeki  Miller,  Cincinnati  Quart.  Jonr.  Sci.,  II,  1875,  p.  20.->Sardeson, 

American  Geol.,  XIX,  1897,  p.  98,  pi.  4,  figs.  24-29. 
Orthis  jngosa  James,  The  Palipontologist,  4,  1879,  p.  31. 
Dalmanella  meeki  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  206, 

224,  pi.  5C,  fig.  3. 
Orthis  corpnlenta  Sardeson,  Bull.  Minnesota  Acad.  Nat.  Sci.,  Ill,  1892,  p.  330, 

pi.  5,  figs.  8-10;— American  Geol.,  XIX,  1897,  p.  101,  pi.  4,  figs.  11-19. 
Orthis  (D.)  testndinaria  var.  meeki  Winchell  and  Schuchert,  Minnesota  Geol. 

Survey,  III,  1893,  p.  445,  pi.  33,  figs.  25-29. 
Loe.  Oxford,  etc.,  Ohio;  Spring  Valley,  Minnesota. 

Dalmanella  testndinaria  mnltiseota  (Meek).  Utica  (Ord.). 

Orthis  emacerata  var.  mnltisecta  (James  MS.)  Meek,  Pal.  Ohio,  1, 1873,  p.  112, 

pi.  8,  fig.  3.— Miller,  Cincinnati  QuaTt.  Jour.  Sci.,  II,  1875,  p.  22. 
Orthis  mnltisecta  Sardeson,  American  Geol.,  XIX,  1897,  p.  97,  pi.  4,  figs.  20-23. 
Dalmanella  mnltisecta  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp. 

207,224. 
Loc,  Cincinnati,  Ohio. 

Dalmanella  testndinaria  porrecta  (Sardeson).  Trenton  (Ord.). 

Orthis  porrecta  Sardeson,  American  Geol.,  XIX,  1897,  p.  104,  pi.  5,  figs.  19-24. 
Loc.  Near  Granger,  Minnesota. 
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DELTHTSIS  Dalman.  Genotype  Delthyris  elevata  Dalman. 

Delthyris  Dalman,  Kongl.  Svenska  Vet.-Akad.  Handl.,  for  1827, 1828,  pp.  93, 99.- 
Dall,  American  Jour.  Conch.,  VI,  1870,  p.  116.— Hall  and  Clarke,  Pal.  New 
York,  VIII,  Pt.  II,  1893,  pp.  9  and  16  under  caption  Septati  (non  p.  19). 

Spirifera  <'lamello8a"  HaU,  Ninth  Ann.  Rep.  New  York  State  Geol.,  1890,  p.  11. 

Obf,  Specimens  of  D.  elevata  examined  by  the  writer  show  a  distinct  median 
septum  in  the  ventral  valve. 

Delthyris  acanthoptera  Conrad=Spirifer  acanthoptems. 

Delthyris  acanthota  nall=Spirifer  disjanctns. 

Delthyris  acnmlData  Conrad =Spirifer  acnminatus. 

Delthyris  acuminata  Hall  (non  Conrad) =D.  mesicostalis. 

Delthyris  aontilirata  Conrad =Platystrophia  acntilirata. 

Delthyris  arenaria  yannxem=Splrifer  areuosas. 

Delthyris  arenosa  Conrad=Spirifer  arenosas. 

Delthyris  andacula  Conrad =Spirifer  audaculns. 

Delthyris  bialveata  Conrad =Spirlfer  radiatus. 

Delthyris  biloba  Conrad =Bilobite8  varicns. 

Delthyris  brachynota  Hall=Platy8trophia  biforata. 

Delthyris  chemungensis  Conrad=Spirifer  disjunctus. 

Delthyris  congesta  Hall=Spirifer  granulosus. 

BelthyriB  consobrina  (d'Orbigny).  Hamilton  (Dev.). 

Delthyris  ziozac  Hall  (non  Roemer),  Geol.  New  York;  Rep.  Fourth  Dist.,  1843, 
p.  200,  fig.  5. 

Spirifera  consobrina  d*Orhigny,  Prodrome  Pal.,  1, 1850,  p.  98. — Miller,  N.  Ameri- 
can Geol.  Pal.,  1889,  p.  372. 

Spirifer  olio  Hall,  Thirteenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1860,  p.  94. 

Spirifera  ziczac  Hall,  Pal.  New  York,  IV,  1867,  p.  222,  pi.  35,  figs.  15-23  ;--SeooDd 
Ann.  Rep.  New  York  State  Geol.,  1883,  pi.  59,  fig.  9;  pi.  60,  fi£.  18.— Whit- 
field, Annals  New  York  Acad.  Sci.,  V,  1891,  p.  554,  pi.  11,  fig.  13;— Geol. 
Ohio,  VII,  1895,  p.  448,  pi.  7,  fig.  13. 

Spiriferinaf  ziczac  Whitfield,  Geol.  Wisconsin,  IV,  1882,  p.  332,  pi.  25,  figs.  23, 24. 

Spirifer  consobrinus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi.  31, 
figs.  9, 18;  pi.  37,  figs.  9,  10. 

Loc,  Moscow,  York,  Darien,  etc..  New  York;  Columbus,  Ohio;  Milwaukee,  Wis- 
consin; LouisviUe,  Kentucky. 

Delthyris  cuspidata  Hall= Spirifer  disjnnctns. 
Delthyris  decemplicatus  nall=:D.  sulcata. 
Delthyris  disjuncta  Hall=Spirirer  disjanctas. 
Delthyris  duodenaria  Hall = Spirifer  duodenarius. 
Delthyris  duplicata  Oonrad= Spirifer  duplicatus. 
Delthyris  eumteines  Owen= Spirifer  euruteines. 
Delthyris  expausa  Owen=Pterotheca  expansa,  a  Pteropod. 
Delthyris  fimbriata  Conrad =Eeticularia  finibriata. 
Delthyris  grannlifera  Hall = Spirifer  granulosus. 
Delthyris  granulosa  Conrad = Spirifer  granulosus. 
Delthyris  inermis  Hall = Spirifer  disjunctus. 
Delthyris  laevis  Hall=Reticularia  la^vis. 
Delthyris  lynx  Hall=Platystrophia  lynx  and  biforata. 
Delthyris  macronota  Hall=Spirifer  macronotus. 
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Delthyris  macroplenra  Oonrad=Spirifer  macroplenra. 
Delthyris  medialis  Hall=Spirifer  audaculus. 

IMthyiiB  menoofftalii  Hall.  Ithaca  and  Ghemang  (Dev.). 

Delthym  mesacosUlis  Hall,  G«oL  New  York;  Rep.  Fourth  Dist.,  1843,  p.  269, 

fig.  9. 
Delthyris  acnminata  Hall  (non  Conrad),  Ibidem,  1843,  p.  270,  &g.  5. 
Spirifera  mesacostaliB  Hall,  Pal.  New  York,  IV,  1867,  p.  240,  pi.  40,  figs.  1-^. 
Spirifera  mesacoatalisf  Hall,  Second  Ann.  Rep.  New  York  State  Geol.,  1883,  pi.  59, 

figs.  32-34. 
Spirifera  mesacostaiis  var.  aonminata  Hall,  Ibidem,  1883,  figs.  27-31. 
Spirifer  mesacostaiis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi.  34, 

figs.  32-34.— Kindle,  Bnll.  American  Pal.,  6, 1896,  p.  35. 
Loc.  Ithaca,  Philipebnrg,  Olean,  etc..  New  York. 

Delthyris  mesastrialis  Hall = Spirifer  mesistrialis. 
Delthyris  mucronata  Oonrads  Spirifer  pennatns. 
Delthyris  niagarensis  Conrad = Spirifer  uiagaraensis. 

Bdthjrris  perlamellosa  (Hall).  Lower  Helderberg  (Dev.). 

Spirifer  perlamellosa  Hall,  Tenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1857,  p. 

57,  figs.  1-6  on  p.  58;— Pal.  New  York,  III,  1859,  p.  201,  pi.  26,  figs.  1,  2.— 

Billings,  Geol.  Canada,  1863,  p.  957,  fig.  455.— Hall  and  Clarke,  Pal.  New 

York,  VIII,  Pt,  II,  1895,  pi.  35,  figs.  7-13. 
Delthyris  macroplenra  Rogers  (non  Conrad),  Qeol.  Pennsylvania,  II,  Pt.  II,  1858, 

p.  825,  tg.  643. 
Spirifera  perlamellosa  Meek  and  Worthen,  Geol.  Survey  Illinois,  III,  1868,  p.  384, 

pi.  7,  &g.  9.— Hall,  Second  Ann.  Rep.  New  York  State  Geol.,  1883,  pi.  60, 

figs.  &>13. 
Spirifera  i>erlamellosaf  Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  77. 
Loc.  Schoharie,  Carlisle,  etc..  New  York;  Cumberland,  Maryland ;  Pennsylvania; 
'   Square  Lake,  Maine;  Perry  County,  Missouri;  Decatur  County,  Tennessee. 

Delthyris  perlatns  Conrad = Spirifer  disjunctos. 
Delthyris  prolata  yanaxem= Spirifer  disjunctos. 
Delthyris  prora  Oonrad= Spirifer  acnminatas. 
Delthyris  radiatns  Hall= Spirifer  radiatns. 

DelthyriB  rariootta  Conrad.  Upper  Helderberg  (Dev.). 

Delthyris  raricoata  Conrad,  Jonr.  Acad.  Nat.  Sci.  Philadelphia,  VIII,  1842,  p.  262, 

pi.  U,  fig.  18. 
Delthyris  undulatus  Yanuxem,  Geol.  New  York;  Rep.  Third  Dist.,  1842,  p.  132, 

fig.  3. 
Spirifer  raricosta  Billings,  Canadian  Jour.,  VI,  1861,  p  258,  figs.  71-73  on  p.  259;— 

Geol.  Canada,  1863,  p.  372,  fig.  392.— Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII, 

1884,  p.  135,  pi.  4,  ^g.  2;  pi.  14,  fig.  12.-HaU  and  Clarke,  Pal.  New  York, 

VIII,  Pt.  II,  1895,  pi.  35,  figs.  5,  6, 14-17. 
tSpirifer  hesione  Billings,  Proc.  Portland  Soc.  Nat.  Hist.,  1863,  p.  117,  pi.  3, 

fig.  17. 
Spirifera  raricosta  HaU,  Pal.  New  York,  IV,  1867,  p.  192,  pi.  27,  figs.  30^34; 

pi.  30,  figs.  1-9.— Nicholson,  Pal.  Prov.  Ontario,  1873,  p.  82.— Billings,  Pal. 

Fossils,  II,  1874,  p.  47,  pi.  3A,  fig.  5.— Hall,  Second  Ann.  Rep.  New  York 

State  Geol.,  1883,  pi.  60,  figs.  14-17.— Nettelroth,  Kentucky  Fossil  Shells, 

Mem.  Kentucky  Geol.  Survey,  1889,  p.  128,  pi.  17,  figs.  38-42.    ^ 
Loe.  Schoharie,  Caledonia,  etc..  New  York;  Columbus,  Ohio;  Falls  of  Ohio; 

Eureka  district,  Nevada;  Port  Colborne,  Ontario;   Square  Lake,  Maine; 

Grand  Greve,  Gasp^. 
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Delthyris  rugatiDa  Courad=:D.  salcata. 

DelihyTiB(t)  nigiootta  (Dall).  Arisaig  (Sil.). 

Spirifera  rogsecoata  Hall,  Canadian  Nat.  Geol.,  V,  1860,  p.  145.— Dawson,  Acadiui 

Geol.,  Sd  ed.}  1878,  p.  596. 
Loc.  Arisaig,  Nova  Scotia. 

DelthyiiB  BonlptiliB  Hall.  Hamilton  (Dev.). 

Delthyris  soulptilis  Hall,  Geol.  New  York;  Rep.  Fourth  Dist.,  1843,  p.  302. 
Spirifera  scnlptilisf  Billings,  Canadian  Jour.,  VI,  1861,  p.  262,  fig.  79. 
Spirifera  scuiptilis  Billings,  Geol.  Canada,  1863,  p.  386,  fig.  423.— Hall,  Pal.  New 

York,  lY,  1867,  p.  221,  pi.  35,  figs.  10-14. —Nettelroth,  Kentaoky  FossU  Shells, 

Mem.  Kentucky  Geol.  Surrey,  1889,  p.  132,  pi.  31,  fig.  13. 
Spirifer  scuiptilis  Hall  and  Clarke,  Pal.  New  York,  YIU,  Pt.  II,  1895,  pi.  37, 

fig.  8. 
Loc.  Ludlowville,  York,  etc..  New  York;  Monroe  County,  Pennsylvania;  Boean- 

quet,  Ontario;  Falls  of  Ohio. 

Delthyris  sinuatas  Hall=Bilobite8  bilobus. 
Delthyris  staminea  Hall=Spirifer  crispns. 

DelthyiiB  sulcata  Hisinger.  Niagara  (SiL). 

Delthyris  sulcata  Hisinger,  Petref.  Sueoica,  1887,  p.  73,  pi.  21,  &g.  8. 

Delthyris  rugatina  Conrad,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  VIII,  1842,  p.  261. 

Delthyris  decemplicatus  Hall,  Geol.  New  York ;  Rep.  Fourth  Diet.,  1843,  p.  105, 
fig.  4. 

Spirifer  snlcatus  Hall,  American  Jour.  Sci.,  XX,  1849,  p.  228;— Pal.  New  York, 
II,  1852,  p.  261,  pi.  54,  fig.  2.— Billings,  Canadian  Nat.  GeoL,  1, 1856,  p.  137, 
pi.  2,  fig.  7.— Hall,  Second  Ann.  Rep.  New  York  State  Geol.,  1883,  pi.  60, 
figs.  1^.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi.  36,  figs.  1-4, 

Loc,  Europe;  Lockport,  Rochester,  etc..  New  York;  Hamilton,  Ontario. 

06«.  Davidson  regards  this  species  as  synonymous  with  D.  elevata  Dalman,  1828. 

Delthyris  andiilatus  Vanuxem=D.  raricosta. 
Delthyris  varica  Conrad  ^Bilobites  variens. 
Delthyris  ziczac  Hall=D.  consobrina. 

DEBBTA  Waagen.  Genotype  Derbya  regalaris  Waagen. 

Derbyia  Waagen,  Palseontologica  Indica,  Ser.  XIII,  1, 1884,  pp.  576,  591. 
Derbya  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  261 ;— EleTenih 
Ann.  Rep.  New  York  State  Geologist,  1894,  p.  286. 

Derbya  af&nis  Hall  and  Clarke.  Upper  Carboniferoas. 

Derbya  affinis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  349,  pi.  IIB, 

figs.  4,  5. 
Loc.  Near  Kansas  City,  Missouri. 

Derbya  bennetti  Hall  and  Clarke.  Upper  Carboniferous. 

Derbya  bennetti  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  263,348, 

pi.  IIA,  figs.  34^39. 
Loc.  Near  Kansas  City,  Missouri. 

Derbya  biloba  Hall.  Upper  Carboniferoas. 

StreptorhynchuB  biloba  Hall,  Second  Ann.  Rep.  New  York  State  Geol.,  1883,  pi. 

41,  figs.  4,  5. 
Derbya  biloba  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  360,  pi.  11, 

figs.  4,  5. 
Loo.  Winterset,  Iowa. 
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Derbya  broadheadi  Hall  aud  Clarke.  Upper  Carbouilerous. 

Derbya  broadheadi  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  263, 

347,  pi.  IIA,  tigs.  23,24. 
Loc.  Near  Kansao  City,  Missoari. 

Derbya  correanuB  (Derby).  Upper  Carboniferous. 

Streptorhynchns  correanua  Derby,  Ball.  Cornell  Univ.,  I,  1874,  p.  32,  pi.  G,  tig. 

11;  pi.  7,  figs.  1-4,  8,  10,  11-14,  17.— Hall,  Second  Ann.  Rep.  New  York  State 

Geol.,  1883,  pi.  41,  tigs.  18-22. 
Derbya  correanus  Waagen,  Pabuontologica  Indica,  8er.  XIII,  I,  1884,  p.  592. 
Derbya  correana  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  262,  pi. 

11,  figs.  18-22;  pi.  20,  figs.  10,  11. 
Loc.  Itaitnba,  Brazil. 

Derbya(t)  costatnla  Hall  and  Clarke.  Kaskaskia  (L.  Carb.). 

Derbya?  costatula  Hall  and  Clarke,  Pal.  New  York,  VUI,  Pt.  I,  1892,  p.  346,  pi. 

IIB,  figs.  16,  17. 
Loc.  Crittenden  County,  Kentucky. 

Derbya  crassa  (Meek  aud  Hayden).  Upper  CarboDiferous. 

Orthis  arachnoides  Uoumer  (nou  Phillips),  Kreidebildung  Texas,  1852,  p.  89,  pi. 

11,  fig.  9.— HaH,  Mexican  Bound.  Survey,  1857,  pi.  20,  fig.  3. 
Orthisina  crassa  Meek  and  Hayden,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1858, 

p.  261. 
Orthis    lasallensis   McChesney,  Descriptions  New  Pal.  Fossils,  1860,  p.  32; — 

Ibidem,  1865,  pi.  1,  fig.  6. 
Orthis  richmonda  McChesney,  Descriptions  New  Pal.  Foss.,  1860,  p.  32; — Ibidem, 

1865,  pi.  1,  tig.  5. 
Hemipronites  crassus  Meek  and   Hayden,  Pal    Upper  Missouri,  Smithsonian 

Cont.  Kuowl.,  XIV,  172,  1864,  p.  26,  pi.  1,  fig.  7.— Meek,  Final  Rep.  U.  S. 

Geol.  Survey  Nebraska,  1872,  p.  174,  pi.  5,  fig.  10;  pi.  8,  fig.  1.— Meek  and 

Worthen,  Geol.  Survey  lUinois,  V,   1873,  p.  570,  pi.  25,  fig.  12.— Herrick, 

Bull.  Deuison  Univ.,  II,  1887,  p.  50,  pi.  2,  fig.  19. 
Orthis  crenistrij.  Geiuitz  (uon  Phillips),  Carbon  u.  Dyas  in  Nebraska,  1866,  p.  46, 

pi.  3,  figs.  2Vy  21. 
Hemipronites  lasallensis  McChesney,  Trans.  Chicago  Acad.  Sci.,  I,  1868,  p.  28, 

pi.  1,  fig.  6. 
Hemipronites  richmonda  McChesney,  Trans.  Chicago  Acad.  Sci.,  I,  1868,  p.  28, 

pi.  1.  fig.  5. 
Hemipronites  creuistria  White,  Wheeler's  Expl.  Survey  west  100  Jilerid.,  IV, 

187.-,  p.  124,  pi.  10,  fig.  9. 
Streptorhynchns  richmondi  Hall,  Second  Ann.  Rep.  New  York  State  Geol.,  1883, 

pi.  40,  figs.  10,  11. 
Hemipronites  crassa  White,  Thirteenth  Rep.  State  Geol.  Indiana,  1881,  p.  120, 

pi.  26,  figs.  4-11. 
Derbyia  crassa  Waagen,  Paheoutologica  Indica,  Ser.  XIII,  I,  1884,  p.  592.— Hall 

and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  262,  pi.  10,  figb.  10,  11;  pi. 

IIA,  figs.  28-33;  pi.  IIB,  tigs.  23,  21 ;  pi.  20,  figs.  12,  13.— Smith,  Proc.  Ameri- 
can Phil.  Soc,  XXXV,  1897,  p.  28  (extract). 
Streptorhynchns  creuistria  Keyes,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1888,  p. 

229;— Geol.  Survey  Missouri,  V,  1895,  p.  67,  pi.  38,  fig.  8. 
Streptorhynchns  crassum  Miller,  N.  American  (ieol.  Pal.,  1889,  p.  378. 
fStreptorhynchus  crassum  Whitfield,  Annals  New  York  Acad.  Sci.,  V,  1891,  p. 

580,  pi.  13,  figs.  11,  12;— Geol.  Ohio,  VII,  1893,  p.  468,  pi.  9,  figs.  11,  12. 
Loc.  Leavenworth,  Kansas;  Nebraska  City ,  Nebraska ;  Illinois;  Missouri;  lewa; 

Ohio;  Arkansas;  Utah;  Nevada;  northern  New  Mexico;  San  Saba  Valley, 

Texas. 
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Berbya  oymbnla  Hall  and  Clarke.  Upper  Carbooiferous. 

Derbya  cymbula  Hall  aod  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  348,  pi. 

IIB,  figs.  2,  3. 
Loc.  Near  Kansas  City,  MlBsoori. 

Derbya  kaskaskiaeuflis  (McOhesuey^).  Easkaskia  (L.  Carb.). 

Orthis  kaskaskieusis  McChesuey,  Descriptions  New  Pal.  Fobs.,  1860,  p.  31. 
Derbya  kaskaskiensis  Hall  and  Clarke,  Pal.  New  York,  YIII,  Pt.  I,  1892,  pi. 

IIB,  f\R,  6. 
Loc.  Kaskaskia,  Chester,  and  Crittenden,  Illinois. 

Derbya  keokok  Hall.  Kjiobstone- Keokuk  (L.  Carb.). 

Ortbis  cronistria  Yamlell  and  Sbuniard,  Cont.  Geol.  Kentucky,  1847,  pp.  19,  21. 
Ortbis  keokiik  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  640,  pi.  19,  tig.  5.— 

Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  63. 
Streptorhyncbus  keokuk  Hall,  Second  Ann.  Rep.  New  York  State  Geol.,  1883,  pi. 

41,  figs.  1-3. 
Streptorbyncbus  crenistria  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  279, 

pi.  18,  fig.  14. 
Derbya  keokuk  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  262,  pi.  11, 

tigs.  1-3. 
Loc.  Keokuk,  Iowa;  Warsaw  and  Nauvoo,  Illinois;  New  Providence,  Indiana; 

Clark  County,  Missouri ;  Nevada. 

Derbya  pratteni  (McChesney).  Upper  Carbon  if  eroas. 

Ortbis  pratteni  McCbesuey,  Descriptions  New  Pal.  Fobs.,  1860,  p.  33. 
Loo.  Cbarbouier,  Missouri. 

Derbya  roboflta  (Hall).  Upper  CarboDiferous. 

Ortbis  umbraculum ?  Owen  (non  Scblotb.),  Geol.  Survey  Wisconsin,  Iowa,  Min- 
nesota, 1852,  pi.  5,  tig.  11  (see  specimens  in  U.  S.  Nat.  Mus.,  Cat.  Invert. 
Fobs.,  17945). 

Ortbis  robusta  Hall,  Geol.  Survey  Iowa,  I,  Pt.  11,  1858,  p.  743,  pi.  28,  fig.  5. 

Streptorbyncbus  robusta  Hall,  Second  Ann.  Rep.  New  York  State  Geol.,  1883, 
pi.  40,  tigs.  12-17. 

Derbyia  robusta  Waagen,  Palteontologica  ludica,  Ser.  XIII,  1, 18S4,  p.  592. — Hall 
and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  262,  pi.  10,  tigs.  12-17;  pi. 
IIB,  figs.  7,  8. 

Loc.  St.  Clair  Count}',  Illinois. 

Derbya  mginosa  Hall  and  Clarke.  Keokak  (L.  Carb.). 

Derbya  ruginosa  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  346,  pi. 

IIA,  tigs.  25-27. 
Loo.  New  Providence,  Indiana. 

Dicellomus  TIall=Obolella. 
Dicellomus  crassa  Hall=Obole]la  crassa. 
Dicellomus  polita  Hall=Obolella  polita. 
Diccelosia  KiDg=Bilobites. 
Dicraniscus  Meek==Triplecla. 
DicraniscuB  ortoni  Meek=Triplecia  ortoni. 

DICTTONELLA  Hall.  Genotype  Rhynchonella?  reticulata  Hall. 

Diotyonella  Hall,  Twentieth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1867,  p.  274. 

Eiobwaldia  Hall,  Ibidem,  1867,  pp.  274-277,  witb  tigs.— Dall,  American  Jonr. 
Concb.,  VI,  1870,  p.  98.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893, 
p.  307;— Tbirteentb  Ann.  Rep.  New  York  State  Geologist,  1895,  p.  903. 
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Dictyonella  antiooftiensis  (Billings).  Anticosti  (SiL). 

Eichwaldia  aDticoBtleusia  BilliDg8|  Catalogue  Sil.  Foss.  Anticosti,  1866,  p.  10. 
Loe.  Anticosti. 

Dictyonella  concikuia  Hall.  fNiagara  (Sil.). 

Eichwaldla  conciuna  Hall,  Twentieth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1867, 

p.  278.— Hall  and  Clarke,  Pal.  New  York,  VllI,  Pt.  II,  1895,  pi.  83,  fig.  5. 
Loc,  Vercj  and  Decatur  counties,  Tennessee. 

Dictyonella  corallifera  Hall.  Niagara  (Sil.). 

Atrypa  corallifera  Hall,  Pal.  New  York,  II,  1852,  p.  281,  pi.  58,  fig.  5. 
Eichwaldla  coraUlfera  Hall,  Twentieth  Rep.  New  York  State  Cab.  Nat.  Hist., 

1867,  p.  278. 
Lac,  Lockport  and  Rochester,  New  York. 

Dictyonella  gibbosa  Hall.  Niagara  (Sil.). 

Eichwaldla  gibbosa  Hall,  Twentieth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1867, 
p.  278.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi.  83,  figs.  6,  7. 
Loc.  Perry  and  Decatur  counties,  Tennessee. 

Dictyonella  reticulata  Hall.  Niagara  (Sil.). 

Rhynchonellaf  reticulata  Hiill,  Trans.  Albany  Institute,  IV,  1863,  p.  217. 

Eichwaldla  reticulata  Hall,  Twentieth  Rep.  New  York  State  Cab.  Nat.  Hist., 
1867,  pp.  275-277,  figs.  1-7 ;— Twenty-eighth  Rep.  Ibidem,  1879,  p.  169,  pi.  26, 
figs.  50-54;— Eleventh  Rep.  State  Oeol.  Indiana,  1882,  p.  312.pl.  26,  figs. 
50-54.— Foerste,  Bull.  Denison  irniv.,  I,  1885,  p.  91,  pi.  13,  fig.  4.— Beecber 
and  Clarke,  Mem.  New  York  State  Mus.,  1, 1889,  p.  31,  pi.  3,  figs.  11  -13.— Hall 
and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  308,  figs.  229-235;  pi.  83,  figs. 
8-13.— Foerste,  Geol.  Ohio,  VII,  1895,  p.  594,  pi.  25,  fig.  4. 

Loc.  Waldron,  Indiana;  Dayton,  Ohio;  Wisconsin. 

DIELASMA  King.  Genotype  Terebratnlites  elongatus  Schlotheim. 

Epithyris  King  (non  Phillips),  Mon.  Permiuu  Foss.,  Pal.  Soc,  1850,  p.  46. — Dall, 

American  Jour.  Conch.,  VI,  1870,  p.  103. 
Dielasma  King,  Proc.  Dublin  Univ.  Zool.  Hot.  Assoc,  I,  1859,  p.  260.— Beecher 

and   Schuchert,  Biol.  8oc.   Washington,  VIII,  1803,  pp.  71-82.— Hall  and 

Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  293 ;— Thirteenth  Ann.  Rep.  New 

York  State  Geologist,  1895,  p.  863. 

Dielaama  bovidens  (Morton).  Upper  Carboniferous. 

Terebratula  bovidens  Morton,  American  Jour.  Sci.,  XXIX,  1836,  p.  150,  pi.  2,  fij;. 

4.— Meek,  Final  Rep.  U.  S.  Geol.  Survey,  Nebraska,  1872,  p.  187,  pi.  1,  fig. 7; 

pi.  2,  fig.  4.— Meek  and  Worthen,  Geol.  Survey  Illinois,  V,  1873,  p.  572,  pi.  25, 

fig.  15.— White,  Thirteenth  Rep.  State  Geol.  Indiana,  1884,  p.  137,  pi.  32,  figs. 

17-19.— Keye.H,  Geol.  Survey  Missouri,  V,  1895,  p.  105. 
Terebratula  bovidens f  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  711.— McChes- 

ney.  Trans.  Chicago  Acad.  Sci.,  I,  1869,  p.  37,  pi.  1,  fig.  2. 
Terebratula  millipunctata  Hall,  Expl.  Surveys  R.  R.  Route  MIhs.  River,  Pacific 

Ocean,  HI,  1856,  p.  101,  i)l.  2,  figs.  1,  2;— Trans.  Albany  Institute,  IV,  1858, 

p.  35.— Meek  and  Hayden,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1859,  p.  26. — 

White  and  St.  John,  Trans.  Chicago  Acad.  Sci.,  I,  1868,  p.  119. 
Terebratula  elongata  Shumard  (non  Schlotheim),  Trans.  St.  Louis  Acad.  Sci.,  I, 

1859,  p.  392. 
Terebratula  geniculosa  McChesney,  Descriptions  New  Pal.  Foss.,  1861,  p.  82; — 

Ibidem,  1865,  pi.  1,  fig.  2. 
Dielasma  f  bovidens  White,  Wheeler's  Expl.  Survey  west  100  Merid.,  Prel.  Rep., 

1874,  p.  21. 
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Dielasma  bovidens  (Morton) — GontiDaed. 

Terebratala  (Dielasma)  boyidens  White,  Ibidem,  Final  Rep.,  IV,  1875,  p.  144, 
pi.  11,  fig.  10. 

Terebratnia  hastata  Walcott  (aon  Sowerby),  Hon.  U.  S.  Geol.  Sitrvey,  VIII, 
1884,  p.  224.— Smith,  Proo.  American  Phil.  Soc,  XXXV,  1897,  p.  30. 

Dielasma  bovidens  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  295, 
296,  fig.  213;  pi.  81,  figs.  29-35. 

Loc,  Putnam  Hill,  Ohio;  Indiana;  Illinois;  Missouri;  Iowa;  Nebraska;  Arkan- 
sas; New  Mexico;  Eureka  district,  Nevada;  Guadalupe  Mountains,  Texas. 

Dielasma  burlingtonense  White.  Kindcrhook  (L.  Garb.). 

Terebratula  burlingtonensa  White,  Jour.    Boston  Soc.  Nat.  Hist.,  VII,  1860. 

p.  228. 
Terebratula  (Dielasma)  burlingtonensis  White,  Wheeler's  Kxpl.  Survey  west 

100  Merid.,  IV,  1875,  p.  93. 
Dielasma  burlingtonensis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1883,  p. 

296,  pi.  81,  figs.  9-11. 
Xoc.  Burlington,  Iowa;  Mountain  Spring,  Nevada. 

Dielasma  calvini  (Hall  aud  Whitfield).  Ghcmang  (Dev.). 

Crpytonella  eudora  Hall  and  Whitfield  (non  Hall,  1867),  Twenty-third  Rep.  New 

York  State  Cab.  Nat.  Hist.,  1873,  p.  225. 
Cryptonella  calvini  Hall  and  Whitfield,  Ibidem,  1873,  p.  239. 
fCryptonella  calvini  Whiteaves,  Cout.  Canadian  Pal.,  I,  1891,  p.  235. 
Dielasma  calvini  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  296,  pi. 

80,  figs.  20-22. 

Loc.  Hackberry  Grove,  Iowa;  Mackenzie  aud  Peace  rivers,  Canada. 

Dielasma  formosnm  Hall.  Warsaw  (L.  Garb.). 

Terebratula  formosa  Hall,  Trans.  Albany  Institute,  IV,  1858,  p.  7.— Whitfield. 
Bull.  American  Mus.  Nat.  Hist.,  I,  1882,  p.  55,  pi.  6,  figs.  59-64.— White, 
Eleventh  Rep.  State  Geol.  Indiana,  1883,  p.  361,  pi.  39,  figs.  6-8.— Hall, 
Twelfth  Rep.  Ibidem,  1883,  p.  337,  pi.  29,  figs.  59-64. 

Dielasma  formosa  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  296,  pi. 

81,  figs.  12-26. 

Loo.  Bloomington  and  Spergen  Hill,  Indiana;  Alton  and  Warsaw,  Illinois ;  Cald- 
.  well  County,  Kentucky. 

Dielasma  gorbyi  (Miller).  Keokuk  (L.  Garb.). 

Terebratula  gorbyi  Miller,  Seventeenth  Rep.  State  Geol.  Indiana,  1891,  p.  77, 

pi.  13,  figs.  3,  4. 
Loc.  Edwardsville  and  Crawfordsville,  Indiana. 

Dielasma  hoohstetteri  (Toula),  Upper  Garboniferous. 

Terebratula  hochstetteri  Toula,  Sitzb.  der  k.  k.  Akad.  der  Wissensch.  zn  Wieo, 

LIX,  1869,  p.  1,  pi.  1,  fig.  1.— Derby,  BuU.  Cornell  Univ.,  1, 1874,  p.  63. 
Loc.  Near  Cochabamba,  Bolivia. 
01)8.  Probably  synonymous  with  D.  bovidens  (Morton). 

Dielasma  itaitubaense  (Derby).  Upper  Garboniferous. 

Terebratula  itaitnbeusis  Derby,  Bull.  Cornell  Univ.,  I,  1874,  p.  1,  pi.  2,  figs.  1,3. 

8,  16;  pi.  3,  fig.  24;  pi.  6,  fig.  15. 
Dielasma  itaitubensis  Waagen,   Paheontologica  Indica,  Ser.  XIII,  I,  1882,  p. 

348.~de  Kouinck,  Annales  du  Mus^e  Royal  d'Histoire  Natorelle  de  Beigique, 

XIV,  1887,  p.  26,  pi.  5,  figs.  1-10,  45,  50. 
Loc.  Beach  at  Itaituba,  Brazil;  Belgium. 
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Bielasma  oboyatom  Hall  and  Clarke.  flTpper  Carboniferoas. 

Dielasnia  ol»ovata  Hall  and  Clarke,  Pal.  New  York.  VIII,  Pt.  II,  1895,  pi.  81, 

figs.  38-40. 
Loc.  Kentucky. 

Dielanna  ocddentale  (Miller).  Chouteau  (L.  Garb.). 

Terebratula  occidentalia  Miller,  Eighteenth  Ann.  Rep.  Qeol.  Survey  Indiana, 

1894,  p.  313,  pi.  9,  figs.  10-13. 
Loc.  Sedalia,  Missonri. 

Dielaama(t)  rowleyi  (Worthen).  Burlington  (L.  Garb.). 

Terebratnla  rowleyi  Worthen,  Bull.  Illinois  State  Mus.  Nat.  Hist.,  2, 1884,  p.  23  ;— 

Geol.  Survey  Illinois,  VIII,  1890,  p.  102,  pi.  11,  fig.  6.— Keyes,  Cieol.  Survey 

Missouri,  V,  1895,  p.  105,  pi.  40,  fig.  15. 
Dielasnia  rowleyi  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  296, 

pi.  81,  figs.  27,  28. 
Loc.  Pike  County,  Missouri. 

Bielaima  sacoulas  (Martin).  Upper  Carboniferous. 

Conchyliolithus  anomites  sacculus   Martin,  Petref.  Derbesiana,  180lf,  tab.  46, 

tigs.  1,  2. 
Terebratnla  sacculus  Dawson,  Acadian  Geol.,  1855,  p.  219,  fig.  27. — Davidson, 

Quart.  Jour.  Geol.  Soc.  Londou,  XIX,  1863,  p.  169,  pi.  9,  figs.  1-3.— Dawson, 

Acadian  Geol.,  3d  ed.,  1878,  p.  289,  fig.  87. 
Loc,  Europe;  Windsor.  Nova  Scotia. 

Dielasma  shumardiannm  (Miller).  Kaskaskia  (L.  Garb.). 

Terebratnla  arcuata  Swallow  (non  Roemer,  1840),  Trans.  St.  Louis  Acad.  S<:i.,  II, 

1863,  p. 83.— Meek,  Sixth  Ann.  Rep.  11.  S.  Geol.  Survey  Terr.,  1872,  p.  470. 
Terebratnla  shumardana  Miller,  American  Pal.  Foss.,  2d  ed.,  1883,  p.  299. 
Loc.  St.   Genevieve  County,   Missouri;  Chester,  Illinois;    near  Virginia  City, 

Montana. 
Obs.  Regarded  by  Meek  and  White  as  probably  synonymous  with  D.  bovidens 

(Morton). 

Bielasma  torgidum  (Hall).  Warsaw  and  St.  Louis  (L.  Garb.). 

Terebratnla  turglda  Hall,  Trans.  Albany  Institute,  IV,  1858,  p.  6.— Whitfield, 

Bull.  American  Mus.  Nat.  Hist.,  I,  1882,  p.  54,  pi.  6,  figs.  53-58.— Hall,  Twelfth 

Rep.  State  Geol.  Indiana,  1883,  p.  336,  pi.  29,  figs.  53-58.— Whitfield,  Annals 

New  York  Acad.  Sci.,  V,  1891,  p.  586,  pi.  13,  figs.  21, 22;— Geol.  Ohio,  VII,  1895, 

p.  473,  pi.  9,  figs.  21,  22. 
Dielasma  turgida  Beecher  and  Sohuchert,  Proc.  Biol.  Soc.  Washington,  VIII, 

1893,  p.  73,  pi.  10,  figs.  1-6.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II, 

1893,  p.  296,  pi.  81,  figs.  1-8. 
Loc.  Bloomlngtou  and  Spergen  Hill,  Indiana;  Crittenden  County,  Kentucky; 

Maxville  and  Newtonville,  Ohio;  Alton  and  Warsaw,  Illinois;  Pella,  Iowa; 

Boonville,  Missouri. 

DIOHOMIA  Hall.  Genotype  Lingula  alveata  Hall. 

Dignomia  Hall,  Notes  on  some  New  or  Imperfectly  Known  Forms  among  the 
Brach.,  1872,  p.  2,  pi.  13,  fig.  3 ;— Twenty-third  Rep.  New  York  State  Cab. 
Nat.  Hist.,  1873,  p.  245,  pi.  13,  fig.  3.— Hall  and  Clarke,  Pal.  New  York,  VIII, 
Pt.  I,  1892,  pp.  14,  163;— Eleventh  Ann.  Rep.  New  York  State  Geologist,  1894, 
p.  230. 

IHgnomia  alyeata  Hall.  Hamilton  (Dev.). 

Lingula  alveata  Hall,  Sixteenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1863,  p. 
23;— Pal.  New  York,  IV,  1867,  p.  12,  pi.  2,  figs.  14, 15. 
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Dignomia  alyeata  Hall — Continued. 

Dignomia  alyeata  Hall,  Notes  on  some  New  or  Imperfectly  Known  Forms  among 

the  Brach.,  1872,  p.  2,  pi.  13,  fig.  3 ;— Twenty-third  Rep.  New  York  SUte 

Cab.  Nat.  Hist.,  1873,  pi.  13,  fig.  3.— Hall  and  Clarke,  Pal.  New  York,  VIII. 

Pt.  I,  1892,  p.  14,  pi.  1,  figs.  24, 26.— Clarke,  Thirteenth  Ann.  Rep.  New  Y'ork 

State  Geologist,  1895,  p.  187,  pi.  4,  fig.  1. 
Lor,  Canandnigiia  Lake,  etc..  New  York. 

DDfOBOLUS  Hall.  Genotype  Obolus  conradi  HalL 

Diuobolns  Hall,  Notes  on  some  Now  or  Imperfectly  Known  Forms  among  the 
Brach.,  (March)  1871,  p.  4;— Ibidem,  1872,  p.  4 ;— Twenty-third  Rep. 
New  York  State  Cab.  Nat.  Hist.,  1873,  p.  247.— Hall  and  Whitfield,  Pal. 
Ohio,  II,  1873,  p.  130.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892, 
pp.  36, 46,  lft4 ;— Eleventh  Ann.  Rep.  New  York  State  Geologist,  1894,  p.  237. 

Obolellina  Billings,  Canadian  Nat.  Geol.,  VI  (December)  1871,  p.  222; — Ibidem. 
VI,  1872,  p.  326,  figs.  1,2;— American  Joiir.  Sci.,  3d  ser..  Ill,  1872,  p.  270. 

Conradia  Hall  (non  Adams),  Twenty-third  Rep.  New  Vork  State  Cab.  Nat.  Hist  . 

1873,  p.  250. — Davidson  and  King,  Quart.  Jour.  Geol.  Soc.  London,  XXX, 
1874-,  p.  159. 

Dinobolus  canadaemds  (Billings).  Black  Biver  and  Trenton  (Ord.). 

Obolus  canadensis  HillingH,  Canadian  Nat.  Geol.,  Ill,  1858,  p.  441,  fig.  20-23  (non 
fig.  19  =  D.  magnifious) ; — Geol.  Survey  Canada;  Rep.  Prog,  for  1857, 1858,  |>. 
189,  figs.  20-23  (non  fig.  19);— Geol.  Canada,  1863,  p.  142,  figs.  75. 

Obolellina  canadensis  Billings,  Canadian  Nat.  Geol.,  VI,  1871,  p.  222; — Ibidem. 

1872,  p.  326,  fig.  15;  fii?.  6.  p.  329. 

Dinobolus  canadensis  Davidson  and  King,  Quart.  Jour.  Geol.  Soe.  London,  XXX, 

1874,  p.  162,  pi.  19,  fig.  7. 

Loc,  Pauquette  Rapids,  etc.,  Canada. 

Dinobolus  conradi  Hall.  Niagara  (Sil.). 

Obolus  conradi  Hall,  Twentieth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1868,  p. 

368,  pi.  13,  figs.  1,  2. 
Obolus  (Trimerella?)  conradi  Meek  and  Wortben,  Geol.  Survey  Illinois,  III,  1868, 

p.  351,  pi.  5,  fig.  7. 
Trimerella  conradi  Dnll,  American  Jour.  Conch.,  VII,  1871,  p.  83. 
Dinobolus  conradi  Hull,  Twenty-third  Rep.  New  York  State  Cab.  Nat.  Hist.. 

1873,  p.  247  (also  extracts  1871,  1872).— Davidson  and  King,  Qnart.  .Joor. 
Geol.  Soc.  London,  XXX,  1874,  p.  160,  pi.  18,  figs.  1-5.— Hall  and  Whitfield. 
Pal.  Ohio,  II,  1875,  p.  130,  pi.  7,  figs.  3,  4.— Hall  and  Clarke,  Pal.  New  York. 
VIII,  Pt.  I,  1892,  p.  38,  pi.  4B,  figs.  13-24. 

Loc,  Port  Byron,  IllinoiH;  Leclaire,  Iowa;  Racine  and  Grafton,  Wisconsin: 
Crawford,  Ohio;  England;  Gotland. 

DinoboluB  magniflcofl  (Billings).  Black  Biver-Trenton  (Ord.). 

Obolus  canadensis  Billings  (partim),  Geol.  Surv.  Canada,  Rep.  Prog,  for  1857, 1858, 

p.  189,  fig.  19  (non  20-23);— Canadian  Nat.  Geol.,  Ill,  1858,  p.  441,  fig.  19  (non 

figs.  20-23  ==D.  canadensis). 
Obolellina  magnificus  Billings,  Ibidem,  n.  ser.,  VI,  1872,  p.  329,  fig.  7. 
Dinobolus  magnificus  Davidson  and  King,  Quart.  Jour.  Geol.  Soc.  London,  XXX, 

1874,  p.  Ifrt,  pi.  19,  fig.  8.— Nicholson.  Pal.  Prov.  Ontario,  1875,  p.  17,  fig.  6. 
Loc.  Pauquette  Rapids,  etc.,  Canada. 

Dinobola8(?)  parvus  Whitfield.  Galena  (Ord.). 

Dinobolus  f  parvus  Whitfield,  Geol.  Wisconsin,  IV,  1882,  p.  347,  pi.  27,  figf. 

8-10.— Winchell  and  Schuchert,  Minnesota  Geol.  Survey,  III,  1893,  p.  2&&, 

fig.  27.— Whiteaves,  Pal.  Foss.,  lU,  Pt.  Ill,  1897,  p.  166. 
Loc,  Whitewater,  Wisconsin ;  Wykofi*,  Minnesota ;  Lake  Winnipeg,  Canada. 
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BINOBTHIS  Hall  and  Clarke.       Genotype  Orthis  pectinella  Emmons. 

.  Dinorthia  Hall  and  Clarke,  Pal.  New  York,  VUI,  Pt.  1, 1892,  pp.  195,  222.— Win- 
chell  and  Schnchert,  Minnesota  Oeol.  Survey,*  III,  1893,  p.  420. 

Pljpsiomys  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  196. 

Dinorthis  and  Plifsiomys  Hall  and  Clarke,  Eleventh  Ann.  Rep.  New  York  State 
Geologist,  1894,  p.  266. 

Dinorthis  deflecta  (Conrad.)  Trenton  (Ord.). 

Stropbomena  deflecta  Conra<1,  Proc.  Acad.  Nat    Sci.  Philadelphia,  I,  1843,  p. 

332.—Hall,  Twelfth  Kep.  New  York  State  Cab.  Nat.  Hiat.,  1859,  p.  70. 
Stropbomena  recta  Conrad,  Proc.  Acad.  Xat.  Sci.  Philadelphia,  I,  1843,  p.  332. — 

HaU,  Twelfth  Rep.  New  York  State  Cab.  Nat.  Hist.,  ia59,  p.  70. 
Leptiena  deflecto  Hall,  Pal.  New  York,  1, 1847,  p.  113,  pi.  31B,  fig.  5. 
Lepta^na  recta  Hall,  Ibidem,  1847,  p.  113,  pi.  31 B,  fig.  6. 
Streptorhynchus  reetns  Miller,  American  Pal.  Fose.,  1877,  p.  134. 
StreptorhynchuH  defiectum  Miller,  N.  American  Geol.  and  Pal.,  1889,  p.  378. 
Plffiflic.mys  deflecta  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  pp.  197, 222, 

pi.  5A,  fi«B.  28-34. 
Phesiomys  recta  Hall  and  Clarke,  Ibidem,  1892,  pp.  197, 222. 
Pla^siomys  loricnla  Hall  and  Clarke,  Ibidem,  1892,  pp.  197,  341,  pi.  5A,  figs.  31-34. 
Orthia  (Dinorthis)  deflecta  AVinchell  and  Schnchert,  Minnesota  Geol.  Sarvey, 

III,  1893.  p.  422,  pi.  32,  figs.  24-30. 

Loc,  Mineral  Point,  Beloit,  Janesville,  Wisconsin;  Dixon,  Illinois;  Minneapolis, 
St.  Paul,  etc.,  Minnesota;  McGregor,  Iowa;  central  Tennessee;  High- 
bridge,  Kentucky. 

Dinorthis  fontinalis  (White).  Calciferons  (Ord.). 

Stropbomena  fontinalis  White,  Wheeler's  Expl.  and  Snr\'ey  west  100th  Merid., 

IV,  1875,  p.  54,  pi.  3,  fig.  4;— Prelim.  Rep.,  p.  10, 1874. 
IjOC.  Fish  Spring,  House  Range,  Utah. 

Obs.  Related  to  D.  deflecta  (Conrad). 

Dinorthis  iphigenia  (Hillings).  Trenton  (Ord.). 

Ortbis  ipbigenia  Billings,  Pal.  Fossils,  I,  1862,  p.  133,  pi.  110. 

Phesiomys  ipbigenia  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  222. 

Loc.  Ottawa,  Canada. 

Dinorthis  meedsi  Winchell  and  Schnchert.  Trenton  (Ord.). 

Orthis  pieedsi  Wincbell  and  Schnchert,  American  (<eol.,    IX,   April  1,  1892, 

p.  289. 
Ortbis  minnesotensis  Sardeson,  Bull.  Minnesota  Acad.  Nat.  Soi.,  Ill,  April  9, 

1892,  p.  332,  pi.  5,  figs.  14-17. 
Orthis  (Dinorthis)  meedsi  Wincbell  and  Scliucbert,  Minnesota  Geol.  Surrey, 

III,  1893,  p.  427,  pi.  32,  figs.  39-42. 
Loc,  Cannon  Falls,  Kenyon,  Preston,  etc.,  Minnesota;  Decorah  and  McGregor, 

Iowa;  Neenah  and  Oshkosb,  Wisconsin. 

Dinorthis  meedsi  germana  Winchell  and  Schnchert.  Trenton  (Ord.). 

Orthis  meedsi  var.  germana  Wincbell  and  Schnchert,  American  Geol.,  IX,  1892, 
p.  290. 

Orthis  (D.)  meedsi  var.  germana  Wincbell  and  Schnchert,  Minnesota  G^I.  Sur- 
vey, III,  1893,  p.  428,  pi.  32,  figs.  43-45. 

Loc.  Cannon  Falls,  Kenyon,  and  Fountain,  Minnesota. 

Dinorthis  pectinella  (Emmons).  Trenton  (Ord.). 

Orthifl  pectinella  Emmons,  Geol.  New  York;  Rep.  Second  Dist.,  1842,  p.  394, fig. 

2— Hall,  Pal.  New  York,  I,  1847,  p.  123,  pi.  32,  fig.  10.— Billings,  Canadian 

Nat.  Geol.,  I,  1856,  p.  205,  fig.  5  —Rogers,  Geol.  Pennsylvania,  II,  Pt.  II, 


Digitized  by  LjOOQIC 


216  SYNOPSIS   OF   AMERICAN   FOSSIL   BRACHIOPODA.        Ibuij.«7. 

Dinorthis  pectinella  (Emmons) — Continued. 

1858,  p.  818,  fig.  (502.— nillings.  Geol.  Canada,  1863,  p.  165,  fijr.  147.— H»ll, 
S«Mou(l  Ann  Rep.  Ne\t  York  State  Gool.,  1883,  pi.  34,  figs. 39, 40. 

Ortliis  pcictiuella  var.  semiovalis  Hall,  Pal.  New  York,  I,  1847,  p.  124.  pi.  32,  fig. 
11.— Millnr,  N.  American  Geol.  Pal.,  1889,  p.  359. 

Orthis  charlotta*  N.  H.  Wincliell,  Kijijlith  Rep.  Geol.  Nat.  Hiet.  Survey  Minnesota, 

1880,  p.  07. 

Dinorthis  i»ectinolla  Hall  and  Clarke,  I»al.  Now  York,  VIII,  Pt.  1, 1892,  pp.  195,  222, 

228,  pi.  5,  ligH.  27-33 
OrtliiH  (Dinorthis)  pectinella  Wincliell  and  Srhurhert,  Minnesota  Geol.  Survey, 

III,  1893,  p. 424,  pi.  32,  figs.  31-34.— Whiteaves,  Pal.  Fo88.,  Ill,  Pt.  Ill,  1897, 

p. 175. 
Lov.  Middleville,  Trenton  Falls,  etc..  New  York;  Pennsylvania;  Mercer  Connty, 

Kentucky;  Ontario,  (*ana(la;    Decorah,    Iowa;  St.  Panl,  Minneapolis,   :iml 

Cannon  Falls,  Minnesota;  Lake  Winnijieg,  Cana^la. 

DinorthiB  pectinella  sweeneyi  N.  H.  Wincbell.  Trenton  (Ord.). 

Orthis  sweeneyi  N.  H.  \Vinchell,  Ninth  Rep.  Geol.  Nat.  Hist.  Snrvey  Minnesota, 

1881,  p.  117. 

Dinorthis  sweeneyi  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  pp.  196, 

222,  228,  pi.  5,*  figs.  34-3(i. 
Orthis  (Dinorthis)  pectinella  var.  sweeneyi  Winchell  and  Schnohort,  Minnesota 

(4eol.  Survey,  III,  18U3.  p.  426,  pi.  32,  figs.  35-38. 
Loc.  St.  Paul,  Cannon  Falls,  otc,  Minnesota;  Decorah  and  McGregor,  Iowa. 

Dinorthis  platys  (Billings).  Cbazy  (Ord.). 

Ortliis  platys  liilliugs,  Canadian   Nat.  Geol.,   IV,  1859,  p.   438,  fig.  l.'*; — Geol. 

(.'anada,  1863,  p.  12J»,  fig.  54.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I, 

1892,  p.  218. 
Loc.  Island  of  Montreal,  Canafla. 

DinorthiB  porcata  (McCoy).  Trenton  siiid  Lorraine  (Ord.). 

Orthis  porcata  McCoy,  Silurian  Foss.  of  Ireland,  1846.  p.  32,  pi.  3,  fig.  14.— Hil- 
lings, Pal.  Fossils,  1, 186 i,  p.  135,  fig.  Ill ;— Geol.  Cansula,  1863,  p.  312,  fig.  319. 

Orthis  anticostiensis  Shaler,  Fossil  Brachiopoda  of  tho  Ohio  Valley,  1887,  p.  19, 
pi.  6. 

Phpsioniys  porcata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  pp.  197,  222, 
pi.  5A,  figs.  20,  21. 

Loc.  Ireland;  Ottawa,  Canada;  Anticosti. 

Dinorthis  proavita  Wincbell  and  Scliucliert.  Lorraine  (Ord.). 

Orthis  proavita  Winrhell  and  Scliucliert,  American  Geol.,  IX,  April  1, 1892,  p.  291). 
Orthis  petra*  Sardcsoii,  Hull.  Minnesota  Acad.  Nat.  Sci.,  Ill,  April  9, 1892,  p.  332, 

pi.  5,  figs.  18-21. 
Orthis  (Dinorthis)  proavita  Winchell  and  Schuchort,  Minnesota  Geol.  Survey, 

III,   1893,  p.  431,  pi.  32,  figs.  51-57.— f  Whitoave.s,  Pal.  Fobs.,  Ill,  Pt.  IIL 

1897,  p.  176. 
Loc.  Spring  Valley,  Minnesota;  Wilmington,  Illinois;  Lake  Winnipeg,  Canada. 

Dinorthis  retrorsa  (Salter).  Trenton  and  Lorraine  (Ord.). 

Orthis  retrorsa  Salter,  Mem.  Geol.  Survey  Great  Britain,  II,  1858,  p.  373,  pi.  27, 

figs.  3,  4.— Billings,  Pal.  Fossils,  I,  1862,  p.  136,  figs.  112,  113.— Meek,  Pal. 

Ohio,  I,  1873,  p.  92,  pi.  11,  fig.  7.— Miller,  Cincinnati  Quart.  Jonr.  Soi.,  II, 

1875,  p.  37. 
Orthis  carleyi  Hall,  Thirteenth  Rep.  New  York  State  Call.  Nat.  Hist.,  1860,  p.  120, 

fig.intext;— Socoud  Ann.  Rep.  New  York  State  Geol.,  1883,  pi.  34,  figs.  28,  29. 
Orthis  keuDicotti  McChesney,  New  Pal.  Fossils,  1861,  p.  78. 


Digitized  by  LjOOQIC 


svHucHKBT.)  INDEX   AND   BIBLIOGRAPHY.  217 

BmoTthis  retrorsa  (Salter) — Continued. 

PLpsioniys  retrowa  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  197, 

222,  pJ.  5A,  figs.  14-lfi. 
Lof\  England;  Oxford,  etc.,  Ohio;  Ottawa,  danada. 

DinoTthis  subqnadrata  (Hall).  Jjorraiue  (Ord.). 

Orthia  snbqnadrata  Hall,  Pal.  New  York,  I,  1847,  p.  126,  pi.  32A,  fig.  1;— Oeol. 
Wisconsin,  I,  1862,  p.  54,  ligs.  1,  2.— Meek,  Pal.  Ohio,  I,  1873,  p.  94,  pi.  9, 
fig.  2.— Miller,  Cincinnati  Quart.  Jonr.  Sci.,  II,  1875,  p.  38.— White,  Second 
Ann.  Rep.  Indiana  Bureau  of  Statistics  and  (teol.,  1880,  p.  484,  pi.  1,  figs. 
3-5;— Tenth  Rep.  Stat*  Geol.  Indiana,  1881,  p.  116,  pi.  1,  figs.  3-5.— Shaler, 
Foss.  Brachiopoda  of  the  Ohio  Valley,  1887,  p.  22,  pi.  7. — Keyes,  (ieol.  Sur- 
vey Missouri,  V,  1895,  p.  GO. 

f  Orthis  subqnadrata  Billings,  Geol.  Cana<la,  1863,  p.  165,  fig.  146. 

Plsfsiouiy.H  snbquadrata  Hall  and  Clarke.  Pal.  New  York,  A' III,  Pt.  I,  1892,  pp. 
191,  UHj,  222.  pi.  5A,  figs.  17-19. 

Orthis  (Dinorthis)  subqnadrata  Winchell  and  Schnchert,  Minnesota  Geol.  Sur- 
vey, III,  1893,  p.  428,  1)1.  32,  fign.  46-r,0.— Whiteavos,  Pal.  Poss.,  Ill,  Pt.  Ill, 
1897,  p.  176. 

Loc.  Ohio  Valley;  Spring  Valley,  Minnesota;  Wilmington,  Illinois;  Warren  and 
.Jefferson  counties,  Missouri;  Lattners,  Iowa ;  Iron  Ridge,  Wisconsin;  Lake 
Winnipeg,  Canada;  Anticosti. 

Disciua  of  autbors  (non  Laiharck)r— Orbiciiloidea. 

Disciiia  acadica  Ilartt  —  Parmophorella  aitadica,  a  gastropod. 

Discina  alleghaiiia  Hall    -Orbiculoidea  allegliania. 

Discina  ampla  Hall--  Orbiculoidea  anipla. 

Discina  capax  White  -Orbiculoidea  capax. 

Discina  capuliformis  McC^liesney  -  Orbiculoidea  ciipulif4)rmiK. 

Disciua  circe  Billings --Orbiculoidea  lamellosa. 

Discina  clara  Spencer  .--Schizotreta  tenuilamellata. 

Discina  concordensis  Sardeson  r^  Scliizotreta  pelopea. 

Discina  connata  Walcott=Lingulodi8ciiia  connata. 

Discina  cx)nradi  Hall = Orbiculoidea  conradi. 

Discina  convexa  Sliuniard= Orbiculoidea  convexa. 

Discina  discus  Hall=Orbiculoidea  discus. 

Discina  doria  Hall = Orbiculoidea  doriu. 

Discina  elmira  Hall = Orbiculoidea  olinira. 

Discina  forbesi  Ni<^holson  =  Schizotreta  tenuilamellata. 

Discina  gallaheri  Wincbell=Orbiculoidea  gallaberi. 

Discina  grandis  Vauuxem=ll(pmerella  grandis. 

Discina  grandis  Hall=Orl)icul()idea  ampla. 

Discina  humilis  Hall = Orbiculoidea  liumilis. 

IDiflcina  inntilis  Hall.  Upper  Cambrian. 

Discina  inntilis  Hall,  Sixteenth  Rop.  New  York  State  Cab.  Nat.  Hist.,  1863,  p. 

130,  pi.  6,  fig.  II ;— Trans.  Albany  Institute,  V,  1867,  p.  108. 
Loc.  Mazonianie,  Wisconsin. 
Ohn.  Undeterminable. 

Discina  illinoisensis  Miller  and  Gurley= Orbiculoidea  illinoisensis. 
Discina  jervensis  Barret=Orbiculoidea  jervisensis. 
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Discina  keokuk  Garley=Orbicaloidea  keokuk. 

Discina  lodensis  Hall=Orbica1oidea  lodiensis. 

Discina  magnifica  Herrick=Orbicaloidea  magnifica. 

Discina  manhattensis  Meek  and  Hayden = Orbiculoidea  manbattanensis. 

Discina  marginalis  Whitfield =Orbicaloidea  marginalis. 

Discina  media  lIall=Orbiculoidea  lodiensis  media. 

Discina  meekana  Whitfield =Orbicaloidea  missouriensis. 

Discina  microscopica  Slmmard=Acrotreta  mieroscopica. 

Discina  miniita  Ha11=Orbicnloidea  minnta. 

Discina  missouriensis  Shamard=:Orbicaloidea  missouriensis. 

Discina  munda  Miller  and  Gurley=Orbiculoidea  manda. 

Discina  neglecta  Hall=Orbiculoidea  neglecta. 

Discina  newberryi  Hall=Lingulodiscina  newberryi. 

Discina  nitida  Meek  and  Worthen=:Orbiculoidea  missouriensis. 

Discina  nitida=Orbiculoidea  nitida. 

Discina  patellaris  Winchell=Orbiculoidea  patellaris. 

Discina  pelopea  Billings =Schizotreta  pelopea. 

Di8Gina(Y)  pileolnB  Whiteaves.  Y  Lower  Cretaceous. 

Discina  pileolas  Whiteaves,  Cont.  Canadian  Pal.,  1, 1S89,  p.  159,  pi.  21,  fig.  3. 
Loc,  Rink  Rapids  on  Lewis  River,  British  America. 
Ohs,  "Professor  Hyatt  thinks  that  the  fossils  from  this  locality  are  Jnrassic'' 

(Stanton). 

Discina  pleurites  Meek=Llngulodiscina  pleurites. 
Discina  randaUi  Hall=Orbiculoidea  randalli. 
Discina  saffordi  Winchell=Orbiculoidea  saffordi. 
Discina  sampsoni  Miller=Orbiculoidea  sampsoni. 

Discina(Y)  semipolita  Whiteaves.  Cretaceous. 

Discina  semipolita  Whiteaves,  Mesozoic  Fossils,  I,  Geol.  Survey  Canada,  18S1, 

p.  252,  pi.  33,  fig.  9. 
JLoc.  Queen  Charlotte  Island. 

Discina  seneca  Hall=:Orbicnloidea  senoca. 

Discina  solitaria  Eingueberg=Schizotreta  teuuilamellata. 

tDiBoina  snblamellosa  Ulrich.  Lorraine  (Ord.). 

Discina  snblamellosa  Ulrich,  Jour.  Cincinnati,  Soo.  Nat.  Hist.,  1, 1878,  p.  97.  pi.  4, 

fig.  11.— Miller,  N.  American  Geoi.  Pal.,  1889,  p.  344. 
Loc,  Covington,  Kentucky. 
Ohs,  Probably  not  a  brachiopod. 

Discina  subtrigonalis  McGhesney=:Orbiculoidea  subtrigonalis. 
Discina  teuuilamellata  var.  subplana  Hall=:Orbiculoidea  subplana. 
Discina  teiiuilineata  Meek  and  Hayden=Orbiculoidea  tenuilineata. 
Discina  tenuistriata  Ulrich =Orbiculoidea  tenuistriata. 
Discina  trigonalis  McGhesney=Orbicu1oidea  subtrigonalis. 
Discina  truncata  Hall=Schizobolus  concentricus. 
Discina  truncata  Emmons=()rbiculoidea  lamellosa. 
Discina  tullia  Hall=Orbiculoidea  tullia. 
Discina  utahensis  Meek=:Orbiculoidea  utahensis. 
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]>iflema(t)  Yftnconyerensis  Whiteaves.  Cretaceous. 

Discina  vancoaverensis  Whiteaves,  Mesozoio  Fossils,  I,  Geol.  Survey  Canada, 

1879,  p.  177,  pi.  20,  fig.  6. 
Loc.  Admiralty  Island. 

Discina  vanaxemi  Hall^Orbicnloidea  vanuxemi. 
Discina  Tarsoviensis  Worthen=Orbiculoidea  varsaviensis. 
Discinella  Hall=Operculain  of  Pteropod. 

DI8CIHISGA  Dall.  Genotype  Discina  lamellosa  Broderip. 

Discinisca  Dall,  Bnll.  Mas.  Comp.  Zoology,  III,  1871,  p.  37. 
Diidiiisoa  Ingnbris  (Conrad).  Miocene  and  Pliocene. 

Capalus  Ingubris  Conrad,  Jonr.  Acad.  Nat.  Sci.  Philadelphia,  VII,  1834,  p.  143. 
Orbicala  Ingnbris  Conrad,  Fossils  Medial  Tertiary  For.  U.  S.,  1845,  p.  75,  pi.  43, 

fig.  2. — Tnomey  and  Holmes,  Foss.  South  Carolina,  1855,  p.  17,  pi.  5,  fig.  1. — 

Dall,  Republication  of  Conrad's  Foes.  Medial  Tert.  For.  U.  S.,  1893,  p.  101, 

pi.  43,  fig.  2. 
Discina  Ingubris,  Whitfield,  Mon.  U.  S.  Geol.  Survey,  XXIV,  1894,  p.  23,  pi.  1,  figs. 

1-3. 
Xoe.  St.  Marys  County,  Maryland;  Petersburg,  Virginia:  Peedee  River,  South 

Carolina;  Atlantic  City,  Shiloh,  and  Bridgeton,  New  Jersey. 
OhB.  Referred  to  Discinisca  on  authority  of  Dr.  W.  11.  Dall. 

BisdniiBca  multilineata  (C<mrad).  Miocene. 

Orbioula  multilineata  Conrad,  Fossils  Medial  Tertiary  For.  U.  S.,  1845,  p.  75,  pi. 
43,  fig.  3.— Tuomey  and  Holmes,  Foes.  South  Carolina,  1855,  p.  18,  pi.  5,  fig.  2.— 
Dall,  Republication  of  Conrad's  Foss.  Medial  Tert.  For.  U.  S.,  1893,  p.  101,  pi. 
43,  fig.  3. 

Loc,  City  Point,  Virginia ;  Pedee  River,  South  Carolina. 

0(«.  Probably  a  less  worn  variety  of  D.  Ingubris  (Dall). 

DlSCnUOPSIS  Matthew.  Genotype  Acrotreta?  gnlielmi  Matthew. 

Disciuopsis  (Matthew MS.)  Hall  and  Clarke,  Pal.  New  York,  VlII,  Pt.  1, 1892, pp. 
105, 167;— Eleventh  Ann.  Rep.  New  York  State  Geologist,  1894,  p.  250. 

Bisdnopiis  gnlielmi  Matthew.  Middle  Cambrian. 

Acrotretaf  gnlielmi  Matthew,  Trans.  Royal  Soc.  Canada,  1886,  p.  37,  pi.  5,  fig.  14. 
Disciuopsis  gnlielmi  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  105, 

pi.  3,  figs.  20-24. 
Loc.  Portland,  New  Brunswick. 

EATOHIA  Hall.  Genotype  Atrypa  pecnliaris  Conrad. 

Eatonia  Hall,  Tenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1857,  p.  90;— Twelfth 
Rep.  Ibidem,  1859,  p.  35;— Pal.  New  York,  HI,  1859,  p.  432.— BiUings,  Proc. 
Portland  Soc.  Nat.  Hist.,  1863,  p.  111.— Hall  and  Clarke,  Pal.  New  York, 
VIII,  Pt.  II,  1893,  p.  205;— Thirteenth  Ann.  Rep.  New  York  State  Geologist, 
1895,  p.  829. 

Eatonia  conltm  Miller  and  Oorley.  Oriskany  (Dev.). 

Eatonia  coulteri  Miller  and  Gurley,  Bull.  Illinois  State  Mus.  Nat.  Hist.,  3,  1893, 

p.  72,  pi.  7,  figs.  8-11. 
Loc.  Jackson  County,  Illinois. 

Eatonia  eminens  Hall.  Lower  Helderberg  (Dev.). 

Eatonia  eminens  Hall,  Tenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1857,  p.  92; — 
Pal.  New  York,  III,  1859,  p.  242,  pi.  37,  fig.  2.— Hall  and  Clarke,  Pal.  New 
York,  VIII,  Pt.  II,  1893,  p.  206. 

Loc.  Decatur  County,  Tennessee. 
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Eatooia  medialis  ( Vannxem).  Lower  Helderberg  (Dev.). 

Atrypa  medialis  Vaimxem,  Geol.  New  York;  Rep.  Third  Dwt.,  1842,  p.  120,  fig. 4. 
Katonia  inedialiM  Hall,  Tonth  Hep.  New  York  State  Cab.  Nat.  Hist.,  la^)?,  p.  90, 

figs.  l-7;-Pal.  New  York,  III,  1859,  p.  241,  pi.  37,  fig.  1.— Billings,  Proc. 

Portland  Soo.  Nat.  Hist.,  1863,  p.  Ill,  pi.  3,  iig.  7.— Hall  and  Clarke.  Pal.  New 

York,  VIII,  Pt.  II,  1893,  p.  206,  pi.  61,  figs.  29-3.5. 
Loc.  Schoharie,  Carlisle,  Cntskill,  ot-r.,  New  York;  Square  Lake,  Maine. 

Eatonia  peculiaris  (Conrad).       Lower  Helderbetg  and  Oriskany  (Dev.). 

Atrypa  peculiaris  Conrad,  Fifth  Ann.  Rep.  Geol.  Survey  Now  York,  1841,  p.  56. — 
Vannxem,  Geol.  New  York;  Rep.  Third  Dist.,  1842,  p.  123,  fig.  3.— Hall. 
Ibidem,  Rep.  Fourth  Dist,  1843,  )>.  148,  fig.  3.— Rogers,  Geol.  Pennsylvania, 
II,  Pt.  II,  1858,  p.  825,  fig.  640. 

Atrypa  ?  nustella  Castelnau,  £s8ai  Syst.  Sil.  I'Am^rique  Septentrionale,  1843,  p. 
39,  pi.  14,  fig.  3. 

Katonia  peculiaris  Hall,  Twelfth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1859,  p. 
37,  figs.  l-7;--Pal.  New  York,  III,  1&59,  p.  244,  pi.  38,  figs.  21-26;  pi.  51,  tig. 
2;  p.  4.36,  pi.  101,  fig.  2;  pi.  101  A,  fig.  1;— Fifteenth  Rep.  New  York  State 
Cab.  Nat.  Hist.,  1862,  pi.  11.— Billings,  Geol.  Canada,  1863,  p.  957,  fig.  450.— 
Meek  and  Worthen,  (Jeol.  Survey  Illinois,  III,  1868,  p.  395,  pi.  8,  fig.  2. — 
Billinj,'a,  Pal.  Fossils,  II,  1874,  p.  40,  pi.  3A,  fig.  2.—Hall  and 'Clarke,  Pal. 
New  York,  VIII,  Pt.  II,  1893,  p.  206,  pi.  61,  figs.  17-26. 

Eatonia  peculiaris?  Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  104. 

Loc,  Schoharie,  etc.,  New  York;  Pennsylvania;  Cumberland,  Maryland;  Jack- 
son and  Perry  counties,  Missouri ;  Gaspe. 

Eatonia  pnmila  Hall.  Oriskany  (Dev.)- 

Eatonia  pumila  Hall,  Pal.  New  York,  III,  1859,  p.  437,  pi.  101,  fig.  1.— Hall  and 

Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  206. 
Loc.  Albany  County,  Now  York. 

Eatonia  singnlariB  (Vannxem).  Lower  Helderberg  (Dev.)* 

Atrypa  singularis  Vannxem,  Geol.  New  York;  Rep.  Third  Dist.,  1842, p.  120,  fig 3. 
Eatonia  singularis  Hall,  Pal.  New  York,  III,  1859,  p.  242,  pi.  38,  figs.  14-20.— 

Hall  and  Clarke,  Ibidem,  VIII,  Pt.  II,  1893,  p.  206,  pi.  61,  figs.  13-16. 
I^oc.  Schoharie,  etc..  New  York. 

Eatonia  sinnata  Hall.  Oriskany  (Dev.). 

Eatonia  sinuata  Hall,  Tenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1857,  p.  91  ;— 
Pal.  New  York,  III,  1859,  p.  438,  pi.  lOlA,  figs.  3-6.— Hall  and  Clarke,  Ibidem, 
VIII,  Pt.  II,  1893,  p.  206,  pi.  61,  figs.  36-38. 

I^oc.  Cumberland,  Maryland. 

Eatonia(?)  variabilis  Whiteave^.  Hamilton  (Dev.). 

Eatonia  variabiliH  Whiteaves,  Cont.  to  Canadian  Pal.,  I,  1891,  p.  233,  pi.  29, 

figs.  6-9. 
Loc.  Hay  River,  Canada. 

Eatonia  whitfieldi  Hall.  Oriskany  (Dev.). 

Eatonia  whitfieldi  Hall,  Pal.  New  York,  III,  1859,  p.  437,  pi.  lOlA,  fig.  2.— Hall 

and  Clarke,  Ibidem,  VIII,  Pt.  II,  1893,  p.  206,  pi.  61,  figs.  27,  28. 
Loc.  Cumberland,  Maryland. 

EIGHWALDIA  Billings.      Genotype  Eicliwaldia  subtrigonalis  Billings. 

Eichwaldia  Billings,  Geol.  Survey  Cant^la;  Rep.  Progress  for  1857, 1868,  p.  190; — 
Canadian  Nat.  Geol.,  Ill,  18.58,  p.  442. 

Eichwaldia  of  other  authors =Dictyonella. 
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Eiehwaldia  labtrigonalis  Billings.  Treutoii  (Ord.). 

Eiohwaldia  sabtrigonalis  Billings,  Geol.  Survey  C»natla;  Kep.  Progress  fur  1857, 
1858,  p.  192,  fig.  24;— Canadian  Nat.  Geol.,  Ill,  1858,  p.  443,  fig.  24;— Geol. 
Canada,  1863,  p.  142,  fig.  76.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II, 
1893,  p.  310,  figs.  241,  242;  pl.^,  figs.  1-4. 

Loe,  Panqnette  Rapids,  Canada. 

ETiKATffIA  Ford.  Genotype  Obolella  desiderata  Billings. 

Billingsia  Ford  (nou  de  Koninck,  1876),  American  Jour.  Soi.,  3d  ser.,  XXXI,  1885, 

p.  466. 
Elkania  Ford,  American  Jour.  Sci.,  3d  ser.,  XXXII,  1886,  p.  325.— Hall  and  Clarke, 

Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  75,  165;— Eleventh  Aun.  Rep.  New 

York  State  Geologist,  1894,  p.  2U. 

Slkania  ambigna  ( Walcott).  Pogouip  (base  of  Ord.). 

Obolellaf  ambigua  Walcott,  Men.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  67,  pi.  1,  fig.  2. 
Elkania  ambigna  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  78. 
Loc.  Eureka  district,  Nevada. 

Elkania  desiderata  (BilUngB).  Upper  Cambrian. 

Obolella  desideraU  Billings,  Pal.  Fossils,  1, 1862,  p.  69,  fig.  62  on  p.  68. 
Obolellaf  desiderata  Walcott,  Bull.  U.  S.  Geol.  Survey,  30,  1886,  p.  HI. 
Billingsia  desiderata  Ford,  American  Jour.  Sci.,  3d  ser.,  XXXI,  1886,  p.  466, 

figs.  1,2. 
Elkania  desiderata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  77,  pi. 

3,  figs.  15-19. 

Loc,  Point  Levis,  Canada. 

JSATJsLETES  Fischer  de  Waldbeim.     Genotype  Ortbis  laniarcki  Fiscb. 
Enteletei)  Fischer  de  Waldheim,  Or}  ct.  Gouv.  Moscou,  1830,  p.  193,  tab.  26,  figs. 

6,  7.~-Waagen,  Palieontologica  Indica,  Ser.  XI 11,  I,  1884,  p.  550.— Hall  and 

Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.185,  214 ;— Eleventh  Ann.  Rep. 

New  York  State  Geologist,  1894,  p.  272. 
Syntrielasma  Meek  and  Worthen,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1865,  p. 

277;— Geol.  Survey  Illinois,  II,  1866,  p.  321,  tig.  36. 

Enteletes  andii  (d'Orbiguy).  Upper  Carboniferous. 

Terebratala  andii  d'Orbigny,  Voyage  dans  I'Am^rique  M(^ridionale,  Pal.,  1842, 

p.  45,  pi.  3,  figs.  14, 15. 
Orthis  andii  Salter,  Quart.  Jour.  Geol.   Soc.  London,  XVII,  1861,  p.  64,  pi.  4, 

fig.  3. 
Syntrielasma  andii  Derby,  Bull.  Cornell  Univ.,  I,  1874,  p.  62. 
Rhynchonella  andii  Gabb,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  2d  ser.,  VIII,  1881, 

p.  302. 
Enteletes  andii  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  217. 
Loc.  Yarbiohambi  and  Lake  Titicaca,  Bolivia ;  Santa  Cruz. 

Enteletes  gaudryi  (d'Orbigny).  Upper  Carbouiferous. 

Terebratala   gaudryi  d'Orbigny,  Voyage  dans  rAmdriquc  Mdrjdionale,    Pal., 

1842,  p.  45. 
Terebratnla  antissiensis  d'Orbigny,  Ibidem,  18-12,  pi.  3,  fig.  16  (nou  pi.  2). 
Syntrielasma  gaudryi  Derby,  Bull.  Cornell  Univ.,  I,  1874,  p.  62. 
Enteletes  gaudryi  Hall  and  Clarke,  Pal.  New  York,  VIH,  Pt.  I,  1892,  p.  217. 
Loc.  Yarbiohambi,  Bolivia. 

Enteletes  hemipUcata  Hall.  U])per  Carboniferous. 

Spirifer  hemiplicata  Hall,  Stansbury's  Exped.  Great  Salt  Lake,  1852,  p.  409,  pi. 

4,  fig.  3. 
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Enteletes  hemiplicata  HaIl->— Gontinned. 

Rhynchouella  angulata  Geinitz  (non  Linnd),  Carbon  u.  Dyas  Nebraska,  1866,  p. 
37,  pi.  3,  figs.  1-4. 

Syntrielasma  hemiplicata  Meek  and  Worthen,  Geol.  Survey  Illinois,  II,  1866,  p. 
323,  fig.  36;  p.  324,  fig.  37.— Meek,  Final  Rep.  U.  S.Geol.  Survey  Nebraska, 
1872,  p.  177,  pi.  6,  fig.  1 ;  pi.  8,  fig.  12.— Meek  and  Worthen,  Geol.  Survey  IDi- 
nois,  V,  1873,  p.  571,  pi.  26,  fig.  20.— Kayser,  Richthofens  China,  IV,  1883, 
p.  179,  pi.  24,  figs.  2,  3.— White,  Thirteenth  Rep.  State  Geol.  Indiana,  1884, 
p.  131,  pi.  26,  figs.  15-18.— Keyes,  Geol.  Survey  Missouri,  V,  p.  76,  pi.  39,  fig.  8. 

Camerophoria  giffordi  Worthen,  Bull.  Illinois  State  Mas.,  1,  1882,  p.  39;— Geol. 
Survey  Illinois,  VII,  1883,  p.  318,  figs.  a-c. 

Enteletes  hemiplicata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.215, 
226,  pi.  7A,  figs.  44-52. 

Xoc.  Weston,  Platte  County,  Missouri;  Vandalia  and  Alta,  Illinois;  Steunett, 
Iowa;  Kansas  City,  Missouri;  Nebraska  City,  Nebraska;  Lo  Plug,  China. 

EUMETRIA  Hall. 

Genotype  Betzia  verneuiliana  Hall=Terebratula  marcyi  Shumard. 

Eumetria  Hall,  Sixteenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1863,  p.  59.— 

Waagen,  Paljeontologica  Indica,  Ser.  XIII,  1, 1883,  p.  487.— Hall  and  Clarke, 

Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  115,  figs.  104,  105;— Thirteenth  Ann. 

Rep.  New  York  State  Geol.,  1895,  p.  795. 

Eiimetria(Y)  altirostris  (White).  Kinderhook  (L.  Carb.). 

Retzia  (Acambonaf)  altirostris  White,  Proc.  Boston  Soc.  Nat.  Hist.,  IX,  1862, 

p.  28. 
Loc,  Burlington,  Iowa. 

Eumetria  marcyi  (Shumard).  St.  Louis  and  Kaskaskia  (L.  Oarb.). 

Terebratula  serpentinaf  Owen  (non  de  Koninck),  Geol.  Survey  Wisconsin, 
Iowa,  Minnesota,  1852,  pi.  3A,  fig.  13  (see  specimens  in  U.  S.  Nat.  Mns.,  Cat. 
Invert.  Foss.,  17955). 

Terebratula  marcyi  Shumard,  Marcy's  Rep.  U.  S.  Expl.  Red  River  of  Louisiana, 
1854,  p.  177,  pi.  1,  fig.  4. 

Retzia  verneuiliana  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  657,  pi.  23,  fig. 
1 ;— Trans.  Albany  Institute,  IV,  1858,  p.  9. 

Retzia  vera  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  704,  pi.  27,  fig.  3. 

Eumetria  vera  Hall,  Sixteenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1863,  p. 
55,  figs.  1-3,  and  p.  59. 

Eumetria  verneuiliana  Hall,  Ibidem,  1863,  p.  55,  fig.  2.— Whitfield,  Bull.  Amer- 
ican Mus.  Nat.  Hist.,  1882,  p.  50,  pi.  6,  figs.  28-30.— Hall,  Twelfth  Rep.  St«te 
Geol.  Indiana,  1883,  p.  335,  pi.  29,  figs.  28-30. 

Retzia  radlalis  Walcott  (non  Phillips),  Mon.  U.  S.  Geol.  Survey,  VllI,  1884,  p. 
220,  pi.  7,  figs.  5,  5a  (5b f). 

Retzia  marcyi  Miller,  N.  American  Geol.  Pal.,  1889,  p.  366. 

Eumetria  verneuiliana  and  vera  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II, 
1893,  p.  117,  figs.  104,  105,  pi.  50,  figs.  13-26,  34,  37;  pi.  83,  figs.  26,  27. 

J^c.  Washington  and  Crawford  counties,  Arkansas;  Floyd  County  and  else- 
where in  Indiana;  Alton,  Illinois;  Greene  County,  Missouri;  Iowa;  Cum- 
berland Mountain,  Tennessee. 

Oba.  Hall  and  Clarke  (1893),  in  treating  of  the  American  species  of  Eumetria  (E. 
vera  and  var.  costata,  and  E.  verneuiliana),  say  they  "are,  perhaps,  all  repre- 
sentatives of  the  same  species. ''  The  writer  regards  them  as  one  species, 
varying  in  different  localities  in  size  and  number  of  striations.  Owen  was 
the  first  to  observe  this  form  and  identified  it  provisionally  with  T.  serpen- 
tina de  Koninck.  Shumard,  however,  believed  it  to  be  distinct  from  that 
species,  and  gave  the  name  T.  marcyi  four  years  prior  to  that  of  Hail. 
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Eumetria  marcyi  costata  Hall.  Kaskaskia  (L.  Garb.). 

Betzia  vera  var.  cosUta  Hall^  Geol.  Surrey  Iowa,  I,  Pt.  II,  1858,  p.  704,  pi.  27, 

fig.  3. 
Eumetria  vera  var.  coeiata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895, 

pi.  51,  figs.  27-33. 
hoc,  Chester,  Illinois ;  Crittenden  County,  Kentucky. 

Eametria  vera  Hall^^  E.  marcyi. 
Eumetria  verneuiliana  Hall  ^^  E.  marcyi. 

Eumetria  wooiteri  (White).  Y  Upper  Carboniferous. 

Retzia  woosteri  White,  Bull.  U.  S.  Geol.  Survey  Terr.,  V,  1879,  p.  215;— Twelfth 

Ann.  Rep.  U.  S.  Geol.  Survey  Terr.,  1883,  p.  134,  pi.  34,  fig.  8. 
Loc,  Near  Greeley,  Colorado. 
Oh:  Closely  related  with  £.  marcyi  of  the  Lower  Carboniferous. 

JSUJSJSLLA  Hall  and  Clarke.         Genotype  Terebratula  sallivanti  Hall. 
Eunella  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  290;— Thirteenth 
Ann.  Rep.  New  York  State  Geol.,  1895,  p.  861. 

Eunella  harmonia  Hall.  Corniferous  (Dev.). 

Terebratnla  harmonia  Hall,  Pal.  New  York,  IV,  1867,  p.  388,  pi.  60,  figs.  11-16.— 

Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p. 

154,  pi.  17,  figs.  1-4. 
Eunella  harmonia  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  290,  pi. 

80,  figs.  3a-35. 
Loe.  Falls  of  Ohio ;  Ontario,  Canada. 

EnneUa  lincklflDni  Hall.  Marcellus  and  Hamilton  (Dev.). 

Terebratula  lincklieni  Hall,  Thirteenth  Rep.  New  York  State  Cab.  Nat.  Hist., 

1860,  p.  88;— Pal.  New  York,  IV,  1867,  corrigenda.— Nettelroth,  Kentucky 
Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  155,  pi.  17,  figs.  22-24. 

Cryptonella  lincklsBni  Hall,  Fourteenth  Rep.  New  York  State  Cab.  Nat.  Hist., 

1861,  p.  101;— Sixteenth  Rep.  Ibidem,  1863,  p.  44. 

Cryptonellaf  lincklasni  Hall,  Pal.  New  York,  IV,  1867,  p.  397,  pi.  60,  figs.  49-65. 
Terebratula  liuckljEni  var.  Hall,  Ibidem,  1867,  p.  418,  pi.  60,  figs.  32-37. 
EnneUa  lincklteni  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  290, 

pi.  80,  figs.  28-32. 
Loc.  Clarke  County,  Indiana;   Hamilton  and  Canandaigua  Lake,  New  York; 

Thunder  Bay,  Michigan. 

Eunella  nmulator  Hall.  Hamilton  (Dev.). 

Terebratula  simulator  Hall,  Pal.  New  York,  IV,  1867,  p.  391,  pi.  60,  figs.  69,  70. 
Eunella  simulator  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  290, 

pi.  80,  fig.  27. 
Loc,  Thedford,  Ontario. 

Eunella  sullivanti  Hall.  Corniferous  (Dev.). 

Terebratula  suUivanti  HaU,  Pal.  New  York,  IV,  1867,  p.  387,  pi.  60,  figs.  5-10, 

68.— Whiteaves,  Cont.  Canadian  Pal.,  I,  1892,  p.  291,  pi.  37,  figs.  9,  10. 
Eunella  suUivanti  Hall  and  Clarke,  Pal.  N  )w  York,  VIII,  Pt.  II,  1893,  p.  290,  fig. 

210,  pi.  80,  tigs.  23-26. 
Loc.  Columbus  and  Sandusky,  Ohio;  near  Cayuga,  Ontario,  and  Lakes  Manitoba, 

and  Winnip(^gosis,  Canada. 

6LA8SIA  Davidson.  Genotype  Atrypa  obovata  Sowerby. 

Glassia  Davidson,  Geol.  Mag.,  n.  ser.,  VIII,  1881,  p.  11;— Sup.  British  Devonian 

and  Silurian  Brach.,  Pal.  Soc,  1882,  p.  38.— HaU  and  Clarke,  Pal.  New  York, 

VIII,  Pt.  II,  1893,  p.  152,  figs.  142-145;— Thirteenth  Ann.  Rep.  New  York 

State  Geologist,  1895,  p.  811. 
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Olasfia  romingeri  Hall  and  Clarke.  Treutou  (Ord.). 

Glassia  romiufceri  llall  aud  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  153,  pi. 

83.  figB.  32-35. 
Loc,  Drift  near  Ann  Arbor,  Michigan. 

Glassia  schacberti  niricli=Catazyga  headi. 

OLOSSIHA  Phillips.  Genotype  Liugula  attetiuata  Sowerby. 

Glosflina  Phillips,  Mem.  Geol.  Survey  Great  Britain,  II,  Pt.  II,  1848,  p.  370.—  Dull. 

Ball.  U.  S.  Nat.  Mas.,  8,  1877,  p.  29.— Hall  and  Clarke,  Pal.  New  York,  VIII, 

Pt.  1, 1892,  pp.  15, 164;— Eleventh  Ann.  Rep.  New  York  State  Geologist,  1894, 

p.  230. 

GlosBina  acuminata  Hall  aud  Clarke^Lingulepis  acuminata. 

OloBsma  craasa  (Hall).  Trenton  (Ord.). 

Lingula  crassa  Hall,  Pal.  New  York,  I,  1847,  p.  98,  pi.  30,  fig.  8. 
Loc.  Middleville  and  Lake  Champlain,  New  York. 

Olonuna  cyane  (Billings).  Calciferous  (Ord.). 

Lingula  cyane  Billin<<:8,  Pal.  FuBsils,  I,  1865,  p.  216,  iig.  200. 
Loe»  Near  Portland  Creek,  Newfoundland. 

OIoMina  deflecta  Wiuciiell  and  Scbuciiert.    Trenton  and  Lorraine  (Ord.). 
Lingula  (GloBsina)  deflecta  Winchell  and  Schuchert,  American  Geol.,  IX,  1892, 

p.  284;— Minnesota  Geol.  Survey,  HI,  1893,  p.  348,  pi.  29,  figs.  15-18. 
Loc.  Near  Fountain  and  Spring  Valley,  Minnesota. 

Olossina  dnbia  (d'Orbigny).  Ordovician. 

Lingula  dubia  d'Orbigny,  Voyage  dans  PAmcrlque  Mdridionale,  1842,  p.  29,  pi. 

2,  fig.  7. 
Loc.  Tacopaya,  Bolivia. 

Olotsina  flabellula  Hall  aud  Clarke.  Waverly  (L.  Carb.). 

Lingula  (Glossina)  flabellula  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892, 

pp.  15,  172,  pi.  1,  figs.  33,  31. 
Loc.  Sciotoville,  Ohio. 

Glossina  hnrlbnti  N.  H.  Wincbell.  Trenton  (Ord.). 

Lingula  hurlbuti  N.  li.  Winchell,  Eighth  Ann.  Rep.  Geol.  Nut.  Hist.,  Survey 

Minnesota,  1880,  p.  62. 
Lingula  (Glossina)  hurlbuti  Winchell  and  Schuchert,  Minnesota  Geol.  Survey, 

III,  1893,  p.  347,  pi.  29,  figs.  13, 14. 
Loc.  Mantorville  and  near  Spring  Valley,  Minnesota. 

Olossina  leana  (Hall).  Hamilton  (Dev.). 

Lingula  leana  Hall,  Sixteenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1863,  p. 

20;— Pal.  New  Yoik,  IV,  1867,  p.  9,  pi.  2,  fig.  12.— Walcott,  Mon.  U.  S.  Geol. 

Survey,  VIII,  1884,  p.  106,  pi.  13,  fig.  2. 
Loc.  Bristol,  Now  York ;  Lone  Mountain,  Nevada. 

Olossina  nebraskaensis  (Meek).  Upper  Carboniferous. 

Lingula  scotica  var.  nebraskensis  Meek,  Final  Rep.  U.  S.  Geol.  Survey  Nebraska, 

1872,  p.  158,  pi.  8,  fig.  3. 
Lingula  nebraskensis  Miller,  N.  American  Geol.  Pal.,  1889,  p.  350. 
Loc.  Nebraska  City,  Nebraska. 

Olossina  perovata  (Hall).  Clinton  (Sil.). 

Lingula  perovata  Hall,  Pal.  New  York,  II,  1852,  p.  55,  pi.  20,  fig.  3. 
Loc,  Rochester,  New  York. 
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Olosnna  sedaliaensiB  (Miller).  Chouteau  (L.  Garb.). 

Lingula  sedaliensis  Miller,  Eighteenth  Ann.  Rep.  Geol.  Survey  Indiana,  1894, 

p.  308,  pi.  9,  fig.  2. 
Loc.  Sedalia,  Missouri. 
Ob8,  This  species  is  probably  the  same  as  G.  waverlyensis. 

OloBsina  spatioia  (Hall).  Lower  Helderberg  (Dev.). 

Liugula  spatiosa  Hall,  Pal.  Kew  York,  III,  1859,  p.  158,  pi.  9,  lig.  10. 
Loc.  Near  Hudson,  Kew  York. 

Qloenna  trentonenais  (Conrad).  Trenton  and  Utica  (Urd.). 

Liugula  treutonensis  Conrad,  Jour.  Acail.  Nat.  Sci.  Philadelphia,  VIII,  1842, 

p.  266,  pi.  15,  fig.  11.— Vanuxem,  Geol.  New  York;  Rep.  Third  Dist.,  1842, 

p.  48. 
Lingula  attenuataf  Hall  (non  Sowerby),  Pal.  Now  York,  I,  1847,  p.  d^i,  iil.  30, 

fig.  1. 
Lingula  daphne  Billings,  Pal.  Fossils,  I,  1862,  p.  50. 
f  Liugula  attenuata  A.  Ulrioh,  N.  Yahrb.  f.  Mineral,  Beilageband,  VIII,  1892,  p.  7, 

pi.  1,  fig.  3. 
Loc.  Cilens  Falls,  Trenton  FalU,  Middleville,  New  York;  Wisconsiu;  Montreal 

and  Ottawa,  Canada;  f  near  Vacas,  Bolivia. 

Qlosfliiia  triangalata  (Kettelrotb).  Hamilton  (Dev.). 

Lingula  triaugulata  Nettelroth,  Kentucky  Fossil  Shelln,  Mem.  Kentucky  Geol. 

Survey,  1889,  p.  34,  pi.  26,  fig.  1. 
Loc.  FaUs  of  Ohio. 

Glossina  waverlyensis  (Herrick).  Waverly  (L.  Carb.). 

Lingula  scotioa??  Meek,  Pal.  Ohio,  II,  1875,  p.  276,  pi.  14,  fig.  9. 

Lingula  waverlyensis  Herrick,  Bull.  Denison  Univ.,  IV,  1888,  pp.  12, 18,  pi.  3,  fig. 

1.— Hall  and  Clarice,  Pnl.  New  York,  VIII,  Pt.  I,  1892,  p.  9,  pi.  4K,  fig.  7. 
Lingula  (scotica  var. )  waverlyensis  Herrick,  (leol.  Ohio,  VII,  1895,  pi.  22,  fig.  1. 
Loc.  Berea  and  Newark,  Ohio;  Oil  City,  Pennsylvania. 
Obs.  See  G.  setlaliaensis  (Miller). 

Gonloccelia  nall=Penta^onia. 

Gonioccelia  uuiaugulata  Hall=Pentagonia  uuisulcata. 

Gotlandia  Dall=Trimerella. 

Gypidia  Dalman=:Conchidium. 

Gypidia  unguiformis  Ulrich=Conchidium  unguiformiH. 

OYPIDTJLA  Hall.  Genotype  Pentamerus  occidentalis  Hall. 

Gypidula  Hall,  Twt  ntieth  Rep.  New  York  State  Cub.  Nat.  Hist.,  1867,  p.  163;— 
Pal.  New  York,  IV,  1867,  pp.  373, 380.— Walcott,  Mon.  U.  8.  Geol.  Survey,  VIII, 
1884,  p.  161. 

Sieberella  (Ehlert,  Fischer's  Manuel  de  Conchy liologie,  1887,  p.  1311. 

Gypidula  and  Sieberella  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p. 
245;— Thirteenth  Anu.  Rep.  New  York  State  Geol.,  1895,  pp.  845, 846. 

Gypidula  oomis  (Owen).  Middle  Devonian. 

Atrypa  comis  Owen,  Geol.  Rep.  Wisconsin,  Iowa,  Minnesota,  18.52,  p.  583,  pi.  3A, 

fig.  4  (see  specimens  in  U.  S.  Nat.  Mus.,  Cat.  Invert.  Foss.,  17928). 
Pentamerus  (n.  sp.  f )  Owen,  Ibidem,  1852,  pi.  3A,  fig.  11  (Ibidem,  Cat.,  17929). 
Pentamerus  occidentalis  Hall',  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  514,  pi.  6,  fig.  2 

(non  Pentamerus  occidentalis  Hall,  1852). 
Pentamerus  galeatiformis  Meek  and  Worthen,  Geol.  Survey,  Illinois,  II,  1866,  p. 

325. 
Gypidula  occidentalis  Hall,  Pal,  New  York,  IV,  1867,  p.  380,  pi.  58A,  figs.  1-8. 
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Oypidnla  oomis  (Owen) — Continued. 

Peutamerus  comis  Meek  aad  WortheOi  Geol.  Survey  Illinois,  III«  1868,  p.  428,  pi. 

13,  fig.  6.— Whiteaves,  Cont.  Canadian  Pal.,  1, 1892,  p.  290. 
Peutameras  (Gypidiila)  coruis  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  159, 

pi.  3,  figs.  4, 7 ;  pi.  14,  fig.  15 ;  pi.  15,  fig.  5. 
Gypidula  comis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  247,  fig.  177; 

pi.  72,  figs.  15-24. 
Loo.  Independence  and  Davenport,  Iowa;  Rock  Inland,  Illinois;  Eureka  district, 

Nevada;  lakes  Manitoba  and  Winnipegosis,  Canada. 

Gypidnla  coppingeri  (Etheridge).  Silurian. 

Pentamerus  coppingeri  Etheridge,  Quart.  .Jour.  Geol.  Soc.  London,  XXXIY,  1878, 

p.  594,  pi.  25,  figs.  2,  3. 
Loo.  Offley  Island,  lat.  81"^  16'. 

Oypidnla  galeata  (Dalman).      Lower  Helderberg  and  Middle  Devonian. 
Atrypa  galeata  Dalman,  Kongl.  Svonska,  Vet.-Akml.  LlauiU.,  ffir  1827, 1828,  p.  46, 

pi.  5,  fig.  4. — Troost,  Sixth  Geol.  Rep.  Tennessee,  1841,  p.  15. — Vanuxeni,  Geol. 

New  York;  Rep. Third  Dist.,  1842, p.  117,  fig.  1.— Castelnau,  Essai  Syst.  Sil. 

rAm^riqne  Septentrionale,  1843,  p.  39,  pi.  14,  fig.  4. 
Pentamems  galeatus  Hall,  Tenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1857, 

p.  105,  figs.  1-3.— Rogers,  Geol.  Pennsylvania,  II,  Pi .  II.  1858,  p.  825,  fig.  646.— 

Hall,  Pal.  New  York,  III,  1859,  p.  257,  pi.  46,  fig.  1;  pi.  47,  tig.  1.— BilliugR, 

Geol.  Canada,  1863,  p.  957,  fig.  454. 
Pentamerus  galeatus  var.  Whiteaves,  Cont.  to  Canadian  Pal.,  I,  1891,  p.  234. 
Sieberella  galeatus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  246, 

fig.  175;  pi.  72,  figs.  7-13. 
Loo.  Europe;  Albany  and  Schoharie  counties,  New  York ;  Cumberland,  Maryland ; 

Pennsylvania;  St.  Blandine,  New  Brunswick;  Mackenzie  River,  Canada. 

Gypidnla  globnlosa  (Nettdroth).  Niagara  (Sil.). 

Pentamerus  globulosus  Nettelroth,  Kentucky  Fossil  Shells;  Mem.  Kentucky  Geol. 

Survey,  1889,  p.  54. 
Loo.  Louisville,  Kentucky. 

Oypidnla  knotti  (Nettelroth).  Niagara  (Sil.). 

Pentamerus  knotti  Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol. 

Survey,  1889,  p.  56,  pi.  32,  figs.  9-12. 
Loo,  Louisville,  Kentucky. 

Oypidnla  IflBvinBonla  Hall.  Middle  Devouian. 

Gypidnla  laeviuscula  Hall,  Pal.  New  York,  IV,  1867,  p.  381,  pi.  58,  figs.  22,  23.— 
Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  U,  1893,  p.  248,  pi.  72,  figs.  25, 26. 
Loo.  Waterloo,  Iowa. 

Oypidnla  lotis  (Walcott).  Upper  DevoDian. 

Pentamerus  lotis  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  18W,  p.  161,  pi.  3,  fig.  1». 
Gypidula  lotis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  248. 
Loc.  White  Pine  mining  district,  Nevada. 

Oypidnla  mnnda  Galviu.  Middle  Devoniau. 

Gypidnla  munda  Calvin,  Bull.  U.  S.  Geol.  Geogr.  Survey  Terr.,  IV,  1878,  p.  730. 
Gypidula  mundula  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  248. 
Loc.  Independence,  lown. 

Oypidnla  nnclens  (Hall  and  Whitfield).  !  Clinton  (Sil.). 

Pentamerus  galeatus  HcCll  and  Whitfield,  Twenty-fourth  Rep.  New  York  State 

Cab.  Nat.  Hist.,  1872,  pi^.  197,  200a. 
Pentamerus  nnclens  Hall  and  Whitfield,  Twenty-seventh  Rep.  New  York  State 
Cab.  Nat.  Hist.,  1875,  pi.  9,  lig^.  30-32.— Nettelroth,  Kentucky  Fossil  Shells, 
Mem.  Kentucky  Geol.  Survey,  1889,  p.  59,  pi.  27,  figs.  25-27;  pi.  33,  lig8.27-33. 
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Oypidula  nuclens  (Hall  and  Wliitfield)— Goiitiuued. 

SiebereUa  nacleas  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  247, 

pi.  72,  figa.  1-3. 
Loc.  Lonisville,  Kentuck}'.  • 

Gypidala  occiden talis  Hall=G.  comis. 

Gypidnla  pseudogaleata  (Hall).  Lower  Helderberg  (Dev.). 

Pentamerus  pseudogaleata s  Hall,  Tenth  Rep.  New  York  Stjite  Cab.  Nat.  Hist., 

18:>7,  p.  106,  figs.  1-6;— Pal.  New  York,  HI,  1859,  p.  259,  pi.  46,  fig.  2. 
SiebereUa  psendogaleat-a  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p. 

242,  pi.  72,  fig.  14. 
Loc.  Schoharie  and  Carlisle.  New  York. 

Gypidnla  rcDmeri  (Hall  and  Clarke).  Silurian. 

Pentamems  galeatns  Roemer  (not  Dalman),  Sil.  Fauna  west.  Tennessee,  1860,  p. 

73,  pi.  5,  fig.  14. 
SiebereUa  roemeri  Hall  and  Cl^ke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  247,  pi. 

72,  fig.  6. 
Loo,  Decatur  County,  Tennessee. 

Oypidula  romiiigeri  Hall  and  Clarke.  Hamilton  (Dev.). 

Gypiduia  romingeri  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  248, 

pi.  72,  figs.  27-33. 
Loc.  Alpena,  Michigan. 

Oypidula  subglobosa  (Meek  and  Worthen).  Hamilton  (Dev.), 

Pentamerus  subglobosus  Meek  and  Worthen,  Geol.  Survey  Illinois,  III,  1868,  p. 

429,  pi.  13,  fig.  5. 
Gypidnla  subglobosa  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  248. 
Loc.  Rock  Island,  Illinois. 

Oypidula  uniplioata  (Nettelrotb).  Niagara  (Sil.). 

Pentamerus  nniplicatus  Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky 

Geol.  Survey,  1889,  p.  63,  pi.  33,  figs.  25,26. 
SiebereUa  uniplicata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  247. 
Loc.  Louisvillo,  Kentucky. 

HAETTDTA  Hall  and  Clarke.  Genotype  Centronella  anna  Hartt. 

Harttina  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  292;--Thirteenth 
Ann.  Rep.  New  York  State  Geologist,  1895,  p.  862. 

Harttina  coutinhoana  (Derby).  Upper  Carboniferous. 

Woldheimia  coutinhoana  Derby,  Bull.  Cornell  Univ.,  I,  1874,  p.  3,  pi.  3,  fig.  22; 

pi.  8,  fig.- 6;  pi.  9,  figs.  1, 2. 
Harttina  coutinhoana  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  292. 
Loc.  Bomjardim,  Brazil. 

Harttina  anna  (Hartt).  Upper  Carboniferous. 

Centronella  anna  Hartt,  Dawson's  Acadian  Geol.,  3d  ed.,  1878,  p.  300,  fig.  99. 
Harttina  anna  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  292,  figP. 

211,212;  pi.  79,  figs.  37-39. 
Aoc.  Windsor,  Nova  Scotia. 

Hallina  Winchell  and  Scbachert=Zyg08pira. 

HEBERTELLA  Hall  and  Clarke.  Genotype  Orthis  siniiata  Hall. 

Group  of  Orthis  occidental  Is  Hall,  Bull.  Geol.  Soc.  America^  I,  1889,  p.  20. 

Hebertella  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  198, 222.— 
Winchell  and  Schuchert,  Minnesota  Geol.  Survey,  III,  1893,  p.  432.— Hall 
and  Clarke,  Eleventh  Ann.  Rep.  New  York  State  Geologist,  1894,  p.  266. 
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Hebertella  battis  (Billings).  Galcileroas  (Ord.). 

Orthia  battis  BilliDgs,  Pal.  Fossils,  I,  1865,  p.  185. 

Hebertella  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  222. 

Lo^,  Point  Levis,  Canada. 

Hebertella  bellirngosa  (Conrad).  Trenton  (OnL^. 

Orthis  bellarugosa  Conrad,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  I,  1843,  p.  333.— 

Hall,  Pal.  New  York,  I,  1847,  p.  118,  pi.  32,  fig.  3. 
Hebertella  bollanigosa  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p. 222. 
Orthis  (Hebertella?)  bellarugosa  Wiuc-hell  and  Bobuchert,  Minnesota  G«ol.  Snr- 

vey,  III,  1803,  p.  434,  pi.  33,  figs.  1-4. 
Loc,  Mineral  Point,  Janesville,  Necnah,  etc.,  Wisconsin;  Minneapolis,  St.  Panl, 

Cannon  Falls,  etc.,  Minnesota;  Decorah  and  McGregor,  Iowa;  CurdsTine. 

Kentucky;  Rutherford  County,  Tennessee. 

Hebertella  borealis  (Billings).  Chazy-Trenton  (Ord.). 

Orthis  borealis  Billings,  Canadian  Nat.  Geol.,  IV,  1859,  p.  436,  fig.  14; — GeoL 
Canada,  1863,  p.  129,  fig.  56-  p.  167,  fig.  148.— Meek,  Pal.  Ohio,  I,  1873,  p.  101, 
pi.  8,  fig.  4. — Miller,  Cincinnati  Quart.  .lonr.  Sci.,  II.  1875,  p.  28. — Nettelrofh, 
Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  36,  pi.  34,  figs. 
14-20. 

Hebertella  borealis  Hall  and  Clarke,  Pal.  New  York,  VII!,  Pt.  1,  1892,  p.  222. 

Orthis  (Hebertella)  borealis  Winchell  and  Schuchert,  Minnesota  Geol.  Survey, 
III,  1893,  p.  433,  fig.  33. 

Loc,  Canghnawaga,  St.  (>enevieve,  Isle  Bizard,  and  Cornwall,  Canada;  Frank- 
fort, ICentucky;  Nashville,  Tennessee;  Cannon  Falls,  etc.,  Minnesota;  Wis- 
consin (Whitfield). 

Hebertella  daytonenslB  (Foerste).  Clinton  (Sil.). 

Orthis  daytonensis  Foerste,  Bull.  Denison  Univ.,  I,  1885,  p.  87,  pi.  13,  fij^s.  13^ 

20,  21. 
Hebertella  daytonensis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt*  I,  1892,  p.  222. 
Orthis  (Hebertella)  daytonensis  Foerste,  Geol.  Ohio,  VII,  1895,  p.  575,  pi.  25, 

figs.  13,  20,  21. 
Loc,  Dayton,  Ohio. 

Hebertella  faiuta  (Foer.ste).  Clinton  (Sil.). 

Orthis  fausta  Foerste,  Bull.  Denison  Univ.,  I,  1885,  p.  85,  pi.  13,  figs.  15,  16. 
Hebertella  fausta  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  222. 
Orthis  (Hebertella)  fausta  and  var.  squamosa  Foerste,  Geol.  Ohio,  VII,  1895,  pp. 

573,  574,  pi.  25,  figs.  15a-15d,  16a,  16b;  pi.  37A,  figs.  19a,  19b. 
IjOO,  Dayton,  Ohio. 

Hebertella  imperator  (Billings).  Cbazy  (Ord.). 

Orthis  imperator  Billings,  Canadian  Nat.  Geol.,  IV,  1859,  p.  435,  figs.  11-13;— 

Geol.  Canada,  1863,  p.  129,  fig.  55. 
Hebertella  imperator  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  222. 
Loc.  Hawkesbury  and  Cornwall,  Canada. 

Hebertella  inwulpta  Hall.  Lorraine  (Ord.). 

Orthis  insculpta  Hall,  Pal.  New  York,  I,  1847,  p.  125,  pi.  32,  fig.  12.— Billings, 
Geol.  Canada,  1863,  p.  167,  fig.  150.— Meek,  Pal.  Ohio,  I,  1873,  p.  99,  pi.  9, 
fig.  1.— Miller,  Cincinnati  Quart.  Jour.  Sci.,  II,  1875,  p.  40. 

Orthis  bellarugosa  Hall  (uon  Conrad),  Second  Ann.  Rep.  New  York  State  (ieol., 
1883,  pi.  35,  fig.  22. 

Hebertella  insculpta  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  222, 
pi.  5A,  fig.  13. 
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Hebertella  insenlpta  Plall — Gontiuaed. 

Orthis  (Hebertella)  iDHcuIpta  Wiiicbell  and  ScUuchert,  Minnesota  Geol.  Surv^ey, 

III,  1893,  p.  435. 
Loc.  Oxford,  etc.,  Ohio;  Bicbmoud,  Indiana;  Wilmington,  Illinois;  Iron  Ridge, 
Wisconsin ;  Lattners,  Iowa. 

HeberteUa  lonirnds  ( Walcott).  Pogoiiip  (Ord.). 

Orthis  lonensis  Walcott,  Mon.  U.  S.  Geol.  Survey,  YIII,  1884,  p.  74,  pi.  11,  fig.  6. 
Hebertella  lonensis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  222. 
Loc,  Eureka  district,  Nevada. 

HeberteUa  maria  (Billings).  Lorraine  (Ord.)* 

OrthiH  maria  BiJliugs,  Pal.  FoKsils,  I,  1862,  p.  137,  fig.  114. 
Hebertella  sinuHta  or  mariaf  Hall  and  Clarke,  Pal.  New  York,  YIII,  Pt.  1. 1892, 

p.  222,  pi.  6A,  figs.  9,  10. 
Loc.  Anticosti ;  Colby,  Kentucky. 

Hebertella  ooddentalis  Hall.  Lorraine  (Ord.). 

Orthis  occidenUlis  Hall,  Pal.  New  York,  I,  1847,  p.  127,  pi.  32A,  fig.  2;  pi.  32B, 
tig.  1;— Twelfth  Rep.  New  York  State  Cab.  Nat.  Hist.,  18.59,  p.  72.— Billings, 
Geol.  Canatla,  1863,  p.  210,  fig.  210.— Meek,  Pal.  Ohio,  I,  1873,  p.  96,  pi.  9,  fig. 
3.— White,  Wheeler's  Expl.  Survey  west  100th  Merid.,  IV,  1875,  p.  70,  pi.  4,  fig. 
11.— Miller,  Cincinnati  Quart.  Jour.  Sci.,  II,  1875,  p.  34.— White,  Second  Ann. 
Hep.  Indiana  Bureau  Statisticsand  Oeol.,  1880,  p.  485,  pi.  2,  figs.  10-12 ;— Tenth 
Rep.  State  Geol.  Indiana,  1881,  p.  117,  pi.  2,  figs.  10-12.- Whitfield,  Geol. 
Wisconsin,  IV,  1882,  p.  260,  pi.  12,  figs.  17,  18.— Hall,  Second  Ann.  Hep.  New 
York  SUteGeol.,  1883,  pi.  34,  figs.  31-34;  pi.  35,  figs.  16-21. 

Orthis  subjugate  Hall,  Pal.  New  York,  I,  1847,  p.  129,  pi.  32C,  fig.  1. 

Orthis  subjngata(f)  Owen,  Geol.  Survey  Wisconsin,  Iowa,  Minnesota,  1852,  pi. 
2B,  figs.  4,  5  (see  specimens  in  U.  S.  Nat.  Mus.,  Cat.  Invert.  Foss.,  17885). 

Hebertella  occidentalis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  222, 
pi.  5 A,  figs.  11,  12. 

Loe.  Cincinnati,  Oxford,  etc.,  Ohio;  Richmond,  Indiana;  Savanna,  Illinois; 
Cape  Girardeau,  Missouri ;  Delafleld,  Wisconsin ;  Silver  City,  New  Mexico. 

HeberteUa  occidentalis  sinnata  Hall.  liorraiuc  (Ord.). 

Orthis  sinuata  Hall,  Pal.  New  York,  I,  1847,  p.  128,  pi.  32B,  fig.  2.— Miller,  Cin- 
cinnati Quart.  Jour.  Sci.,  II,  1875.  p.  36. — Shaler,  Fossil  Brachiopoda  Ohio 
Valley,  1887,  pi.  8. 

Orthis  occidentalis  var.  siuuata  Meek,  Pal.  Ohio,  I,  1873,  p.  98. 

Hebertella  sinnata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  222,  pi. 
5A,  figs.  1-8. 

Loc,  Cincinnati,  Ohio. 

Hebertella  scoviUi  (Miller).  Lorraine  (Ord.). 

Orthis  scovilll  Miller,  Jour.  Cincinnati  Soc.  Nat.  Hist.,  V,  1882,  p.  40,  pi.  1,  fig.  5. 
Hebertella  scovilli  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  222. 
Loe.  Lebanon,  Ohio. 

fiemipronites  americanua  Whitfield=:Clitainboiiites  diversus. 
Hemipronites  apicalis  Whitfield=Polytoecliia  apicalis. 
HemiproDites  crassns  McChe8ney=Derbya  crassa. 
Hemipronites  crenistria  White  (uon  Meek  or  Phillips) =Derbya  crassa. 
Hemipronites  crenistria  Meek,  and  Herrick=:Orthotbetes  crenistria. 
Hemipronites  propinquus  Meek  and  Worthen=Ortliothetes  subplanus. 

HEMITHYMS  d'Orbigny.  Genotype  Hhynclionella  psittacea  Gmel. 

Hemithyris  d'Orbigny,  Ann.  Sci.  Nat.,  VIII,  1850,  p.  246;  XIII,  1850,  p.  322. 
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Hemithyrifl  psittaoea  (Chemnitz).  Pliocene  and  Recent. 

Anomia  rostrum  psittacoa  Chemnitz,  Neuee  syst.  Conrh.-Cab.,  VIII,  1785,  pi.  78, 

fig.  713. 
Kliynchoiiellapsittacea  Davidson,  Trans.  Linna^an  Sor.  London,  IV,  1887,  p.  163, 

pi.  24,  figs.  1-11. 
Loc,  Fossil.  Gnlf  of  >St.  Lawrence,  (*anada. 

HETEEORTHIS  Hall  and  Clarke.  Genotype  Ortliis  clytie  Hall. 

Hetororthis  HaU  and  Clarke,  Tal.  New  York,  VIII,  Pt.  I,  1892,  pp.  207,  223;— 
Eleventh  Ann.  Rep.  New  York  State  Geologist,  1894,  p.  268. 

Heterortlus  dytie  Hall.  Trenton  (Ord.). 

Ortliis  clytie  Hall,  Fourteenth  Rep  New  York  State  Cab.  Nat.  Hist.,  1861,  p.  90  ;— 

Fifteenth  Rep.,  Ibidem,  l!^62,  pi.  2,  fign.  4, 5. — Miller,  Cincinnati  Quart.  Jour. 

Sci.,  II,  1875,  p.  34.— Hall  and   Whitfield,  Pal.  Ohio,  II,  1875,  p.  75,  pi.   1, 

figs.  18, 19. 
Ileterorthis  clytie  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  202, 

223,  pi.  5B,  figs  20-24.     ' 
Loc.  Frankfort  aud  Paris,  Kentucky. 

HINPELLA  Davidson.  Genotype  Athyris  nmbonata  Billings. 

Hindella  Davidson,  Suppl.  British  Sil.  Brach.,  Pal.  Soc,  1882,  p.  130.— HaU  and 
Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  63,  figs.  46-51 ;— Thirteenth 
Ann.  Rep.  New  York  State  Geologist,  1895,  p.  769. 

Hindella  prinstana  (Billings).  Anticosti  (Sil.). 

Athyris  prinst.iua  Billings,  Pal.  Fossils,  1, 1862,  p.  145,  fig.  122. 
Meristella prinstaua  Miller,  N.  American  Geol.  Pal,,  1889,  p.  354. 
Hindella  prinstaua  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  64,  pi. 

41,  fig.  28;  pi.  49,  fig.  1. 
Loc.  Anticosti. 

Hindella  nmbonata  (Billings).  Anticosti  (Sil.). 

Athyris  nmbonata  Billings,  Pal.  Fossils,  I,  1862,  p.  144,  fig.  121;— Geol.  Canada, 

1863,  p.  317,  fig.  331. 
Hindella  nmbonata  Davidson,  Suppl.  British  Sil.  Brach.,  Pal.  Soc,  1882,  p.  130, 

fig.  in  text.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  64,  fig«. 

46-51 ;  pi.  41,  figH.  26, 27,  29, 30. 
Meristella  nmbonata  FotTste,  Bull.  Denison  Univ.,  I,  1885,  p.  88,  pi.  13,  fig.  2; — 

Geol.  Ohio,  VII,  1895,  p.  590,  pi.  25,  fig.  2. 
Loc.  Anticosti;  Dayton,  Ohio  (Foerste). 

HIPPARIONYX  Vaniixein. 

Genotype  Hipparionyx  proximas  Vanuxera. 
Hipparionvx  Vanuxeni,  (tool.  New  York;  Rep.  Third  Dist.,  1842,  p.  124,  fig.4.— 
Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  257 ;— Eleventh  Ann. 
Rep.  New  York  State  Geologist,  1894,  p.  284. 

Hipparionyx  eonsimilaris  Vannxem=Atrypa  reticularis. 

Hipparionyx  proximus  Vannxcm.  Oriskany  (Dev.). 

Hipparionyx  proximus  Vauuxeui,  Geol.  New  York;  Rep.  Third  Dist.,  1842,  p.  124, 

fig.  29,  No.  4.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  257, 

pi.  9,  figs.  33-36;  pi.  15A,  fig.«.  9-11. 
Atrypa  unguiforniis  (Conrad)  Hall,  Geol.  New  York;  Rep.  Fourth  Dist.,  1843, 

p.  149,  fig.4.— Rogers,  (ieol.  Pennsylvania,  II,  Pt.  II,  1858,  p.  826,  fig. 651 
Orthis  conradi  Casteluau,  Essai  Svst.  Sil.  rAm<^riqne  Septentrionale,  1843,  p.  37, 

pi.  15,  fig.  4. 
OrthiJ  ungiiiformis  Castelnan,  Ibidem,  1843,  p.  37,  id.  15,  fig.  3. — Emmons,  Manual 

Geol.,  1860,  p.  129,  fig.  115. 
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Hipparionyx  prozimus  Vannxeni — Continued. 

Orthie  hipparionyx  Hall,  Pal.  New  York,  III,  1859,  p.  407,  pi.  89,  figs.  1-4;  pi.  90, 

figs.  1-7;  pi.  91,  figs.  4, 5;  pi.  94,  fig.  4. 
Strophotlonta  interoiedia  Hall,  ]>al.  New  York,  III,  1859,  p.  482,  pi.  95A,  figs. 

13, 14. 
Streptorhynchus  liipparionyx  Mall,  Second  Ann.  Rep.  New  York  State  Geol., 

1883,  pi.  30,  figs.  33-36. 
Loc,  Schoharie  and  Albany  counties.  New  York;  Frankstown,  Pennsylvania; 

Camberlaud,  Maryland;  Caynga,  Ontario. 
Ohs.  This  species  does  not  occur  in  Germany  according  to  Kayser. 

HOMCEOSPIEA  Hall  and  Clarke.       Genotype  Khyncbospira  evax  Hall. 
Homcpospira  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  112;— Thir- 
teenth Ann.  Rep.  New  York  State  Geologist,  1895,  p.  792. 

HomoBOspira  apriniformifl  Hall.  Niagara  (Sil.). 

Atrypa  aprinis  Hall  (non  de  Vomeuil),  Pal.  New  York,  11,  1852,  p.  280,  pi.  57, 

fig.  7. 
Rhynchospiraf  aprinis  Hall,  Twelfth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1859, 

p.  77. 
Rhynchospira  apriniformis  Hall,  Pa].  New  York,  III,  1859,  p.  485. 
Rhynchonella  aprinis  Miller,  N.  American  Geol.  Pal.,  1889,  p.  367. 
Homcpospira  apriniformis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893, 

p.  Ill,  pi.  83,  figs.  24,  25. 
Loc,  Lockport,  Now  York. 

HomoBOBpira  evax  Hall.  Niagara  (Sil.). 

Rhynchospira  evax  Hall,  Trans.  Albany  Institute,  IV,  1863,  p.  213. 

Retzia  evax  Hnll,  Twenty-eighth  Rep.  New  York  State  Mns.  Nat.  Hist.,  1879, 

p.  160,  pi.  25,  figs.  13-21 ;— Eleventh  Rep.  State  Geol.  Indiana,  1882,  p.  302, 

pi.  25,  figs.  13-21.— Beecher  and  Clarke,  Mem.  New  York  State  Mas.,  I,  1889, 

p.  55,  pi.  5,  figs.  1-9. 
Homceospira  evax  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  112,  pi. 

50,  figs.  15-20  (?32-35). 
Loc.  Waldron,  Indiana ;  f Perry  County,  Tennessee. 

HomoBOfpira  sobrina  (Beecher  and  Clarke).  Niagara  (Sil.). 

Retzia  sobrina  Beecher  and  Clarke,  Mem.  Now  York  State  Mas.,  1, 1889,  p.  61, 

pi.  5,  figs.  10-16. 
Homcposptra  sobrina  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  112, 

pi.  50,  figs.  26-28. 
Loc.  Waldron,  Indiana. 

HTFSTEDIA  Hall  and  Clarke.    Genotype  Terebratula  mormoni  Marcon. 
Hustedia  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  120;— Thirteenth 
Ann.  Rep.  New  York  SUte  Geologist,  1895,  p.  797. 

Hiutedia(t)  meekana  (Shuinard).  Upper  Carboniferous. 

Retzia(?)  raeekana  Shnmard,  Trans.  St.  Louis  Acad.  Sci.,  I,  1858,  p.  295,  pi.  11, 

fig.  7. 
Loc.  Guadalupe  Mountains,  New  Mexico. 

Hustedia  mormoni  (Marcou).  Upper  Carboniferous. 

Terebratula  mormoni  Marcou,  Geol.  N.  America,  February,  1858,  p.  51,  pi.  6, 

fig.  11;— Trans.  St.  Louis  Acid.  Sci.,  Ill,  1875,  p.  252. 
Retzia  punctulifera  Shumard,  Trans.  St.  Louis  Acad.  Sci.,  I,  Jane,  1858,  p.  220. — 

MeChesney,  Trans.  Chicago  Acad.  Sci.,  1,  1868,  p.  32,  pi,  1,  fig.  1. — Meek, 

Final  Rep.  U.  S.  Geol.  Survey  Nebraska,  1872,  p.  181,  pi.  1,  fig.  13;  pi.  5, 

fig.  7. 
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Hnstadim  mormoni  fMarcon) — Continned. 

Betzia  uiormoni  Meek  and  Hay  den,  Proc.  Acad.  Xat.  8ci.  Philadelphia,  1859,  p. 
27.— <;einitz.  Carb.  n.  Dyas  Nebraska,  1866.  p.  39,  pi.  3,  fi^.  6.— Wliite. 
Wheeler  M  KxpL  Sorvey  west  lOCah  Merid.,  IV,  1875.  p.  141,  pi.  10,  fig.  7;— 
TLirte«nth  Kep.  State  Geol.  Indiana,  18K4,  p.  136.  pi.  35,  figs.  10-12.— Keyes*. 
PriK*.  Aca^l.  Nat.  Sci.  Philadelphia,  1888,  p.  231;~Oeol.  Snrvey  Missouri.  V, 
1895,  p.  95,  pi.  41,  fig.  2. 

Retzia  finbglobcHa  MeCbesney,  Descriptions  New  Pal.  F/ns..  1860,  p.  45; — Ibidem, 
1S65,  pi.  1,  tig.  1. 

Retzia  compressa  Meek,  (icol.  Survey  California,  I,  18&I,  p.  14,  pi.  2,  fig.  7.— 
Kayfier,  Kichthofens  China,  IV,  l«j<:?,  p.  176,  pi.  22,  figs.  1-4. 

Enmetria  pnnctalifera  Derby,  Bull.  Cornell  Univ.,  I,  1874,  p.  4,  pi.  8,  figs.  4,  5. 
7,  8,  10;  pi.  9,  fig.  3. 

Retzia  radialis  Walcott  (non  Phillips),  Mon.  U.  S.  Geol.  Survey,  Till,  1884,  p. 
220,  pi  7,  figs.  5d-5h.— Smith,  Froc.  American  Phil.  Soc.,  XXXV,  1897,  p.  31. 

Hustedia  mormoni  Hull  and  Ciarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  120, 
fig.  106;  pi.  51,  figs.  1-9. 

Loe.  Salt  Lake  City,  I'tah;  Santa  Ke,  New  Mexico;  Nevada;  Shasta  County, 
California;  Nebraska;  Kansas;  Arkansas;  Missouri;  Iowa;  Illinois;  Indi- 
ana; Bomjardim  and  Itaitnba,  Brazil;  Lo  Ping,  China. 

Hiistadia(?)  papillata  (Sbnmard).  Upper  Carboniferoa^^. 

Retzia  papillata  Shnmard,  Trans.  St.  Louis  Acad.  ScL,  1, 1858,  p.  294,  pi.  11,  fig.  9. 
Loc.  Gnadalu])e  Menu  tains,  New  Mexico. 
Oh$,  Compare  wftli  H.  mormoni. 

Hiittedia(Y)  triang^alaris  (Miller).  Ghontenn  (L.  Garb.). 

Retzia  triangularis  Miller,  Eighteenth  Ann.  Rep.  Geol.  Survey  Indiana,  1891,  p. 

315,  pi.  9,  figs.  25,  26. 
Loc.  Sedalia,  Missouri. 

HTATTELLA  Hall  and  Glarke.        GcDotype  Atrypa  congesta  Gonrad. 

Hyattella  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  61,  fig.  45;— Thir- 
teenth Ann.  Rep.  New  York  State  Geologist,  1895,  p.  767. 

Hyattella  congesta  (Gonrad).  Glinton  (Sil.). 

Atrypa  congesta  Conrad,  Jonr.  Acad.  Nat.  Sci.  Philadelphia,  VIII,  1842,  p.  265, 

pi.  in,  fig.  18.— Hall,  (ieol.  New  York;  Rep.  Fonrth  Dist.,  1843,  p.  71,  fig.2;— 

Pal.  New  York,  II,  1852.  p.  67,  pi.  23,  fig.  L— Billings,  Canadian  Nat.  Geol.. 

I,  1856,  p.  136,  pi.  2,  fig.  4.— Rogers,  Geol.  Pennsylvania,  II,  Pt.  II,  1858.  p. 

823,  lig.  632. 
Atrypa  (luadricostata  Hall,  PaL  New  York,  II,  1852,  p.  68,  pi.  23,  fig.  2. 
Triplesiaf  congesta  Hall,  Twelfth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1859, 

p.  77. 
Tripleftiaf  qnadricostata  Hall,  Ibidem,  1859,  p.  78. 

Rhynchonella  qnadricostata  Miller,  N.  American  Geol.  Pal.,  1889,  p.  369. 
Canierella  rongt^sta  Nettelrotb,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol. 

Survey,  1889,  p.  48. 
Hyattella  congesta  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  61,  fig. 

45;  pi.  40,  ligs.  23-28;  pi.  81,  figs.  26-28. 
Loc.  Rochester,  Reynales  Basin,  etc.,  New  York;  Flamborongh  Head,  Ontario: 

Pennsylvania;  Louisville,  Kentucky. 

HyatteUa  jnnia  (Billings).  Anticosti  (Sil.). 

Athyris  jnnia  Billings,  Catalogue  Sil.  Foss.  Anticosti,  1866,  p.  46. 

Hyattella  jnnia  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  62,  pi.  40, 

figs.  29-31. 
Loc.  Anticosti. 
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HYP0THYRI8  King.  Genotype  Atrypa  cuboides  Sowerby. 

Hypothyris  King  (non  Phillips),  Ann.  Mag.  Nut.  Hist.,  XVIII,  1846,  p.  28;— 
Mon.  Permian  Foss.,  Pal.  Soc,  1850,  pp.  81,  100,  111.— Hall  and  Clarke,  Pal. 
New  York,  VIII,  Pt.  II,  1893,  p.  200 ;— Thirteen tli  Ann.  Rep.  New  York  State 
Geologist,  1895,  p.  828. 

fiypotbyris  castanea  (Meek).  Middle  Devoniau. 

Khynchonella  casitauea  Meek,  Trans.  Chicago  Acad.  8ci.,  1, 1868,  p.  93,  pi.  13, 

'fig.  9.— Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  153,  pi.  15,  figs.  1, 

4._Whiteave8,  Cont.  to  Canadian  Pal.,  I,  1891,  p.  232. 

Liorhynchns  castaneus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi. 

59,  figs.  28,  29. 
Loc.  Lockhart  and  Mackenzie  River,  Canada;  Eureka  district,  Nevada. 

fijpothyrifl  cuboides  (Sowerby).  Tally  (Dev.). 

Atrypa  cuboides  Sowerby,  Trans.  Geological  Soc,  2d  ser.,  V,  1840,  pi.  6,  fig.  24.— 

Vanuxeni,  Geol.  New  York ;  Rep.  Third  Dist.,  1842,  p.  163,  fig.  1.— Hall,  Ibidem, 

Rep.  Fourth  Dist.,  1843,  pp.  215,  216,  fig.  1. 
Rhynchonella  venustnla  Hall,  Pal.  New  York,  IV,  1867,  p.  346,  pi.  54A,  figs.  24- 

43._\Villiains,  Bull.  Geol.  Soc.  America,  I,  1890,  p.  493,  pi.  13,  figs.  4,  8,  14, 

23,  24,  27,  29,  31-34. 
Hypothyris  cuboides  and  yennstula  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II, 

1893,  p.  200,  pi.  60,  figs.  49-56. 
Loc.  Europe;  Tnlly,  Ovid,  Penn  Yan,  etc.,  New  York. 

HypothyiiB  emmonfli  (Hall  and  Whitfield).  Middle  Deyonian. 

Rhynchonella  emmonni  Hall  and  Whitfield,  King's  U.  S.  Geol.  Expl.  40th  Pari., 

IV,  1877,  p.  247,  pi.  3,  figs.  4-8.— Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII, 

1884,  p.  157. 
Rhynchonella  intermedia  Barris,  Proo.  Davenport  Acad.  Nat.  Sci.,  II,  1878,  p. 

285,  pi.  11,  figs.  5,  6. 
Rhynchonella  cuboides  AVhiteaves,  Cont.  to  Canadian  Pal.,  I,  1891,  p.  231. 
Hypothyris  eramonsi  and  intermedia  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt. 

II,  1893,  p.  200. 
Loc,  White  Pino  district,  Nevada;  Davenport,  Iowa;  Hay  and  Peace  rivers, 

Canada. 

IPHIBEA  Billings.  Genotype  Ipludea  bella  Billings. 

Iphidea  Billings,  Canadian  Nat.  Geol.,  n.  ser.,  A'l,  1872,  p.  477;— Pal.  Fossils,  II, 

1874,  p.  76.— Walcott,  Bull.  U.  S.  Geol.  Survey,  30,  1886,  p.  100.— Hall  and 

Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  97,  166;— Eleventh  Ann.  Rep. 

New  York  State  Geologist,  1894,  p.  249.— Walcott,  Proc.  U.  S.  National  Mus., 

XIX,  1897,  p.  707. 
Mieromitra  Meek,  Sixth  Ann.  Rep.  U.  S.  Geol.  Survey  Terr.,  1873,  p.  479. 
Kutorgina  (pars)  Dall,  Bull.  U.  S.  National  Mus.,  8,  1877,  p.  40.— Walcott,  Bull. 

U.  S.  Geol.  Survey,  30,  1886,  p.  101.— Hall  and  Clarke,  Pal.  New  York,  VIII, 

Pt.  I,  1892,  p.  90. 
Paterjna  Beecher,  American  Jour.  Science,  3d  ser.,  XLI,  1891,  p.  345. — Hall  and 

Clarke,  Eleventh  Rep.  N.  Y.  State  Geologist,  1894,  p.  247. 

Iphidea  alabamaensis  Walcott.  Middle  Cambrian. 

Iphidea  alabamaensis  Walcott,  Proc.  U.  S.  National  Mus.,  XIX,  1897,  p.  713,  pi. 

59,  figs.  5, 5a. 
Loc,  Coosa  Valley,  Cherokee  County,  Alabama;  near  Rogersville,  Tennessee. 

Iphidea  bella  Billings.  Lower  Cambrian. 

Iphidea  bella  Billings,  Canadian  Nat.  Geol.,  n.  ser.,  VI,  1872,  p.  447,  fig.  13;— 

Pal.  Fossils,  II,  1874,  p.  76,  fig.  44.— Walcott,  Bull,  U.  S.  Geol.  Survey,  30, 1886, 
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Iphidea  bella  Billings — Continued. 

p.  100,  pi.  7,  fig.  4;— Tenth  Ann.  Rep.  U.  8.  Geol.  Survey,  1891,  p.  608,  pi.  67, 
fig.  6.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  98,  fig.  54,  pi.  4, 
figs.  8,  9. 
Loc.  Trois  Pistoles,  below  Quebec,  Canada;  Anse  an  Loup,  Labrador. 

Iphidea  oreniBtria  Walcott.  Middle  Cambrian. 

Iphidea  crenlstria  Walcott,  Proc.  U.  S.  National  Mus.,  XIX,  1897,  p.  713,  pi.  59,  figs. 

4-4b. 
Loo.  Grand  Canyon  of  the  Colorado. 

Iphidea  labradorica  (Billings).  Lower  Cambrian. 

Obolns  labradoricuB  Billiugs,  Oeol.  Vermont,  II,  1861,  p.  946,  fig.  345;— Pal.  Fos- 
sils, I,  1861,  p.  G,  fig.  6;— Geol.  of  Canada,  1863,  p.  284,  fig.  291. 

Katorgina  labradorica  Walcott,  Bull.  U.  S.  Oeol.  Survey,  30, 1886,  p.  104,  pi.  9, 
fig.  2;— Tenth  Ann.  Rep.  U.  S.  Geol.  Survey,  1891,  p.  609,  pi.  69,  fig.  3. 

Paterina  labradorica  Beecher,  American  Jour.  Sci.,  3d  ser.,  XLI,  1891,  pp.  ^45, 
356,  pi.  17,  figs.  1,  2, 

Loc.  Ause  au  Loup,  Straits  of  Belle  Isle,  Labrador;  Conception  Bay,  New- 
foundland. 

Iphidea  labradorica  swantonensis  Walcott.  Lower  Cambrian. 

Kntorgina  labradorica  var.  swantonensis  Walcott,  Proc.  U.  S.  Nat.  Mus.,  XII, 

1889,  p.  36;— Tenth  Ann.  Rep.  U.  S.  Geol.  Survey,  1891,  p.  609, pi. 69,  fig.  2. 
Loc.  East  of  Swanton  and  Highgate  Springs,  Vermont. 

Iphidea  logani  Walcott.  Middle  Cambrian. 

Iphidea  logani  Walcott,  Proc.  U.  S.  National  Mus.,  XIX,  1897,  p.  711,  pi.  59,  figs. 

2-2b. 
Loc.  Trois  Pistoles,  Quebec,  Canada. 

Iphidea  ornatella  Hall  and  Clarke=I.  superba. 

Iphidea  pammliu  (White).  Lower  and  Middle  Cambrian. 

Trematis  pannulus  White,  Wheeler's  Expl.  Survey  west  100th  Merid.,  Prel.  Rep., 

1874,  p.  6. 
Trematisf  pannulus  White,  Ibidem,  Final  Rep.,  IV,  1875,  p.  36,  pi.  1,  fig.  4. 
Kntorgina  pauuula  Walcott,  Bull.  U.  S.  Geol.  Survey,  30, 1886,  p.  105,  pi.  7,  fig.  3; 

pi.  8,  fig.  2;— American  Jour.  Sci.,  3d  ser.,  XXXIV,  1887,  p.  190,  pi.  1,  fig.  14;— 

Tenth  Ann.  Rep.  U.  ft.  Geol.  Survey,  1891,  p.  609,  pi.  69,  fig.  5. 
Loc.  Pioche,  Nevada;  AVasatch  Mountains,  Utah;  Mount  Stephan  and  Castle 

Mountain,  British  Columbia;  Washington  County,  New  York;   Island  of 

Orleans  in  the  Sillery  conglomerate. 

Iphidea  pealei  Walcott.  Middle  Cambrian. 

Iphidea  pealei  Walcott,  Proc.  U.  S.  National  Mus.,  XIX,  1897,  p.  712,  pi.  59,  figs. 

3-3c. 
Loc.  Near  Hillsdale,  Montana. 

Iphidea  prospectensiB  Walcott.  Lower  Cambrian. 

Kntorgina  prospectensis  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  pi  19,  pi.  9, 

fig.  1;— Bull.  U.  S.  Geol.  Survey,  30,  1886,  p.  106,  pi.  9,  tig.  3;— Tenth  Ann. 

Rep.  IT.  S.  Geol.  Survey,  1891,  p.  610,  pi.  69,  fig.  4. 
Loe.  Eureka  district,  Nevada. 

Iphidea  scnlptiliB  Meek.  Upper  Cambrian. 

Iphidea  (ff)  sculptilis  Meek,  Sixth  Ann.  Rep.  U.  S.  Geol.  Survey  Territories, 

1873,  p.  479. 
Micromitra  sculptilis  Meek,  Ibidem,  1873,  p.  479. 
Kutorgina  minntissima  Hall  and  Whitfield,  King's  U.  S.  Geol.  Expl.  40th  ParL, 

IV,  1877,  p.  207,  pi.  1,  figs.  11,  12. 
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Iphidea  tenlptilis  Meek — Gontinaed. 

KatorginascalptiliB  Walcott,  Mod.  U.  8.  Geo!.  Sarrny,  YIII,  1884,  p.  20,  pi.  1,  flg.  7 ; 

pi.  9,  fig.  7. 
Loc.  Gallatin  City,  Montana;  £nreka  district,  Nevada. 
Oh9.  The  ventral  pedicle  foramen  in  this  species,  the  genotype  of  Mioromitra,  is 

partially  closed  posteriorly,  but  otherwise  does  not  seem  to  differ  genetically 

from  Iphidea. 

Iphidea  rtiiiiiigeiiiis  (Dwight).  Middle  Cambrian. 

Kutorgina  stissingensis  Dwight,  American  Jonr.  Sci.,  3d  ser.,  XXXVIII,  1889,  p. 

145,  pi.  6,  flgs.  5-8;— Trans.  Vassar  Brothers'  Inst.,  V,  1891,  p.  105,  pi.  1,  figs. 

5-8. 
Loc,  Stissing  Mountain,  Duchess  County,  New  York. 

Iphidea  superba  Walcott.  Middle  Cambrian. 

Iphidea  cnf.t  omatella  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1802,  pi.  4, 

figs.  6,  7. 
Iphidea  nuperba  Walcott,  Proc.  U.  S.  National  Mus.,  XIX,  1897,  p.  711,  pi.  59, 

figs.  1-lc. 
Loc,  Grand  Canyon  of  the  Colorado. 

Isogramma  Meek  and  Worthen=Aalacorbynchas. 
Isogramma  millipuuctata  Meek  and  Worthen=Aulacorhynclius  milli- 
panctatum. 

KIFOEHA  Davidson.  Genotype  Terebratula  lima  Defirance. 

Kingena  Davidson,  Mon.  British  Cret.  Brach.,  Pal.  Soc,  1, 1853,  p.  42. 

Kingena  leonenais  (Conrad).  Washita  (Lower  Cret.). 

Terebratula  leonensis  Conrad,  Emory's  Rep.  IT.  8.  and  Mexican  Bound.  Survey, 
I,  1857,  p.  164,  pi.  21,  flg.  2.— Gabb,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1861, 
p.  18. 

Loc,  Leon  Springs,  Texas ;  also  Denison,  Texas  (Hill). 

Kingena  waooensiB  (Roemer).  Washita  (Lower  Cret). 

Terebratula  sp.  undet.  Roemer,  Texas,  1849,  p.  408. 

Terebratula  wacoensis  Roemer,  Kreidebildung  von  Texas,  1852,  p.  81,  pi.  6,  fig.  2. — 
Gabb,  Proc.  Acad.  Nat.  Sci.  PbUadelphia,  1861,  p.  18. 

Terebratula  choctawensis  Shumard,  Marcy'8  Rep.  Red  River  Louisiana,  1854,  p. 
195,  pi.  2,  fig.  3.— Oabb,  Pioc.  Acad.  Nat.  Sci.  Philadelphia,  1861,  p.  19. 

r  Terebratula  wacoensis  Whiteaves,  MesozoicFoss.,  Geol.  Snrv.  Canada,  I,  1879, 
p.  177. 

Loc,  Near  New  Braunfels,  Texas;  Trent  River,  Vancouver  Island.  'M  have 
traced  its  continuity  from  the  Red  River  to  tiie  Rio  Grande  *'  (Hill). 

Ohs,  Gabb  is  correct  in  regarding  T.  choctawensis  as  a  synonym  for  T.  wacoen- 
sis.    "The  Vancouver  specimens  are  doubtful"  (Stanton). 

Klitambonites  Pander=CIitambonites. 

Koninckiana  americana  Swallow=:Prodactas  swallovi. 

KUTOKOnrA  Billings.  Genotype  Obolella  cingalata  Billings. 

Kutorgina  Billings  (parUm),  Geol.  Vermont,  II,  1861,  ]».  948,  figs.  347-^9.— Hil- 
lings  (partim),  Pal.  Fossils,  1, 1861,  p.  9,  figs.  8-10.— Dall, Bull.  U.  S. Nat.  Mus., 
8, 1877,  p.  40.--Walcott  (partim),  Bull.  U.  S.  Geol.  Sur\ey,  30,  1886,  p.  101.— 
Beecher,  American  Jonr.  Sci.,  3d  ser.,  XLI,  1891,  p.  3^5. — Hall  and  Clarke, 
Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  90,  166,  183;— Eleventh  Ann.  Rep.  New 
York  State  Geologist,  1894,  p.  247. 


Digitized  by  LjOOQIC 


236  SYNOPSIS   OF   AMERICAN   FOSSIL   BRACHIOPODA.        IwitW. 

Kntorgina  cingnlata  Billings.  Lower  CambriaD. 

Obolella  (Kiitorp^ina)  cingnlata  BilliugR,  Geol.  A'ermoDt,  II,  1861,  p.  94^,  figs. 
347-349;— Pal.  Fossils,  1,  1861,  p.  8,  figs.  8-10. 

Obolelhi  cingnlata  Billings,  Geol.  Canada,  1863,  p.  284,  fig.  287. 

Kntorgina  cingnlata  Walcott,  Bull.  U.  S.  Geol.  Snrvey,  30,  1886,  p.  102,  pi.  9, 
fig.  1. — Beecber,  American  Jour.  Sci.,  3d  ser.,  XLI,  1891,  p.  345. — Walcott, 
Tentli  Ann.  Rep.  U.  S.  (Jeol.  Snrvey,  1891,  p.  609,  pi.  69,  fig.  1.— Hall  andClarkr, 
Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  92,  figs.  47-49;  pi.  4,  figs.  10-17. 

Loc.  Anse  an  Loup,  Labrador;  Swan  ton  and  Georgia,  Vermont;  Malvern  Hills, 
England ;  Island  of  Bornholm,  Sweden. 

Kntorgina  labradorica  Walcott  =Iphidea  labradorica. 
Kutorginalabradoricavar.  swantonensis  Walcott=Ipbidea  labradorica 

swautoiieusis. 
Kutorgina  latourensis  Mattbew=Billiiig8ella  latourensis. 
Kntorgina  niinutissiina  Hall  and  Whitfield =Iphidea  sculptilis. 
Kutorgina  pannula  Wbite=Iphidea  pannulus. 
Kutorgina  prospectensis  Walcott =Ipbidea  prospecteusis. 
?Kntorgiiia  pterineoides  Mattbew.  Middle  Cambnaii. 

Kutorgina  ?  pterineoides  Matthew,  Trans.  Royal  Soc.  Canada,  III,  1886,  p.  43, 

pi.  5,  fig.  19. 
Loc.  Hanford  Brook  and  St.  Martins,  New  Brunswick. 

Ohs.  It  is  not  certain  that  this  species  is  a  brachiopod.  May  be  the  operculam 
of  a  pteropod. 

Kutorgina  sculptilis  Walcott=Ipbidea  sculptilis. 
Kutorgina  stisvsingensis  I)wigbt=Ipliidea  stissingeusis. 
Kutorgina  wliitfieldi  Walcott=Billing8ella  wbitfieldi. 
LEIOEHTHGHTJS  Hall.  Genotype  Ortbis  quadricostata  Vanuxem. 

Leiorhynclius  Hall,  Thirteenth  Rep.  New  York  State  Cub.  Nat.  Hist.,  1860,  p. 
75;— Twentieth  Rep.  Ibidem,  1867,  p.  272;— Pal.  New  York,  IV,  1867,  p.  355.— 
AVaagen,  PaUvontologica  Indica,  Ser.  XIII,  I,  1883,  p.  411. 

Liorhynchus  Hall  and  Clarke,  Pal.  New  Jork,  VIII,  Pt.  II,  1893,  p.  198;- 
Thirteeuth  Ann.  Rep.  Now  York  State  Geologist,  1895,  p.  827. 

Ohs.  A  subgenus  of  C:im;ir.)Ccechi:i,  differing  ouly  in  exterior  ornamentation. 

Leiorhynclms  boonense  (Sbumanl).  Burlington  (L.  Carb.). 

RhynchonoUa  boonensis  Shumard,  Geol.  Rep.  Missouri,  1855,  p.  205,  pi.  C,  fig. 

6. — Keyes,  Gool.  Survey  Missouri,  V,  1895,  p.  101. 
Liorhynchus  boonensis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p. 

194,  pi.  60,  fig.  35. 
Loc.  Colnmbin,  Boone  County,  and  Cooper  County,  Missouri. 

LeiorhyncbuB  dnbiom  Hall.  Marcellas  (Dev.). 

Leiorhynchus  dubins  Hall,  Pal.  New  York,  TV,  1867,  p.  36-1,  pi.  .56,  figs.  22-25.- 

Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi.  59,  figs.  6,  7. 
Rhynchonella  dnbia  Tschernyschew,  Mi^m.  Comit«5  G^ologique  de  St.  Peters- 

hnrg.  III,  3,  1887,  p.  90,  pi.  14,  fig.  7. 
Loc.  New  York ;  Urals  of  RuHsia. 

Leiorbynchus  globuliforme  (Vanuxem).  Cbemung  (Dev.). 

Atrypa  globuliformis  Vanuxem,  Geol.  New  York;  Rep.  Third  Dist.,  1842,  p.  lf<2, 

fig.  2. 
Leiorhynchus  globnliformis  Hall,  Pal.  New  York,  IV,  1867,  p.  364,  pi.  57,  figs. 

26-29.— Hall  and  Cbirke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  194,  pi.  59, 

figs.  2^-27. 
Loc.  Otsego  County,  New  York. 
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Leiorhynchns  greeneannni  (Ulrich).  Waverly  (L.  Carb.). 

Rhyncbonella  greeiiana  Llrich.  Cout.  American  Pal.,  I,  18«6,  p.  26,  pi.  3,  fig.  1. 
Liorhynchus  greeDianuB  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893, 

p.  194. 
Pugiiax  greenianns  Hall  and  Clarke,  Ibidem,  1895,  pi.  60,  figs.  36-38. 
Loc.  Near  New  Albany,  Indiana. 

Leiorlijmchiis  (?)  hecate  Clarke.  Genesee  (Dev.). 

LeiorhynchuB(  f )  becate  Clarke,  Bull.  U.  S.  Geol.  Survey,  16,  1885,  p.  31,  pi.  3, 

fig.  4. 
Loc.  Ontario  County,  New  York. 
Ob$.  Probably  tbe  same  as  Spirifer  pinto  Clarke. 

LeiorhjmehiiB  irifl  Hall.  Chemung  (Dev.). 

Leiorbynchns  iris  Hall,  Pal.  New  York,  IV,  1867,  p.  360,  pi.  56,  figs.  41-43. 
Loc,  Rookford,  Iowa. 

Leiorhjmchiis  kelloggi  HaH.  Hamilton  (I)ev.). 

LeiorbyncbuH  kelloggi  Hall,  Pal.  New  York,  IV,  1867,  p.  361,  pi.  57,  figs.  1-12.— 
Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  194,  pi.  59.  figs. 
18-20, 32, 33. 

Leiorbyncbns  kelloggi!  Whitfield, Geol.  Wisconsin,  IV,  1882,  p.  334,  pi.  26, fig.  9. 

Rbynebouella  kelloggi  Tschcrnyscbew,  M^m.  Comity  G^ologique  de  St.  Peters- 
burg, III,  3,  1887,  p.  91,  pi.  14,  fig.  14. 

Loc,  Ohio;  New  York;  Milwaukee,  Wisconsin;  Urals  of  Russia. 

Leiorhjmchns  laura  (Billings).  Marcelliis- Hamilton  (Dev.). 

Rbynchonellaf  laura  Billings,  Canadian  Jour.,  V,  May,  1860,  p.  273,  figs.  26-28;— 

Geol.  Canada,  1863,  p.  384,  fig.  418. 
Leiorbynchns  multicosta  Hall,  Thirteentb  Rep.  New  York  State  Cab.  Nat.  Hist., 

December,  1860,  p.  85,  figs.  14,  15,  on  p.  94;— Pal.  New  York,  IV,  18G7,  p.  358, 

pl.56,  figs.  26-40. 
Leiorbyncbns  laura  BillingK,  Canadian  Nat.  Geol.,  n.  ser.,  VII,  1874,  p.  240. 
RbyDobouella  (Leiorbyncbns)  laura  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII, 

1884,  p.  159. 
f  Rhynohonella  multicosta  Tscbernyscbew,  Devon,  im  Douetz  Beckeu,  1886,  pi. 

15,  figs.  1-3;— M6ni.  Comit^^  G^ologi^iue  de  St.  Petersburg,  III,  3,  1887,  p.  92. 
Liorbyncbns  multicosta  and  laura  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt. 

II,  1893,  p.  194,  pi.  59,  figs.  8-10,  13-17. 
Loe.  Tbedford  and  Bosauquet,  Ontario;  New  York;  Eureka  district,  Nevada; 

f  Russia. 

Leiorhynehiis  lesleyi  Hall  and  Clarke.  Upper  Devonian. 

LiorhyncbuB  lesleyi  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  p.  368, 

pi.  59,  figs.  34>36. 
Loc,  "Pennsylvania." 

Leiorhynchns  limitare  (Vanuxem).  Marcellus  (Dev.). 

Ortbis  limitaris  Vanuxem,  Geol.  New  York;  Rop.  Third  Dist.,  18^12,  p.  146,  fig. 3. 

Atrypa  limitaris  Hall,  Ibidem,  Rop.  Fourth  Dist.,  1843,  p.  182,  fig.  11. 

Leiorbyncbns  limitaris  Hall,  Thirteenth  Rep.  New  York  State  Cab.  Nat  Hist., 
1860,  p.  85;— Pal.  New  York,  IV,  1867,  p.  356,  pi.  56,  figs.  6-21.— Whitfield, 
Annals  New  York  Acad.  Sci.,  V,  1891,  p.  550,  pi.  11,  fig.  11;— Geol.  Ohio, 
VII,  1895,  p.  444,  pi.  7,  fig.  11. 

Bbynchonella  limitaris  Tscbernyschew,  Mcmoires  du  Comit<^  Gdologique  de  St. 
Peternburg,  1887,  III,  3,  pi.  14,  fig.  5. 

Liorbyncbns  limitaris  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  194, 
pi.  59,  figs.  12,  35. 

Loc,  Schoharie,  Marcellus,  Avon,  etc.,  New  York;  Delaware  County,  Ohio  (Whit- 
field) ;  Urals  of  Russia.  ^  j 
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Leiorhynchns  medoortale  Hall.  Portage-Gliemuiig  (Dev.). 

Atrypa  mesacostalis  Hall,  Geol.  Kew   York;  Rep.  Fourth  Dist.,  1843,  Tables 

Organic  RemainSy  64,  iig.  1. 
LeiorhynchuB  meaacostaliB  Hall,  Thirteenth  Rep.  New  York  State  Cab.  Nat. 

Hist.,  1860,   p.  86,   fig.  1;— Pal.  New  York,  IV,  1867,  p.  362,  pi.  67,  figs. 

18-25.— Kindle,  Bull.  American  Pal.,  6,  1896,  p.  37. 
Rhynchonella  nieBacoetalis  THchernyschew,  Mdmoires  da  Comity  G6ologique  de 

St.  Petersburg,  1887,  p.  91,  pi.  14,  figs.  3,  4. 
LiorhynchuB  mesacost-alis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p. 

194,  pi.  59,  figs.  11,  12. 
Loc,  Ithaca,  Elmira,  Rath,  etc.,  New  York;  Urals  of  Russia. 

Leiorhynchas  maltico8ta  Hall=L.  laura. 

Leiorhjmohiu  mysia  Hall.  Marcellas  (Dev.). 

I^iorhynchns  mysia  Hall,  Pal.  New  York,  IV,  1867,  p.  357,  pi.  56,  figs.  1-5. 
Lao,  Schoharie,  New  York. 

Leiorhjmehiu  nevadaense  Walcott.  Middle  Devonian. 

Rhynchonella  (Leiorhynchas)  nevadenBis  Walcott,  Mon.   U.  S.  Geol.  SurTey, 

VIII,  1884,  p.  157,  pi.  14,  fig.  9. 
Loe.  Eureka  district,  Nevada. 

Leiorhynehiu  newberryi  Hall.  Waverly  (L.  Garb.). 

Leiorhynchas  newberryi  Hall,  Twenty-third  Rep.  New  York  State  Cab.  Nat. 

Hist.,  1873,  p.  240,  pi.  11,  figs.  25-27. 
Liorhynchus  newberryi  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p. 

194,  pi.  59,  figs.  37,  38. 
Loo»  Kelloggsville,  Ashtabula  County,  Ohio. 

leiorhynchas  qnadrioottatnin  (Vanuxem).  Genesee  (Dev.). 

Orthis  qaadricostata  Vanuxem,  Qeol.  New  York;  Rep.  Third  Dist.,  1842,  p.  168, 
fig.  2. 

Atrypa  (Orthis)  qaadricostata  Hall,  Ibidem,  Rep.  Fourth  Dist.,  1843,  p.  223,  fig.  2. 

Leiorhynchus  qaadricostata  Hall,  Thirteenth  Rep.  New  York  State  Cab.  Nat. 
Hist.,  1860,  p.  86;— Pal.  New  York,  IV,  1867.  p.  357,  pi.  56,  figs.  44-49.— 
Clarke,  Bull.  U.  S.  Geol.  Survey,  16,  1885,  p.  24.— Nettelroth,  Kentucky  Fos- 
sil Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  71. 

Leiorhynchus  quadricostataf  Meek,  King's  U.  S.  Geol.  £xpl.  40th  Pari.,  IV,  1877, 
p.  79,  pi.  3,  fig.  9. 

Liorhynchus  quadricostatus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893, 
p.  193,  pi.  59,  figs.  2t,  22. 

Loo.  Ithaca,  Seneca  Lake,  Cayuga  Lake,  New  York;  Falla  of  Ohio;  White  Pine 
district,  Nevada. 

Leiorhynehns  robnstum  Hall  and  Clarke.  Gbemung  (Dev.). 

Liorhynchus  robastus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pi.  59, 

figs.  30,  31. 
Loo.  Steuben  County,  New  York. 

Leiorhynehns  sesquiplicatum  A.  V^inchell.  Hamilton  (Dev.). 

Leiorhynchus  Besqniplioatus  A.  Winchell,  Rep.  Lower  Peninsula  Michigan,  1866, 

p.  95. 
Loe,  Grand  Traverse  district,  Michigan. 

LeiorhynchuB  sinuatnm  Hall.  Cbemnng  (Dev.). 

Leiorhynchus  sinuatns  Hall,  Pal.  New  York,  IV,  1867,  p.  362,  pi.  57,  figs.  13-17. 
Rhynchouella  (Leiorhynchas)  sinuatus  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII, 

1884,  p.  158,  pi.  14,  fig.  5. 
Liorhynchus  sinnatus  Hall  aud  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  18F3,  p.  194. 
Loo,  Ithaca  and  Chonmng  Narrows,  New  York ;  Eureka  district,  Nevada. 
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LEFTiEHA  DaLman. 

Geaotype  Prodactuj  rugosa  Hi8iQger=Conchita  rhoinboidalis 
Wilckens. 
Lepteena  Dalman,  Kongl.  Svenska  Vet.-Akad.  Handl.,  f5r  1827,  1828,  pp.  93,  94.— 
King,  Mod.  Permian  Foss.,  Pal.  Soc,  1850,  p.  104.— Hall  and  Clarke,  Pal. 
New  York,  VIII,  Pt.  I,  1892,  p.  276.— Winchell  and  Schuchert,  Minnesota 
Geol.  Survey,  III,  1893,  p.  409.— Hall  and  Clarke,  Eleventh  Ann.  Rep.  New 
York  State  Geologist,  1894,  p.  277. 
Leptagonia  McCoy,  Carb.  Foss.  Ireland,  1844,  p.  116. 
Plectambonites  (Ehlert,  Fischer's  Mannel  Conchyliologie,  1887,  p.  1283. 

Leptsena  alternata  Conrad  =:Bafine8quiiia  alternata. 

!LeptaeDa  alternistriata  Hall=BafineBqaiDa  alternata  alternistriata. 

Lepteena  barabnensis  Whitfield =Syntrophia  barabiiensis. 

Leptsena  bipartita  Hall=StrophomeDa  bipartita. 

Lieptsena  camerata  Hall=Bafinesqnina  camerata. 

Lepteena  charlottsd  Winchell  and  Scbuchert.  Trenton  (Ord.). 

Leptcpna  cbarlottsB  Winchell  and  Schnchert,  American  Geol.,  IX,  April  1, 1892, 

p.  288;— Minnesota  Geol.  Survey,  III,  1893,  p.  410,  pi.  32,  figs.  1-^. 
Strophomena  halli  Sardeson,  Bull.  Minnesota  Acad.  Nat.  Sci.,  Ill,  April  9, 1892, 

p.  334,  pi.  4,  figs.  36-38. 
Loc»  Minneapolis  and  St.  Paul,  Minnesota. 

lieptsena  concava  Hal1=Lept8enisca  concava. 
LiepUena  corrugata  Hall=Strophomena  cormgata. 
Leptaena  decipiens  Billings=Leptella  decipiens. 
Leptaena  deflecta  Hall=Dinorthi8  deflecta. 

LeptaBna  deltoidea=Bafinesqnina  deltoidea  and  B.  minnesotaensis. 
Leptsena  depressa  Hall=:L.  rhomboidalis. 
Leptaena  fasciata  Hall=:BafinesquiDa  fasciata. 
Leptaena  incrassata  Hall=Baftnesqaina  incrassata. 
lieptaena  indenta  Conrad =Stropheodonta  indenta. 
Leptaena  Julia  Sbaler= Strophomena  jnlia. 
Leptaena  laticosta  de  Yemeuil=Tropidoleptns  carinatus. 
Leptaena  melita  Hall  and  Whitfield^Dalmanella  melita. 
Leptaena  mesacosta  Shamard=Bafine8qnina  mesicosta. 
Leptaena  minnesotensiA  Sarde8ou=Plectambonites  sericens. 
Leptaena  nncleata  Hall= Anoplia  nucleata. 
Leptaena  obsenra  Hall=Bafinesquina  obscnra. 
Leptaena  orthididea  nall=Strophonella  orthididea. 
Leptaena  patenta  Hall=Strophonella  patenta. 
Leptaena  planoconvexa  Hall = Strophomena  planiconvexa. 
Leptaena  planumboua  Hall=Strophomeua  rugosa. 
Leptaena  plicatella  IJlrich=Plectambonite8  plicatellus. 
Lept^na  plicifera  Hall=DalmanenaT  plicifera. 
Leptsena  praecosis  Sarde8on=Plectambonites  sericeus. 
Leptaena  profunda  Hall=Stropheodonta  profunda. 
Leptaena  prolongata  Foerste=Plectambonite8  trausversalis  prolong- 
atus. 
Leptaena  punctulifera  Conrad =Strophonclla  punctulifera. 
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Leptona  quadrilatera  Sha1er=L.  rhomboidalis. 
Leptsena  recedeus  Sardeson=Plectambonitc8  sericeos. 
Leptieua  recta  Hall=Dinorthi8  deflecta. 

Leptaena  rhomboidalis  ( Wilckeiis).         Trenton-Waverly  (Ord.-L.  Carb.). 

Conchita  rbomboidalis  Wilckens,  Nachrict  von  selten  Versteinerungen,  1769,  p. 

77,  pi.  8,  figs.  43,  44. 
•Strophomena  undalosa  Conrad,  Fifth  Ann.  Rep.  Geo!.  Survey  New  York,  1811, 

p.  54. 
Strophomena  depresHa  Yanuxem,  (Jeol.  New  York;  Rep.  Third  Dist.,  1842,  p.  TP, 

fig.  5.— Hall,  Ibidem,  Rep.  Fourth  Dist.,  1843,  p.  77,  fig.  5;  p.  104,  fig.  2.— 

Billings,  Canadian  Nat.  Geol.,  I,  1856,  p.  59,  pi.   1,  tig.   5.— Roemer,   Sil- 

Fauna  west.  Tennessee,  1860,  p.  65,  pi.  5,  iig.  2. 
Strophomena  nndulatos  Yanuxem,  Geol.  New  York ;  Rep.  Third  Dist.,  1842,  p. 

139,  fig.  3. 
Strophomena  undulata  Hall,  Ibidem,  Rep.  Fourth  Diet.,  1843,  p.  175,  fig.  3. — 

Yandell  and  Shumard,  Cont.  Geol.  Kentucky,  1847,  p.  11. 
Productosf  sulcatus  Castelnau,  Essai  Syst.  Sil.  TAm^Srique  Septentrionale,  1843, 

p.  39,  pi.  13,  fig.  7. 
Prodnctus  snlcifer  do  Verneuii,  Ibidem,  1843,  p.  39. 
Leptaena  tenuistriata  Hall,  Pal.  New  York,  I,  1847,  p.  108,  pi.  31A,  fig.  4.— Hall 

and  Clarke,  Pal.  New  York,  VIII.  Pt.  I,  1892,  pi.  8,  figs.  12-16. 
Lepttpna  depressa  Hall,  Pal.  New  York,  II,  1852,  p.  62,  pi.  21,  fig.  8;  p.  257,  pi. 

53,  fig.  6.— Rogers,  Giol.  Pennsylvania,  II,  Pt.  II,  1858,  p.  823,  fig,  630. 
Strophomena  nigosa  Hall,  Pal.  New  York,  111,  1859,  p.  195,  pi.  19,  fig.  1. 
Strophomena  rhomboidalis  Billings,  Canadian  Jour.,  VI,  1861,  p.  336,  figs.  Ill, 

112;— Geol.  Canada,  1863,  p.  311,  fig.  314;  p.  367,  tig.  373;— Proo.   Portland 

Soc.  Nat.  Hist.,  1863,  p.  107,  pi.  3,  fig.  1.— Hall,  Pal.  New  York,  IV,  1867,  p. 

76,  pi.  12.  tigs.  16-18;   p.  414,  pi.  15,  tigs.  15,  16.— Meek  and  Wortheu,  Geol. 

Survey  Illinois,  III,  1868,  p.  426,  pi.  10,  tig.  7.— Meek,  Pal.  Ohio,  I,  1S73.  p. 

75,  pi.  5,  fig.  6.— Billings,  Pal.  Foss.,  II,  1874,  p.  27.— White,  Wheeler's  Expl. 

Survey  west  100th  Merid.,  IV,  1875,  p.  &5,  pi.  5,  tig.  5  —Hall  and  Whitfield, 

King's  U.  S.  Geol.  Expl.  40th   Pari.,  IV,  1877,  p.  253,  pi.  4,  tig.  4.— Hall. 

Twenty-eighth  Rep.  New  York  State  Mns.  Nat.  Hist.,  1879,  p.  151,  pi.  'J2, 

tigs.  4-10.— Miller,  .Jour.  Cinciiiimti  Koc.  Nat.  Hist.,  IV,  1881,  p.  1.— Hall, 

Eleventh  Rep.  State  Geol.  Indiana,  1882,  p.  288,  pi.  22,  figs.  4-10;— Second 

Ann.  Rep.  Now  York  State  Geol.,  1883,  pi.  38,  tigs.  17-31.— Walcott,  Mon. 

U.  S.  Geol.  Survey,  VIII,  1884,  p.  118.— Beecher  and  Clarke,  Mem.  N«jw  York 

State  Mus.,  I,  1889,  p.  18,  pi.  2,  tigs.  1-13.— Nettelroth,   Kentucky  Foesil 

Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  150,  pi.  18,  tigs.  1-3.— Foerste, 

Proc.  Boston  Soc.  Nat.  Hist.,  XXIV,  1890,  p.  298.— Beecher,  American  Jour. 

Rci.,  3d  ser.,  XLI,  1891,  p.  357,  pi.  17,  tigs.  18-21.— Herrick,  Geol.  Ohio,  VU, 

1895,  pi.  20,  fig.  6. 
Strophomena  analoga  Davidson,  Quart.  Jour.  Geol.  Soc.  Loudon,  XIX,  1863,  p. 

173,  pi.  9,  tig.  18.— DawKon,  Acadian  (Jcol.,  3d  od.,  1878,  p.  295,  fig.  95. 
Leptivna  (luadrilatcra  Shaler,  Bull.  Mus.  Comp.  Zool.,  4,  1865,  p.  65. 
Strophomena  gibbosa  James,  Cincinnati  Quart.  .Jour.  Scl.,  I,  1874,  p.  333. 
Strophomena  tenuiHtriata  Miller,  Ibidem,  II,  1875,  p.  55. — Hall,  Second  Ann. 

Rep.  New  York  State  Geol.,  1883,  pi.  38,  tigs.  12-16. 
Leptipna  rhomboidalis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  279, 

pi.  8,  figs.  17-31 ;  pi.  15A,  tigs.  40-42;  pi.  20,  tigs.  21-24.— Foerste,  Geol.  Ohio, 

VII,  1895,  p.  566. 
Leptaena  (Strophomena)  rhomboidalis,  Beecher,  American  Jour.  Sci.,  3d  ser., 

XLIV,  1892,  p.  150,  pi.  1,  tigs.  7-9. 
Plectambonites  rhomboidalis  Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  70,  fig.  6. 
Loo.  Generally  distributed  in  the  above-given  formations  throughout  A meric;* 

and  P^.urope. 
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Leptsena  rhomboidftlii  Teatriooia  HalL  Oriakany  (Dev.). 

Strophomena  deprena  tu.  yentrioosa  Hall,  Tenth  Rep.  New  York  State  Cab. 

Nat.  Hist.,  1857,  p.  66. 
Strophomena  mgoea  Tar.  yentricoea  Hall,  Pal.  New  York,  III,  1860,  p.  417,  pi. 

94,  figs.  2,  3. 
Leptnna  rhomboidalis  yar.  yentrieosa  Hall  and  Clarke,  Pal.  New  York,  YIII, 

Pt.  I,  1892,  pi.  16A,  fig.  43. 
Xoc.  Albany  and  Schoharie  counties,  New  York ;  Cumberland,  Maryland ;  Cayuga, 

Ontario. 

Leptsena  ragasa=L.  rhomboidalis. 
LeptsBoa  saxea  Sarde8on=Plectambonites  sericeos. 
Leptsena  sericea  SowerbysPlectambonites  sericeos. 
Lepteena  sordida  BillingsssLeptella  sordida. 

Leptoiia(?)  itoliiieri  Kayser.  Ordoviciaii. 

Lept»na  stelzneri  Kayser,  Pal»outographica,  Suppl.,  Ill,  1876,  p.  21,  pi.  3,  fig.  21. 
Zoo.  Gnaco,  Argentine  Bepnblio. 

Odf .  Since  this  species  has  a  high  yentral  area  and  a  perforated  deltidinm  it  is 
probably  a  Clitambonites. 

Iieptena  striata  HallsStrophoiiella  striata. 

Leptsena  sabplana  Hall=Ori}hotbetes  sabplanas. 

Lieptcena  sabqnadrata  Hall=Ghristiania  snbqaadrata. 

Leptaena  subtenta  Halls: StrophomeDa  trentonensis  or  S.  rugosa  sub- 

tenta. 
Leptsena  sulcata  de  YerneuilsStropbomeDa  sulcata. 
Leptsena  tenuilineata  Hall=sBafinesquina  tenuilineata. 
Leptaena  tenuistriata  HallsL.  rhomboidalis. 
Leptsena  transversalisssPIectambonites  transversalis. 
Leptsena  transversalis  var.  alabamaensis  Foerste  =  Plectambonites 

transversalis  alabamaensis. 
Leptsena  trilobata  Owen=Strophomena  trilobata. 

Leptnna  unicostata  Meek  and  Worthen.  Lorraine  (Ord.). 

Leptiena  (n.  sp.  f )  Owen,  Geol.  Suryey  Wisconsin,  lowa^  Minnesota,  1862,  pi.  2B, 

fig.  3.    [See  specimen  in  U.  S.  Nat.  Mus.,  Cat.  Inyert.  Foss.,  17908.] 
Strophomena  nnicostata  Meek  and  Worthen,  Gebl.  Snryey  Illinois,  III,  1868,  p. 

335,  pi.  4,  fig.  11.— Whitfield,  Geol.  Wisconsin,  IV,  1882,  p.  262,  pi.  12,  fig.  14. 
Rafineeqaina  nnicostata  HaU  and  Clarke,  Pal.  New  York,  YIII,  Pt.  I,  1892,  pi. 

loA,  fig.  39;  pi.  20,  fig.  25. 
Leptsena  unieostata  WincheU  and  Schuohert,  Minnesota  Oeol.  Survey,  III,  1893, 

p.  411,  pi.  32,  figs.  6-9.— Whiteayes,  Pal.  Foss.,  Ill,  Pt.  Ill,  1897,  p.  174. 
Xoc  Sayanna  and  Wilmington,  Illinois;  Delafield  and  Iron  Ridge,  Wisconsin; 

Spring  y  aUey  and  Granger,  Minnesota ;  Lattners,  Iowa ;  Rapids  of  the  Nelson 

Riyer,  Lake  Winnipeg,  Manitoba. 

Leptsena  variolata  d'Orbigny=Ohonete8  variolatas. 
Leptsena  vicina  GastelnaussOhonetes  vicinns. 

LEFTJEHISCA  Beecher.  Genotype  Leptsena  concava  Hall. 

Leptenisoa  Beecher,  American  Jonr.  Sci.,  3d  ser.,  XL,  1890,  p.  239,  pi.  9,  figs.  1-5.— 
HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  300;— Eleyenth  Ann. 
Rep.  New  York  State  Geologisjb,  1894,  p.  291. 
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Lept8DiUBoa  aduatoens  Hall  and  Clarke.  Lower  Helderberg  (Dev.)- 

Leptenisca  adnascens  Hall  and  Clarke^  Pal.  New  York^  Vllly  Pt.  1, 1892,  pp.  901, 

352,  pi.  15A,  figs.  22,  23. 
Loc.  Near  Clarksville,  New  York. 

LeptaDniflca  concava  Hall.  Lower  Helderberg  (DeT.). 

Leptsena  concava  Hall,  Tenth  Rep.  New  York  State  Cab.  Nat  Hist.,  1857,  p. 

47; -Pal.  New  York,  III,  1859,  p.  197,  pi.  18,  fig.  2. 
Lepttsnaf  (subgenus?)  concava  Hall,  Second  Ann.  Rep.  New  York  State  GeoL, 

1883,  pi.  46,  figs.  30,  31. 
Leptsnisoa  concava  Beecher,  American  Jour.  Soi.,  3d  ser.,  XL,  1890,  p.  238,  pL 

9,  figs.  1-6.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1. 1892,  p.  300,  pi.  15, 

figs.  30,  31;  pi.  15A,  figs.  19-21. 
Loo.  Albany  County,  New  York ;  Decatur  County,  Tennessee. 

LeptsBiiiBca  tangens  Hall  and  Clarke.  Lower  Helderberg  (Dev.). 

LeptsBuisca  tangens  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  301, 

352,  pi.  15A,  figs.  24-30. 
Loc,  Near  Clarksville,  New  York. 

LEPTELLA  Hall  and  Clarke.  Genotype  Leptsena  sordida  Billings. 

Leptella  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  293 ;— EleYentb 
Ann.  Rep.  New  York  State  Geologist,  1894,  p.  277. 

Leptella  decipiens  (Billings).  Calciferons  (Ord.). 

Leptsena  decipiens  Billings,  Pal.  Fossils,  I,  1862,  p.  74,  fig.  67;  p.  219;— GeoL 

Canada,  1863;  p.  231,  fig.  243. 
Leptella  decipiens  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  294. 
Loo,  Point  Levis,  Canada;  Portland  Creek,  Newfoundland. 

Leptella  sordida  (Billings).  Calciferoas  (Ord.). 

LeptsBua  sordida  Billings,  Pal.  Fossils,  1, 1862,  p.  73,  fig.66;— Geol.  Canada,  1863, 

p.  231,  fig.  242. 
Leptella  sordida  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  293,  pi. 

15A,  figs.  12-16. 
Loo.  Point  Levis,  Canada. 

LEFT0B0LU8  Hall.  Genotype  L.  lepis  Hall. 

Leptobolus  Hall,  Description  n.  sp.  Foss.  from  Hudson  River  Group,  1871,  p.  3;— 

Twenty-fourth  Kep.  New  York  State  Cab.  Nat.  Hist.,  1872,  p.  226.— Hall  and 

Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  73, 165;— Eleventh  Ann.  fiep. 

New  York  State  Geologist,  1894^  p.  241. 

Leptoboliu  g^randis  Matthew.  Lowest  Ordovician. 

Leptobolus  grandis  Matthew,  Trans.  Royal  Soc.  Canada,  X,  1874,  p.  91,  pi.  16, 

fig.  7. 
Loc,  Hardingville,  New  Brunswick. 

Leptoboliu  inBigniB  Hall.  Utica  (Ord.). 

Leptobolus  instgnis  Hall,  Descrip.  n.  sp.  Foss.  from  Hudson  River  Group,  1871, 

p.  3.  pi.  .3,  fig.  17;— Twenty-fourth  Rep.  New  York  State  Cab.  Nat.  Hist, 

•  1872,  p.  227,  pi.  7,  fig.  17.— Nicholson,  Pal.  Province  Ontario,  1875,  p.  85.- 

Hall  and  Clarke.  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  74,  pi.  3,  figs.  1-6. 

Loc.  Middleville,  Utica,  etc..  New  York ;  Ottawa,  Canada;  Cincinnati,  Ohio. 

Leptobolus  lepis  Hall.  Utica  (Ord.). 

Leptoooius  lepis  Hall,  Description  n.  sp.  Foss.  from  Hudson  River  Group,  1871, 
p.  3,  pi.  3,  figs.  19, 20;— Twenty-fourth  Rep.  New  York  State  Cab.  Nat.  Hist, 
1872,  p.  226,  pi.  7,  figs.  19, 20.— Hall  and  Whitfield,  Pal.  Ohio,  U,  1875,  p.  69, 
pi.  1,  fij^B.lO,  11.— Miller,  Cincinnati  Quart.  Jour.  8ci.,  II,  1875,  p.  11.— HaU 
and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  74,  pi.  3,  figs.  8-10. 

Loc.  Cincinnati,  Ohio. 
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Leptoboliu  oecidfflitaliii  Hall.  Maqaoketa  (Ord.). 

Leptobolus  occidentaliB  Hall,  Description  n.  sp.  Foss.  from  Hudson  River  Group, 

1871,  p.  3,  pi.  3,  fig.  18;— Twenty-foarth  Rep.  New  York  State  Cab.  Nat.  Hist., 

1872,  p.  227,  pL  7,  fig.  18.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I, 
1892,  pi.  3,  fig.  7. 

Loc,  Hawleys  Mills,  Iowa;  Platte ville,  Wisconsin;  Ottawa,  Canada  (Ami). 

LeptoccBlia  Hall=Aiioplotheca. 
Leptoccelia  propria  Hall= Anoplotheca  flabellites. 
Leptocoelia  disparilis  B[all= Atrypina  disparilis. 
Leptoccelia  imbricata  Hall= Atrypina  imbricata. 
LEPTOSTSOFHIA  Hall  and  Clarke. 

Genotype  Stropheodonta  magniflca  Hall. 

Leptostrophia  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  288;— Elev- 
enth Ann.  Rep.  New  York  State  Geologist,  1894,  p.  281. 

Ofta.  This  is  a  subdivision  of  Stropheodonta.  The  following  species  have  been 
referred  to  it:  8.  magnifica,  S.  perplana,  8.  textilis,  8.  beckei,  8.  magniventra, 
8.  junta,  S>  Irene,  8.  blainvillei,  and  8.  tullia. 

UVDSTBCEMELLA  Hall  and  Clarke.    Genotype  L.  aspidinm  H.  and  O. 
Lindstrcemella  Hall  and  Clarke,  Extract  Pal.  New  York,  VIII,  1890,  p.  134 ;— Pal. 
New  York,  VIII,  Pt.  I,  1892,  p.  134 ;— Eleventh  Ann.  Rep.  New  York  State 
Geologist,  1894,  p.  257. 

landstroemella  aspidinm  Hall  and  Clarke.  Hamilton  (Dev.). 

LindstroBmella  aspidinm  Hall  and  Clarke,  Extract  Pal.  New  York,  VIII,  1890,  p. 

134,  pi.  4E,  figs.  25-28;— Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  134, 178,  pi.  4E, 

figs.  25-28. 
Lac,  Leonardsville,  Hamilton,  Darien,  etc..  New  York. 

UHOULA  Bragoifere.  Genotype  Lingnla  anatina  Lamarck. 

Lingnla  Bmgui^re,  Enoyclop^die  M^thodiqne,  I,  1792,  pi.  250.— Meek  and  Hay- 
den,  Pal.  Upper  Missouri,  8mith8onian  Cont.  to  Knowl.,  XIV,  172,  18G4,  p. 
68.— Hall,  Pal.  New  York,  IV,  1867,  p.  5.— Dall,  American  Jonr.  Conch.,  VI, 
1870,  pp.  163, 154.— Meek,  Hayden's  U.  S.  (Jeol.  8urvey  Terr.,  IX,  1876,  p.  7.— 
DaU,  BnU.  U.  8.  Nat.  Museum,  8,  1877,  p.  43.— Hall  and  Clarke,  Pal.  New 
York,  VIII,  Pt.  I,  1892,  pp.  2,  161.— Winchell  and  8chnchert,  Minnesota 
Geol.  8nrvey,  III,  1893,  p.  338.— Hall  and  Clarke,  Eleventh  Ann.  Kep.  New 
York  8tate  Geologist,  1894,  p.  226. 

Lingnla  acuminata  Hall=LingalepiR  acuminata. 
Lingnla  acntangnla  Boemer=LinguIepis  acutangulus. 

Xfjpgwift.  aentirortriB  Hall.  Clinton  (Sil.). 

Lingnla  acntirostra  Hall,  Geol.  New  York;  Rep.  Fourth  Diet.,  1843,  p.  77,  fig.  9 

on  p.  76;— Pal.  New  York,  II,  1852,  p.  56,  pi.  20,  fig.  5. 
Lae.  Wolcott,  New  York. 
Oh:  Based  upon  a  single  specimen  now  lost. 

Lingnla  oqnaliB  Hall.  Trenton  (Ord.). 

Lingnla  seqnalis  Hall,  Pal.  New  York,  I,  1847,  p.  95,  pi.  30,  fig.  3.— Walcott,  Proc. 

U.  8.  Nat.  Mns.,  XI,  1888,  p.  480,  fig.  3.— Hall  and  Clarke,  Pal.  New  York,  VIII, 

Pt.  1, 1892,  p.  9,  fig.  4. 
Loc.  Middleville,  Trenton  Falls,  and  Rome,  New  York. 

T.ingnla.  albarpineuiB  Walcott.  Upper  Devonian. 

Lingnla  albapinensis  Walcott,  Mon.  U.  8.  Oeol.  Survey,  VIII,  1884,  p.  108,  pi.  2, 

fig.l. 
Xoc.  White  Pine  district,  Nevada. 
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Lingala  alveata  Hall=DigDomia  alveata. 

Lingula  ampia  Owen=Lingulella  ampla. 

Liugula  antiqua  Emmona^Liogulepis  acaminata. 

Lingula  antiqua  Hjill,  IS51,  1862,  Hayden,  1863  (non  Hall,  1847)=Lin- 

gulepis  pinniformis. 
Lingula  antiquata  Kmmon8=Lingulepis  acumiuata. 

Idngala  artemis  Billings.  Gasp^  No.  5  (L.  Dev.). 

Lingala  artemis  Billings,  Pal.  Fossils,  II,  1874,  p.  14,  fig.  4. 
Loe.  Gasp^,  Cape  Bon  Ami. 

lingala  atra  Herrick.  Waverly  (L.  Garb.). 

Lingula  atra  Herrick,  Bull.  Denison  Univ.,  IV,  1888,  pp.  13,  16,  pi.  10,  fig.  30;— 

Geol.  Ohio,  VII,  1895,  pi.  22,  figs.  5,  6. 
Loo.  Cayahoga  River,  Ohio. 

Lingula  attenuata  Halls=Glo88ina  trentonensis. 
Lingula  aurora  Hall =Lingu]ella  aurora. 
Liugula  aurora  var.  Hall=Lingul6lla  stoneana. 

Lingula  belli  Billings.  Ohazy  (Ord.). 

Lingula  belli  Billings,  Canadian  Nat.  Geol.,  IV,  1859,  p.  431,  figs.  7,  8;~Geol. 

Canada,  1863,  p.  124,  fig.  47. 
Loc.  Island  of  Montreal,  Allumette  Island,  Canada. 

Ungnla  beltrami  Wiuchell  and  Schucliert.  Lorraine  (Ord.). 

Lingula  beltrami  Winchell  and  Schuchert,  Minnesota  Geol.  Survey,  III,  189H, 

p.  351,  figs.  25a,  25b. 
Loo.  Spring  Valley,  Minnesota. 

Lingula  bicarinata  Bingueberg.  Niagara  (Sil.). 

Lingala  bicarinata  Ringneberg,  Proo.  Acad.  Nat.  Soi.  Philadelphia,  1884,  p.  149, 

pi.  3,  fig.  8.— Miller,  N.  American  Geol.  Pal.,  1889,  p.  349. 
Loc.  Lockport,  New  York. 

Lingula  billiugsana  Whitcaves=:Liugulella  billingsana. 

Lingula  bisulcata  Ulricb.  Utica  (Ord.). 

Lingula  bisulcata  Ulrich,  American  Geologist,  III,  1889,  p.  380,  fig.  2,  on  p.  378. 
Joe.  Ludlow,  Kentucky. 

Lingala  brevirostris  Meek  and  Hayden.  Jurassic^ 

Lingula  brovirostris  Meek  and  Hayden,  Proc.  Acad.  Nat.  Sri.  Philadelphia,  1858, 
p.  50;— Ibidem,  1860,  p.  419;— Pal.  Upper  Missouri,  Smithsonian  Cont.  to 
Knowl.,  XIV,  172,  1865,  p.  69,  pi.  3,  fig.  3.— Whitfield,  Powell's  Geol.  Geogr. 
Survey  Rooky  Mt.  Region,  1880,  p.  346,  pL  3,  figs.  4,  5. 

Loc.  Black  Hills,  Dakota. 

Lingala  briseui  Billings.  Trenton  (Ord.). 

Lingula  briseis  Billings,  Pal.  Fossils,  I,  1862,  p.  48,  fig.  52;— Geol.  Canada,  1863, 

p.  161,  fig.  136. 
Ia>o.  Bayonne  River,  Canada. 

Lingala  (H)  calumet  N.  H.  Wiuchell.  T  Cambrian. 

Lingula  calumet  N.  H.  Wincbell,  Thirteenth  Ann.  Rep.  Geol.  Nat.  Hist.  Survey 

Minnesota,  1885,  p.  65.— MiUer,  N.  American  Geol.  Pal.,  1889,  p.  349. 
Loc.  Pipestone,  Minnasota. 
Obir.  It  is  not  certaiu  that  these  specimens  are  organic. 
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Iiingiila(?)  canadaenns  Billings.  Trenton  and  Lorraine  (Ord.). 

Lingula  canadenais  Billings,  Pal.  Foeails,  1, 1862,  p.  114,  fig.95;— Geol.  Canada, 

1863,  p.  210,  fig-  209.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892.  p. 

27.— Winchell  and  Schnchert,  Minnesota  Geo].  Snrvey,  III,  1893,  p.  352,  fig.  26. 

Xoe.  Anticosti ;  in  the  Galena  at  Mantorville  and  Hader,  Minnesota. 

Lingula  carbonaiia  Shumard.  Upper  Carboniferous. 

Lingnla  carbonaria  Shumard,  Trans.  8t.  Lonis  Acad.  Sci.,  I,  1858,  p.  215. 
Loc  Clarke  County,  Missouri. 

Lingnla  centrilineata  Hall.  Lower  Helderberg  (Dev.). 

Ldngula  centrilineata  Hall,  Pal.  New  York,  III,  1859.  p.  155,  pi.  9,  figs.  1,  2.— 

Hall  and  Clarke,  Pal.  New  York,  YIII,  Pt.  I,  1892,  p.  15. 
Loe.  Albany  County,  New  York. 

Lingnla  ceryx  Hall.  Schoharie  (Dev.). 

Lingula  ceryx  Hall,  Sixteenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1863,  p. 

19;— Pal.  New  York,  IV,  1867,  p.  6,  pi.  2,  fig.  1. 
Loe.  Clarkesville,  New  York. 

T.iT>grnift  dncinnatiensiB  HaU  and  Whitfield.  Lorraine  (Ord.). 

Lingnlella  (Dignomia)  oincinnatiensis  Hall  and  Whitfield,  Pal.  Ohio,  II,  1875, 

p.  67,  pi.  1,  figs.  2,  3. 
Lingulella  oincinnatiensis  Miller,  American  Pal.  Foss.,  1877,  p.  115. 
Loe,  Cincinnati,  Ohio. 

Lingnla  dathrata  Winchell  and  Schnchert  Trenton  (Ord.). 

Lingula  clathrata  Winchell  and  Schnchert,  Minnesota  Geol.  Survey,  III,  1893, 

p.  345,  pi.  29,  fig.  42. 
Loc,  St.  Paul,  Minnesota. 

Lingnla  olintoni  Yanuxem.  Clinton  (Sll.). 

Lingula  oblonga  Conrad  (non  Eichwald),  Third  Ann.  Rep.  Geol.  Survey  New 

York,  1839,  p.  65.— Hall,  Geol.  New  York;  Rep.  Fourth  Dist.,  1843,  p.  77,  fig. 

4;— Pal.  New  York,  II,  1852,  p.  54,  pi.  20,  fig.  1.— Rogers,  Geol.  Pennsylvania, 

II,  Pt.  II,  1858,  p.  823,  fig.  629. 
Lingula  clintoni  Yanuxem,  Geol.  New  York;  Rep.  Third  Dist.,  1842,  p.  79,  fig.  4. 
Lingula  suboblonga  d'Orbigny,  Prodrome  Pal.  Stratig.,  1850,  p.  34. 
Loe,  Cayuga  County,  New  York;  Pennsylvania;  Hamilton,  Ontario;  Arisaig, 

Nova  Scotia  (Honey man  and  Ami). 

Lingnla  oobonrgenns  Billings.  Trenton  (Ord.). 

Lingula  cobourgensis  Billings,  Pal.  Fossils,  1, 1862,  p.  50,  fig.  54 ;— Geol.  Canada, 

1863,  p.  161,  fig.  132. 
Lingula  cobourgensis f  Winchell  and  Schnchert,  Minnesota  (^eol.  Survey,  III, 

1893,  p.  346,  pi.  29,  fig.  12. 
Loc,  Cobourgand  Colingwood,  Canada;  f Minneapolis,  Minnesota;  in  the  Utica 

at  Ottawa,  Canada  (Ami). 

Lingnla  coheni  A.  Ulrich.  Middle  Devonian. 

Lingula  coheni  A.  Ulrich,  N.  Yahrb.  f.  Mineral.,  Beilageband,  VIII,  1892,  p.  82, 

pi.  5,  fig.  11. 
Loc,  Near  Pulquina,  Bolivia. 

Lingnla  oomplanata  Williams.  Hamilton-Ithaca  (Dev.). 

Lingula  nnda  Hall,  Pal.  New  York,  IV,  1867,  pi.  2,  fig.  4  (not  tigs.  5,  6). 
Lingnla  complanata  WiUiams,  Proc.  American  Ass.  Adv.  Sci.,  XXX,  18^2,  p.  188 ; — 

Bull.  U.  S.  Geol.  Snrvey,  3,  1884,  pp.  14, 15,  20,  22.— Hall  and  Clarke,  Pal. 

New  York,  VIII,  Pt.  I,  1892,  pi.  1,  fig.  17. 
Loe,  Ithaca  and  Canandaigua  Lake,  New  York. 
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Lm^^compta  Hall  and  Clarke.  Hamilton  (Dev.)- 

Lingola  compta  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  171,  pi.  1, 

fig.  16. 
Loc,  Canandaigna  Lake,  New  York. 

Lingola  ooncentrica  yanuxem=Schizobolns  concentricns. 

Lingnla  eonoentrica  Conrad.  t  Corniferons  (Dev.). 

Lingulaconcentrica  Conrad,  Third  Ann.  Rep.  Geol.  Survey  New  York,  1839,  p  64. 
Loc.  ''Helderberg  Moan  tains,"  New  York. 
Oha,  Insufficiently  defined  to  be  recognized. 

Lmfipila  ooYing^tonensis  Hall  and  Whitfield.  Utica  (Ord.). 

Lingnla  covingtonensis  Hall  and  Whitfield,  Pal.  Ohio,  II,  1875,  p.  67,  pi.  1,  fig. 

1.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  8. 
Loc.  CoTington,  Kentnoky. 

lingala  crasBa  Hall=Glos8iua  crassa. 

lingola  crawfordflYillenflifl  Gnrley.  Keokuk  (L.  Carb.). 

Lingnla  crawfordsyillensis  Gurley,  New  Carboniferous  Fobs.,  1,  1883,  p.  2. — Mil- 
ler, N.  American  Geol.  Pal.,  1889,  p.  350. 
Loc,  Crawfordsville,  Indiana. 
Ohs.  Should  be  compared  with  L.  Tarsayiensis. 

Idng^nla  ooneata  Conrad.  Medina  (SIL). 

Lingnla  cuneata  Conrad,  Third  Ann.  Rep.  Geol.  Survey  New  York,  1839,  pp.  63, 
64.— Hall,  Geol.  New  Yorkj  Rep.  Fcmrth  Dist.,  1843,  p.  48,  fig.  5;— Pal.  New 
York,  II,  1852,  p.  8,  pi.  4,  fig.  2.— Hall  and  Clarke,  Pal.  New  York,  YUl  Pt. 
•      I,  1892,  p.  12,  pi.  1,  figs.  11,  12;  pi.  4K,  fig.  9. 
Lingulella  cuneata  Miller,  N.  American  Geol.  Pal.,  1889,  p.  352. 
Loc,  Medina  and  Lockport,  New  York. 

Idng^nla  carta  Conrad.  Trenton-Utica  (Ord.). 

Lingnla  curta  Conrad,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  VIII,  1842,  p.  266,  pi. 
15,  fig.  12.— Hall,  Pal.  New  York,  I,  1847,  p.  97,  pi.  30,  fig.  6.— Rogers,  Geol. 
Pennsylvania,  II,  Pt.  II,  1858,  p.  818,  fig.  604.— Billings,  Geol.  Canada,  1863, 
p.  161,  fig.  138;  p.  201,  fig.  197.— Emerson,  Geol.  Frobischer  Bay;  Nonrse's 
Narr.  Hall's  Arctic  Exped.,  App..  Ill,  1879,  p.  578. 

Loo,  East  Canada  Creek  and  Middleville,  New  York;  Carlisle,  etc.,  Pennsyl- 
vania; Montmorency  Falls,  Canada;  lYobischer  Bay. 

lingola  cayahoga  Hall.  Chemnng-Waverly  (Dev.-L.  Garb.). 

Lingnla  cuyahoga  Hall,  Sixteenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1863, 
p.  24;— Pal.  New  York,  IV,  1867,  p.  15,  pi.  1,  fig.  5.— Herrick,  Bull.  Denison 
Univ.,  IV,  1888,  p.  13;— Geol.  Ohio,  VII,  1895,  pi.  22,  fig.  9. 

Lingnla  cuy ahoga  f  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  pi.  1,  fig.  18. 

Loc,  Akron  and  Cuyahoga  Falls,  Ohio;  Chemung  group,  Panama,  New  York. 

Lingnla  cyane  BiUings=:61ossina  cyane. 
Lingnla  daphne  Billings =Glossina  trentonensis. 
Lingnla  dawsonl  Matthew =Lingnlella  dawsoni. 

Lingola  delia  Hall.  Hamilton  (Dev.). 

Lingnla  delia  Hall,  Sixteenth  Rep.  New  York  State  Cab.  Nat.  H  ist.,  1863,  p.  22  ;— 
Pal.  New  York,  IV,  1867,  p.  12,  pi.  2,  fig.  9.— Hall  and  Clarke,  Pal.  New  York, 
VIII,  Pt.  1, 1892,  p.  15,  pi.  1,  fig.  29. 
Loo,  Canandaigna  Lake,  New  York. 

Lingula  densa  Hall.  Hamilton  (Dev.). 

Lingnla  densa  Hall,  Sixteenth  Rep.New  York  State  Cab.  Nat.  Hist.,  1863,  p.  22;— 
Pal.  New  York,  IV,  1867,  p.  11,  pi.  2,  figs.  10,  11. 
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Lingiila  densa  Hall — Oontinaed. 

LingulA  densftf  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  15,  pi.  1, 

fig.  23. 
Lae.  Sninmit  and  Centerfield,  New  York. 
Tjiignift.  defiderata  Hall.  Oorniferoas  (Dev.). 

Lingnla  desiderata  Hall,  Sixteenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1863, 

p.  19;— Pal.  New  York,  IV,  1867,  p.  6,  pi.  2,  fig,  2. 
Loe,  Ontario  Connty,  New  York. 

Lmgiila(?)  dolata  Sardeson.  Galciferous  (Ord.). 

Lingnla  dolaU  Sardeson,  Bull.  Minnesota  Acad.  Nat.  Soi.,  IV,  1896,  pi.  6,  fig.  12. 
Loe.  Stillwater,  Minnesota. 

LiDgala  dnbia  d'OrbignysOIossina  dabia. 

Lmgala  elderi  Whitfield.  Trenton  and  Lorraine  (Ord.). 

Lingnla  elderi  Whitfield,  American  Jonr.  Soi.,  3d  ser.,  XIX,  June,  1880,  p.  472, 
figs.  1, 2:— Geol.  Wisconsin,  IV,  1882,  p.  345,  pL  27,  figs.  1-6.— Hall  and  Clarke, 
Pal.  New  York.  VIII,  Pt.  1, 1892,  p.  11,  pi.  1,  figs.  21, 22.— Winohell  and  Schn- 
chert,  Minnesota  Geol.  Survey,  III,  1893,  p.  339,  pi.  29,  figs.  1-4. 

Lingnla  minuesotensis  N.  H.  Winohell,  Eighth  Ann.  Rep.  Geol.  Nat.  Hist.  Sor- 
vey  Minnesota,  July,  1880,  p.  61. 

Loe,  Rochester,  Minneapolis,  etc.,  Minnesota;  Beloit^  Wisconsin;  Cincinnati, 
Ohio. 

lingnla  elegantula  Slialer=L.  rectilateralis. 
Lingnla  elliptica  Hall  (non  Phillips)=L.  snbelliptica. 

Lingiila(!)  elliptica  Emmons.  Cambrian. 

Lingnla  elliptica  Emmons  (non  Phillips,  1836),  American  Geology,  Pt.  II,  L8&5, 

p.  112. 
Loc.  Angnsfca  Connty,  Virginia. 

Ohs.  This  species  belongs  to  another  genus.  The  specific  name  wiil  therefore 
not  conflict  with  that  of  Phillips. 

Idngula  elongata  Hall.  Trenton  (Ord.). 

Lingnla  elongata  Hall,  Pal.  New  York,  1, 1847,  p.  97,  pi.  30,  fig.  5.— Billings,  Geol. 

Canada,  1863,  p.  161,  fig.  135.— Whiteaves,  Pal.  Foss.,  Ill,  Pt.  Ill,  1897,  p.  165. 
Loc.  Lewis  Connty,  New  York;  Lake  Winnipeg,  Manitoba;  Ottawa,  Canada,  in 

the  Utica  terrane  (A.mi). 

lingnla  ererenns  Bathbun.  Middle  Devonian. 

Lingnla  ererensis  Rathbnn,  Proo.  Boston  Soo.  Nat.  Hist.,  XX,  1879,  p.  16. 
Ta>c.  Erere,  Province  of  Para,  Brazil. 

Lingnla  exilis  Hall=Lingnlodiscina  exilis. 

lingnla  eva  Billings.  Black  Biver  (Ord.). 

Lingnla  eva  BiUings,  Canadian  Nat.  Geol.,  VI,  1861,  p.  150;— Geol.  Canada,  1863. 

p.  141,  fig.  73.<- Winohell  and  Sohuchert,  Minnesota  Geol.  Snrvey,  III,  1893, 

p.  341,  pi.  29,  figs.  5,  6. 
Loe.  Murray  Bay,  Canada;  Fremont,  Winona  Connty,  Minnesota. 

Lingnla  forbed  Billings.  Lorraine  (Ord.). 

Lingnla  forbesi  BUlings,  Pal.  Fossils,  1, 1862,  p.  115,  fig.  96. 
Loc,  Anticosti. 

lingnla  ganiiensis  Herrick.  Waverly  (L.  Garb.). 

Lingnla  gannensis  Herrick,  Bull.  Denison  Univ.,  IV,  1888,  pp.  12, 17,  pi.  3,  figs. 

2,3;— Geol.  Ohio,  VH,  1895,  pi.  22,  figs.  2,  3. 
Loe.  Gann,  Knox  County,  Ohio.  ^  ^ 
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Lingnla  gibboia  Hall.  Niagara  (Sil.). 

LingolA  flribbosA  Hall,  Description  n.  ap.  Fofls.  Waldron,  Indiana,  1879,  p.  13;— 

Eleventh  Rep.  State  Qeol.  Indiana,  1882,  p.  284,  pL  27,  fig.  2 ;— Trana.  Albany 

Inatitnte,  X,  1883,  p.  09. 
Loe,  Waldron,  Indiana. 

Lmgula  gorbyi  Miller.  Ghoatean  (L.  Garb.). 

Lingnla  gorbyi  Miller,  Eighteenth  Ann.  Rep.  Geol.  Survey  Indiana,  1894,  p. 

309,  pi.  9,  figs.  3, 4. 
Loc.  Sedalla,  Miesonri. 

Lingnla  giaeana  Bathbun.  Middle  Devonian. 

Lingnla  graoana  Rathbnn,  Bull.  Buffalo  Soo.  Nat.  Sci.,  I,  1874,  p.  259^  fig.  2. 
Loe.  Erere,  Province  of  Para,  Brazil. 

Lingnla  halli  White.  Burlington  (L.  Garb.). 

Lingnla  halli  Whit«,  Proc.  Boston  Soo.  Nat.  HUt.,  IX,  1882,  p.  SO. 
Loe.  Burlington,  Iowa. 

Lingflla  howleyi  Matthew.  Lower  Ordovician. 

Lingnla  howleyi  Bf atthew.  Trans.  Royal  Soo.  Canada,  2d  ser.,  1, 1896,  p.  259,  pi. 

l,fig.3. 
Loc,  Kelleys  Island,  Conception  Bay,  Newfoundland. 
Oh9.  Appears  to  be  a  synonym  for  L.  mnrrayi  Billings. 

Lingnla  hurlbnti  N.  H.  Winchell  s=  Olosaina  hurlbuti. 

Lingnla  hnronenais  Billings.  Ohazy  (Ord.). 

Lingnla  hnronensis  Billings,  Canadian  Nat.  Geol.,  IV,  1859,  p.  433,  fig.  9;— Geol. 

Canada,  1863,  p.  124,  fig.  48. 
Loo.  St.  Joseph  Island,  Lake  Huron. 

Lingflla  indianaendf  Miller  and  Gnrley.  Keokuk  (L.  Garb.). 

Lingnla  indianensis  Miller  and  Gurley,  Bull.  lUinois  State  Hub.  Nat.  Hist.,  3, 

1893,  p.  69,  pi.  7,  fig.  1. 
Loc.  Crawfordsville,  Indiana. 

Lingnla  ingens  Spencer.  Kiagara  (Sil.). 

Lingnla  ingens  Spencer,  Bull.  Univ.  State  Missouri,  1884,  p.  56; — Trans.  St. 

Louis  Acad.  Sci.,  IV,  1886,  p.  606,  pi.  8,  fig.  6. 
Loo.  Hamilton,  Ontario. 

Lingnla  ininlarii  Billings.  Anticosti  (Sil.). 

Lingnla  insularis  Billings,  Catalogue  Sil.  Fuss.  A^nticosti,  1866,  p.  40. 
Loc.  Anticosti. 

Lingnla  iole  Billings.  Galciferoos  (Ord.). 

Lingnla  iole  Billings,  Pal.  Fossils,  I,  1865,  p.  215,  fig.  199. 
Loc.  Near  Portland  Creek,  Newfoundland. 

Lingnla  iowaensii  Owen.  Oalena  (Ord.). 

Lingnla  iowensis  Owen,  Geol.  Rep.  Iowa,  Wisconsin,  and  Illinois,  1844,  p.  70, 
pi.  15,  fig.  1.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  8,  pi.  1, 
fig.  14.— Winchell  and  Schnchert,  Minnesota  Geol.  Survey,  III,  1893,  p.  349, 
pi.  29,  figs.  19-22.— Whiteaves,  Pal.  Fobs.,  Ill,  Pt.  Ill,  1897,  p.  164. 

Lingula  quadrataf  Owen  (not  Eicli.),  Geol.  Rep.  Wisconsin,  Iowa,  and  Minne- 
sota, 1851,  pi.  2B,  fig.  8.  [See  specimens  in  U.  S.  Nat.  Mns.,  Cat.  luTort. 
Foss.,  17873.] 

Lingnla  quadrata  Hall,  Geol.  Wisconsin,  1, 1862,  p.  46,  fig.  1,  and  p.  436.— Meek 
and  Worthen,  Geol.  Survey  Illinois,  III,  1868,  p.  306,  pi.  2,  ^g.  4. 

Lingulella  iowensis  Whitfield,  Geol.  Wisconsin,  lY ,  1882,  p.  242,  pi.  9,  fig.  1. 

Loe.  Wisconsin;  Iowa;  Minnesota;  Illinois;  Lake  Winnipeg,  Manitoba. 
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LiDgnla  ireue  Bi]ling8=Lingiilella  Irene. 

lingola  iris  Billings.  Oaloiferons  (Ord.). 

LingnlA  iris  BilUngs,  Pal.  Fossils,  1, 1865,  p.  301,  fig.  290. 
L9e.  Point  Levis,  Can84a. 

TJngnia^  kingstonendi  Billings.  Black  Biver  (Ord.). 

Lingol*  kingstoBonsis  Billings,  Pal.  Fossils,  1, 1862,  p.  48,  fig.  51  ;~Geol.  Canada, 

1869,  p.  l*li  ft«-  74. 
Loe,  Long  Island,  near  Kingston,  Canada. 

Lingnla  lamellata  Hall,  1852  (partim,  uon  Hall,  1843)  =:L.  taaniola. 
langnla  lamellata  Hall.  Niagara  (Sil.). 

Lingnla  lamellata  Hall,  Geol.  New  York;  Rep.  Fourth  Dist.,  1843,  p.  108,  fig. 
2;— Pal.  New  York,  II,  1852,  p.  249,  pi.  53,  figs.  1,  2  (nou  p.  55,  pi.  20,  fig. 
4=L.  tieniola).— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  16,  pi. 

I,  figs.  9,  10;  pi.  4K,  figs.  10-13. 

Loe,  Lockport  and  Roobsster,  New  York;  Hamilton,  Ontario. 

Lingnla  leana  Hall=aiossina  leana. 

Lingnla  ligea  Hall.  Hamilton-Portage  (Dev.). 

Lingula  ligea  Hall,  Thirteenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1860,  p. 

76;— Pal.  New  York,  IV,  1867,  p.  7,  pi.  1,  fig.  2.— Waloott,  Men.  U.  S.  Geol. 

Sorvey,  VIII,  1884,  p.  107,  pi.  2,  fig.  2.— Clarke,  Bull.  IT.  8.  Geol.  Survey,  16, 

1885,  p.  62. 
Lingula  ligea  var.  HaU,  Pal.  New  York,  IV,  1867,  p.  8,  pi.  2,  fig.  8. 
Lingula  ligeaf  Whitfield,  Annals  New  York  Acad.  Sci.,  V,  1891,  pp.  547,  573,  pi. 

II,  figs.  3, 4;— Geol.  Ohio,  VII,  1895,  p.  441,  pi.  7,  figs.  3,4;  p.  462. 

Loe,  Seneca  Lake,  Ithaca,  ete..  New  York;  Thedford,  Ontario  (Wbiteaves) ; 
Delaware  County,  Ohio  (Whitfield) ;  Eureka  district,  Nevada. 

Idngola  ligea  nevadaeniii  Walcott.  Lower  Devonian. 

Lingnla  ligea  var.  nevadensis  Walcott,  Hon.  U.  8.  Geol.  Survey,  VIII,  1884,  p. 

107,  pi.  2,  fig.  3. 
Loe.  Eureka  district,  Nevada. 

Lin^riiia  lingnlata  Hall  and  Clarke.  Clinton  (Sil). 

Lingula  lingnlata  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  173, 

pi.  4K,  fig.  5. 
Loe,  Hamilton,  Ontario. 

T.faignia.  lonettiii  Walcott.  Lower  Devonian. 

Lingnla  lonensis  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  108,  pi.  13,  fig.  1. 
Loe.  Lone  Mountain,  Nevada. 

j.ingiila.  Ineretia  BiUings.  Gaspe  No.  5  (Dev.). 

Lingnla  lucretia  Billings,  Pal.  Fossils,  II,  1874,  p.  14,  fig.  3. 
Loe,  Cape  Bon  Ami,  Gasp^. 

Idngola  lyelli  Billings.  Cbazy  (Ord.). 

Lingnla  lyeUl  Billings,  Canadian  Nat.  Geol.,  IV,  1859,  p.  348,  fig.  1 ;  p.  431 ;— Geol. 

Canada,  1863,  p.  124,  fig.  49. 
Loe.  Alnmette  Island. 

j.ingnla.  aiaida  HaU.  Hamilton  (Dev.). 

Lingnla  maida  HaU,  Sixteenth  Rep.  Now  York  State  Cab.  Nat.  Hist.,  1863,  p.  20;— 

Pal.  New  York,  IV,  1867,  p.  9,  pi.  2,  fig.  13. 
Loe.  Moscow,  New  York. 
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ling^nla  manni  Hall.  Gorniferons  (Dev.). 

Lingola  manni  Hall,  Sixteenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1863,  p. 
20;— Pal.  New  York,  IV,  1867,  p.  6,  pi.  2,  fig.  3.— Whitfield,  Anuals  New  York 
Acad.  Sci..  V,  1891,  p.  546,  pi.  11,  figs.  1,  2;— Oeol.  Ohio,  VII,  1895,  p.  441, 
pi.  7,  figs.  1,  2. 

Loc,  Delaware  County,  Ohio. 

Lmg^ula  mantelli  Billings.  Oalciferous  (Ord.). 

Lingnla  mantelli  BiUingB,  Canadian  Nat.  Geol.,  IV,  1859,  p.  349,  figs,  le-lf ;— 

Geol.  Canada,  1863,  p.  113,  fig.  20. 
Loe,  St.  Knstaehe,  Canada. 

IdngaLa  (?)  mantioiila  White.  Upper  Cambrian. 

Lingulaf  mantioiila  White,  Wheeler's  Expl.  Survey  west  100  Merid.,  Prel.  Rep., 

1874,  p.  9;— Ibidem,  Final  Rep.,  IV,  1875,  p.  52,  pi.  3,  fig.  2.— Walcott,  Mon. 
U.  S.  Geol.  Survey,  VIII,  1884,  p.  13,  pi.  9,  fig.  3;  pi.  11,  fig.  2. 

Loc,  Schell  Creek  Range,  Nevada.  • 

Lingula  marginata  d'Orbigny  (non  Phillips) =L.  submarginata. 

Lingula  matthewi  Hartt=Acrothele  mattbewi. 

Lingola  meeki  Herrick.  Waverly  (L.  Carb.). 

Lingula  meeki  Herrick,  Bull.  Denison  Univ.,  IV,  1888,  pp.  13,  18,  pi.  10,  fig. 

31;— Geol.  Ohio,  VII,  1895,  pi.  22,  figs.  7,  8. 
Loc.  Cuyahoga  Valley,  Ohio. 

Lingola  melie  Hall.  Waverly  (L.  Carb.). 

Lingula  melie  Hall,  Sixteenth  Rep.  New  York  State  Cah.  Nat.  Hist.,  1863,  p. 

24;— Pal.  New  York,  IV,  1867,  p.  14,  pi.  1,  figs.  3,  4.— Meek,  Pal.  Ohio,  II. 

1875,  p.  276,  pi.  14,  fig.  3.— Herrick,  Bull.  Denison  Univ.,  IV,  1888,  p.  13.— 
Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  12,  fig.  9;  pi.  1,  fig. 
32.— Herrick,  Geol.  Ohio,  VII,  1895,  pi.  20,  fig.  1;  pi.  22,  fig.  10. 

Loc,  Chagrin  Falls  and  Berea,  Ohio. 

Lingola  membranaoea  Wincbell.  Waverly  (L.  Carb.). 

Lingula  memhranacea  A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1863,  p. 
3.— Herrick,  Bull.  Denison  Univ.,  IV,  1888,  pp.  12.  17,  pi.  3,  fig.  4;— Geol. 
Ohio,  VII,  1895,  pi.  22,  fig.  4. 

Lingula  (Lingnlellaf )  membranaoea  Meek,  Pal.  Ohio,  II,  1875,  p.  276,  pi.  14,  fig.  4. 

Loo,  Burlington,  Iowa;  Harts  Grove  and  Loudon ville,  Ohio;  Shafers,  Pennsyl- 
vania. 
Lingola  meteniis  Terquem  ?  Lower  Lias  (Jurassic). 

Lingnla  cf.  metensis  (Terquem)  Mdricke,  Neues  Jahrbuch  f.  Mineral.,  Beilage- 
hand,  IX,  1894,  p.  68,  pi.  5,  fig.  10. 

Loc,  Sierra  de  la  Ternera ;  Mine  Amolanes,  Chile. 

Lingula  mi iinesotensis  N.  H.  Winehell==L.  elderi. 

Lingola  minota  Meek.  Hamilton  (Dev.). 

Lingula  minuta  Meek,  Trans.  Chicago  Acad.  Sci.,  I,  1868,  p.  87,  pi.  13,  fig.  1. 

Loc.  Near  Fort  Resolution,  Great  Slave  Lake,  British  America. 

Lingola  modesta  E.  O.  Ulrich.  Trenton-Lorraine  (Ord.). 

Lingula  modesta  Ulrich.  American  Geologist,  III,  1889,  p.  382,  fig.  4  on  p.  378.— 

Winchell  and  Schuohert,  Minnesota  Geol.  Survey.  Ill,  1893,  p.  344,  pi.  29, 

fig.  41. 
Lingula  vanhomi  Hall  and  Clarke  (non  Miller),  Pal.  New  York,  VIII,  Pt.  1, 1892, 

pi.  1,  fig.  4. 
Loc,  Covington  and  Frankfort,  Kentucky;  Lattners,Iowa;  Granger  and  WykoflT, 

Minnesota. 
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Lingiila  morsel  (N.  H.  WiDchell).  St.  Peters  (Ord.). 

Lingalepis  moraensis  N.  H.  Winchell,  Fourth  Ann.  Rep.  Geol.  Nat.  Hist.  Sor- 

yey  Minnesota,  1876,  p.  41,  fig.  6. 
IiiAgnlepia  morsii  Miller,  N.  American  Geol.  Pal.,  1889,  p.  352. 
Lingnla  morsii  Hall  and  ClarlEe,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  62.— Sarde. 

son,  Ball.  Minnesota  Acad.  Nat.  8oi.,  IV,  1896,  p.  77,  pi.  4,  figs.  2,  3. 
Loe.  Near  Fountain,  Minnesota. 

LJBgnla  moda  Hall.  Upper  Cambrian. 

Lingnla  mosia  Hall,  Sixteenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1863,  p. 

126,  pi.  6,  figs.  l-d;->Trans.  Albany  Institute,  V,  1867,  p.  102.— Sardeson, 

Boll.  Minnesota  Acad.  Nat.  Sci.,  IV,  1896,  p.  95. 
Lo€.  Lagrange  Mountain,  Minnesota ;  Mazomanie,  Wisconsin. 

Lingnla  mnnsteri  d'Orbigny.  Ordovician. 

Lingnla  mtinsterii  d'Orbigny,  Voyage  dans  TAmdrique  Mdridionale,  Pal.,  1842, 

p.  29,  pi.  2,  fig.  6. 
Lingnla  mUnsteri  A.  Ulrich,  N.  Jahrb.  f.  Mineral.,  Beilageband,  VIII,  1892,  p.  7. 
Lac.  Taoopaya,  etc.,  Bolivia. 

Luigala(?)  mnrrayi  Billings.  Upper  Cambrian. 

Lingnla  mnrrayi  Billings,  Canadian  Nat.  Geol.,  n.  ser.,  VI,  1872,  p.  467,  fig.  3;— 

Pal.  Fossils.  II,  1874,  p.  66,  fig.  34. 
Loc.  Bell  Island,  Conception  Bay,  Newfoundland. 
Ob$.  See  Lingn  la  howleyi. 

Lingnla  mytiloidet  Sowerby.  Upper  Carboniferous. 

Lingnla  mytiloides  Sowerby,  Mineral  Conchology,  1, 1813,  p.  55,  tab.  19,  figs.  1, 
2.— Meek  and  Worthen,  Geol.  Survey  Illinois,  V,  1873,  p.  572,  pi.  25,  fig.  2. 
Loc.  Illinois. 

Lingnla  nitida  Meek  and  Hayden*  Upper  Cretaceous. 

Lingnla  nitida  Meek  and  Hay  den,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1861,  p. 

443.— Meek,  Rep.  U.  S.  Geol.  Survey  Terr.,  IX,  1876,  p.  9,  pi.  28,  fig.  18.— 

White,  Eleventh  Rep.  U.  S.  Geol.  Survey  Terr.,  1879,  p.  205.— Whiteaves, 

Cont.  Canadian  Pal.,  I,  1885,  p.  29. 
Loc.  Mouth  of  Big  Horn  River,  Nebraska ;  Sage  Creek,  Colorado ;  Near  Irvine 

Station,  Canadian  Pacific  Railroad,  Canada. 

Lingnla  norwoodl  James =LingulopB  norwoodi. 
Lingnla  nuda  Hall  (partim)=L.  complauata. 

Lingola  nnda  Hall.  Hamilton  (Dev.). 

Lingnla  nnda  HaU,  Sixteenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1863,  p.  22  ;— 

Pal.  New  York,  IV,  1867,  p.  10,  pi.  2,  figs.  5,  6  (non  ^g.  4=L.  complanata). 
Loc.  Canandaigna  Lake,  New  York. 

lingnla  nympha  Billings.  Galciferous  (Ord.). 

Lingula  nympha  Billings,  Pal.  Fossils,  1, 1865,  p.  214,  fig.  198. 
Loc.  Table  Head,  Newfonndland. 

lingnla  oblata  Hall.  Clinton  (Sil.). 

Lingnla  oblata  Hall,  Geol.  New  York;  Rep.  Fourth  Dist.,  1843,  p.  77,  fig.  8  on  p. 

76;— Pal.  New  York,  II,  1852,  p.  54,  pi.  20,  fig.  2. 
Loc.  Sodns  and  Wolcott,  New  York. 

Lingnla  oblonga  Conrad  (non  Eichwald)=L.  clintoni. 

lingnla  obtnaa  Hall.  Treiiton-ntica  (Ord.). 

Lingnla  obtnsa  Hall,  Pal.  New  York,  1, 1847,  p.  98,  pi.  30,  fig.  7.— Billings,  Geol. 
Canada,  1863,  p.  161,  fig.  137.— Whiteaves.  Pal.  Foss.,  Ill,  Pt.  Ill,  1897,  p.  165. 
Loe,  Middlerille,  New  York;  Lake  Winnipeg  and  Ottawa,  Canada^  j 
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Liugala  palifonuis  Hall=Lingalella  paliformis. 

Lmgula  papulosa  Emmons.  Trenton  (Onl.)* 

Lingala  papilloea  Emmons,  American  Geology,  Ft.  11,  1855,  p.  202,  fig.  64 ;~ 

Manoal  Geol.,  1860,  p.  99,  fig.  in  text. 
hoc.  Unknown. 

Lingula  paracletns  Hall  and  Clarke.  Waverly  (L.  Carb.). 

Lingala  paracletus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  10, 12, 

fig.  8;  p.  172. 
Loc,  Chardon,  Ohio. 

Lmgula  parriBhi  Miller.  Upper  Carboniferous. 

Lingala  parrishi  Miller,  Eighteenth  Ann.  Rep.  Geol.  Survey  Indiana,  1894,  p. 

307,  pi.  8,  fig.  2  ;pL  9,  fig.  1. 
Loc.  Kansas  Cit^  Missouri. 

Lingflla  perlata  Hall.  Lower  Helderberg  (Dev.). 

Lingala  perlata  Hall,  Pal.  New  York,  III,  1859,  p.  156,  pi.  9,  figs.  3-5. 
Loc,  Albany  and  Schoharie  counties.  New  York. 

Lingula  i>erovata  Hall==Glossina  perovata. 
Lingula  perplexa  Hall=L.  subelliptica. 

Idngula  perryi  Billings.  t  Chazy  (Ord.). 

Lingula  perryi  Billings,  Pal.  Fossils,  I,  1861,  p.  20,  fig.  23;— Geol.  Vermont,  II, 

1861,  p.  957,  fig.  363;--Geol.  Canada,  1863,  p.  274,  fig.  278. 
Loc.  Highgate  Spring,  Vermont. 

langnla  philomela  Billings.  Trenton  and  Lorraine  (Ord.). 

Lingala  philomela  Billings,  Pal.  Fossils,  I,  1862,  p.  49,  fig.  53;— Geol.  Canada, 
1863,  p.  161,  fig.  133.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  pi.  1, 
fig.  8.— Winchell  and  Schachert,3Iinnesota  Geol.  Survey,  HI,  1893,  p.  312, 
pi.  29,  figs.  7,  8. 

Loc,  Montmorency  Falls,  Ottawa,  etc.,  Canada;  FlorenceviUe,  Iowa. 

longnla  plagemanni  Moricke.  Jurassic. 

Lingula  plagemanni  Moricke,  Neues  Jahrbuch  f.  Mineral.,  Beilageband,  IX,  1894, 

p.  59,  pi.  5,  fig.  9. 
Loo,  Canales  and  Caracoles,  Bolivia. 

Lingula  pinnaformis  Hall  =  Liugnlepis  pinniformis. 
Lingula  polita  Hall=Obolella  polita. 
Lingula  prima  Hall=Lingulepi8  prima. 
Lingula  procteri  TJlrich=L.  vanhorni. 

Lingula  progne  Billings.  Trenton-TJtica  (Ord.). 

Lingula  progne  Billings,  Pal.  Fossils,  1, 1862,  p.  47,  fig.  50;— Geol.  Canada,  1863, 

p.  161,  fig.  134;  p.  201,  fig.  196. 
Loc,  Montreal,  CoUingwood,  Ottawa,  etc.,  Canada. 

Lingala  punctata  Hall.  Hamilton  and  Itbaca  (Dev.). 

Lingula  punctata  HaU,  Sixteenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1863,  p. 

21;— Pal.  New  York,  IV,  1867,  p.  10,  pi.  1,  fig.  6.— Hall  and  Clarke,  Pal.  New 

York,  VUI.  Pt.  I,  1892,  pp.  11, 17,  pi.  1,  figs.  26-28. 
Loo,  Canandaigua  Lake  and  Summit,  New  York;   Portage  group  at  Itbact 

(Williams). 

Lingula  quadrata,  American  authors =L.  rectilateralis  and  L.  iowaensis. 
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Lingola  qnebeoensLi  Billiugs.  Upper  Cambrian  and  Oalciferous. 

Lingula  qoebecenBU  Billings,  Pal.  Foesils,  I,  1862,  p.  72,  fig.  65;  pp.  72,  216;— 

Geol.  Canada,  1863,  p.  230,  fig.  241. 
Loo,  Point  Levis,  Sillery,  etc.,  Canada;  Cow  Head,  Newfoundland. 

Lingala  rectilatera  Hall.  Lower  Helderberg  (Dev.). 

Lingnla  rectilatera  Hall,  Pal.  New  York,  III,  1859,  p.  156,  pi.  9,  figs  6-8. 
Lae.  Albany  and  Schoharie  counties,  New  York;  Arisaig,  Nova  Scotia  (Ami). 

langnla  reotUateralii  Emmons.  Trenton-Lorraine  (Ord.). 

Lingula  rectilateralis  Emmons,  Oeol.  New  York;  Rep.  Second  Dist.,  1842,  p. 

399,  fig.  6. 
Lingala  (piadrata  Hall  (non  Eichwald),  Pal.  New  York,  1,  1847,  p.  96,  pi.  30,  fig. 

4;  p.  285,  pi.  79,  fig.  1.— Billings,  Canadian  Nat.  Oeol.,  I,  1856,  p.  319,  fig. 

8.— Rogers,  Geol.  Penusylrania,  II,  Pt.  II,  1858,  p.  820,  fig.  615.— BiUings, 

Geol.  Canada,  1863,  p.  161,  fig.  131;— Catalogue  Sil.  Fom.  Anticosti,  1866,  p. 

10.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  1,  fig.  13. 
Lingula  elegantula  Shaler,  Bull.  Mus.  Comp.  Zool.,  4,  1865,  p.  61. 
f Lingula  quadrata  Miller,  Cincinnati  Quart.  Jour  Scl.,  II,  1875,  p.  9. 
Loc.  Rodman,  Lorraine,  MiddleTille,  Trenton  Falls,  etc..  New   York;  Ottawa 

etc.,  Canada;  Anticosti. 
Obs,  This  species  is  more  closely  related  to  L.  iowaensis  than  to  L.  quadrata 

Eichwald. 

langnla  lidniformiB  Hall.  Trenton  (Ord.). 

Lingula  riciniformis  Hall,  Pal.  New  York,  1, 1847,  p.  95,  pi.  30,  fig.  2.— Winchell 

and  Schnchert,  Minnesota  Geol.  Survey,  III,  1893,  p.  343,  fig.  24 ;  pi.  29,  fig  9. 
Lingula  (Glossina)  riciniformis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I, 

1892,  pi.  1,  fig.  3. 
Loe.  Middleville,  New  York;  Charlesbonrg,  Canada;  St.  Paul,  Minnesota. 

lingula  riciniformis  galenaensis  Wincbell  and  Scbuchert.    Trenton  (Ord.). 

Lingula  riciniformis  var.  galenensis  Winchell  and  Sohuchort,  American  Geol., 

rx,  1892,  p.  284;— Minnesota  Geol.  Survey,  III,  1893,  p.  344,  pi.  29,  figs.  10, 11. 

Loc,  Near  Kenyon  and  Fountain,  Minnesota;  Neenah  and  Oshkosh,  Wisconsin. 

Iiing;ii]a  rodiignesii  Bathbun.  Middle  Devonian. 

Lingula  rodriguezii  Rathbun,  Bull.  Buffalo  Soo.  Nat.  Sci.,  I,  1874,  p.  260. 
Loc.  Erere,  Province  of  Para,  Brazil. 

Lin£^ula  scotica  Meek  (non  Davidson )=Glos8ina  waverlyensis. 
Lingnla  scotica  var.  nebraskensis  Meek=Glo88inanebraskenBi8. 

lingula  scutella  Hall  and  Clarke.  Chemung  (Dev.). 

Lingula  scutella  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  171,  pi.  1, 

fig.  30. 
Loe,  Alleghany  County,  New  York. 

Lingnla  Bhnmardi  Cragin.  Lower  Cretaceous. 

Lingula shumardi  Cragin,  G^I.  Survey  Texas;  Fourth  Ann.  Rep.,  1893,  p.  166. 
Loo.  Bonham-Shermau  road,  Fannin  County,  Texas. 

Lingala  spathata  Hall.  Lower  Helderberg  (Dev.). 

Lingula  spathata  Hall,  Pal.  New  York,  III,  1859,  p.  157,  pi.  9,  figs.  7, 9, 11. 
Loc.  Albany  and  Schoharie  counties,  New  York;  Arisaig,  Nova  Scotia  (Ami). 

Lingula  spatiosa  Hall=Glossina  spatiosa. 

Lingala  spatolata  Yanuxem.  Genesee  and  Portage  (Dev.). 

Lingula  spatulata  Vanuzem,  Geol.  New  York;  Rep.  Third  Dist.,  1842,  p.  168, 
fig.  3;~Hall,  Ibidem,  Kep.  I'ourth  Dist.,  1843,  p.  223,  fig.  3 ;— Pal.  New  York, 
IV,  1867,  p.  13,  pi.  1,  fig.  l.—Clarke,  Bull.  U.  S.  Geol.  Survey,  16, 1885,  p.  25.— 
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Lingnla  spatnlata  Yannxem — Continued. 

TschemyBoheWy  M^moires  da  Comity  G^logique  de  St.  P^tenbonrg,  1887, 

p.  116,  pi.  14,  fig.  29.— HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt  1, 1892,  pi.  1, 

fig.  15. 
Lingala  spatalataf  Rathbun,  Ball.  Buffalo  Soc.  Nat.  Sci.,  I,  1874,  p.  2&8,  fig.  1;— 

Proo.  Boston  Soc.  Nat.  Hist.,  XX,  1879,  p.  16. 
Loc.  Lodi,  Seneca  Lake,  etc.,  New  York;  Portage  group  at  Ithaca,  New  York 

(Williams);  Erere,  Province  of  Para,  Brazil;  Urals  of  Russia. 

Lingpila  Btantoniana  Kathbun.  Middle  Devonian. 

Lingula  stautoniana  Rathbun,  Bull.  Buffalo  Soc.  Nat.  Sci.,  1, 1874,  p.  259,  fig.  3. 
Loc*  Erere,  Provinoe  of  Para,  Brazil. 

Lingala(?)  striata  Einmous.  Cambrian. 

Lingula  striata  Emmons,  American  Geology,  Pt.  II,  1855,  p.  112,  pi.  1,  fig.  17; — 

Manual  Geol.,  1860,  p.  88,  fig.  74. 
Loc.  Augusta  County,  Virginia. 

Idn^ola  snbelliptica  d'Orbigny.  Clinton  (Sil.). 

Lingula  elliptica  Hall  (non  Phillips),  Geol.. New  York;  Rep.  Fourth  Dist.,  1843, 

p.  76,  fig.  7. 
Lingula  subelliptica  d'Orbigny,  Prodrome  de  Pal.,  1,  1850,  p.  34. 
Lingula  perplexa  Hall,  Miller's  American  Pal.  Fossils,  1877,  p.  244. 
Loc.  Wolcott,  New  York. 

Lingula  snbmarginata  d'Orbigny.  Ordovician. 

Lingula  marginata  d'Orbigny,  Voyage  dans  I'Am^riqne  M^ridiouale,  Pal.,  1842, 

p.  28,  pi.  2,  fig.  5. 
Lingula  submarginata  d'Orbigny,  Prodrome  de  Pal.,  I,  1850,  p.  14. 
Loc.  Taoopaya,  Bolivia. 
Lingula  suboblonga  d'Orbigny=L.  clintoni. 

Lingula  subspatulata  Meek  and  Worthen  (non  Hall  and  Meek)=Bar- 

roisella  subspatulata. 
Lingala  snbspatulata  Hall  and  Meek.  Upper  Cretaceous. 

Lingula  subspatulata  Hall  and  Meek,  Mem.  American  Acad.  Arts  Science,  n. 

ser.,  V,  1854-1856,  p.  380,  pi.  1,  fig.  2.— White,  Rep.  Geogr.  Geol.  Survey  west 

100th  Merid.,  IV,  1875,  p.  169,  pi.  15,  fig.  4. 
Lingula  subspatulata?  Whiteaves,  Cont.  Canadian  Pal.,  I,  1889,  p.  185. 
Loc.  Near  Red  Cedar  Island,  Nebraska;  near  old  Fort  Wingate,  New  Mexico; 

Rolling  River,  Manitoba. 

Lingula  tseniola  Hall  and  Clarke.  Clinton  (Sil.). 

Lingula  lameUata  Hall  (partim).  Pal.  New  York,  II,  1852,  p.  55,  pi.  20,  fig.  4. 
Lingula  tieuiola  Hall  and  Clarke,  Ibidem,  VIII,  Pt.  I,  1892,  pp.  18,  173,  pi.  4K, 

fig.  8. 
Loc.  Clinton,  New  York;  Hamilton,  Ontario. 

Lingula  thedfordensifl  Whiteaves.  Hamilton  (Dev.). 

Lingula  thedfordensis  Whiteaves,  Extract  Cont.  Canadian  Pal.,   I,   1887,  p.  3, 

pi.  15,  fig.  1;— Cont.  Canadian  Pal.,  I,  1889,  p.  Ill,  pi.  15,  fig.  1. 
Loo.  Thedford,  Ontario. 

Lingula  tLghti  Herrick.  Upper  Carboniferous. 

Lingula  tighti  Herrick,  Bull.  Denison  Univ.,  II,  1887,  p.  43,  pi.  4,  fig.  5. 
Loc.  Newark,  Ohio. 

Lingula  trentonensis  Conrad r=Glossiiia  trentonensis. 
Lingula  triangulata  ]N'ettelroth=Glo88ina  triangulata. 
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Uxl^qIa  tiiqnetra  Clarke.  Portage  (Dev.)- 

Lingnla  triqaetra  Clarice,  Ball.  U.  8.  Geol.  Burrej,  16, 1886,  p.  62,  pi.  3,  fig.  11. 
Loc  Ontario  County,  New  York. 

Lingiila  traneata  Sowerby.  Neocomian  (Gret.). 

Lingnla  trunoata  Sowerby,  Trans.  Geol.  Soo.  London,  IV,  1836,  pi.  14,  fig.  15.— 
Davidson,  British  Cret.  Brach.,  Pal.  Soo.,  1852,  p.  6,  pi.  1,  figs.  27,  28,  31.— 
Behrendsen,  Zeit.  der  Deatschen  Geol.  Gessel.,  XLIV,  1892,  p.  27. 

Loe.  Eiiro]>e;  Arrogo,  Tringoico,  Argentine  Repoblic. 

Li]ig:iila  nmbonata  Gox.  Upper  Carboniferous. 

Lingnla  nmbonata  Cox,  Owen^a  Geol.  Survey  Kentucky,  III,  1857,  p.  576,  pi.  10, 
fig.  4.— White,  Thirteenth  Rep.  State  Geol.  Indiana,  1884,  p.  120,  pi.  25, 
fig.  14.— Herriek,  Bull.  Denison  Univ.,  II,  1887,  p.  144,  pi.  14,  fig.  2.— Keyes, 
Proc.  Acad.  Nat.  Sci.  Philadelphia,  1888,  p.  226;— Geol.  Survey  Missouri,  V, 
1805,  p.  38,  pi.  35,  fig.  4. 

Loc.  Crittenden,  Union,  and  Hancock  counties,  Kentucky;  Newark,  Ohio;  Des 
Moines,  Iowa;  Clinton  and  Kansas  City,  .Missouri. 

Lingnla  vanbomi  Hall  and  Clarke  (partim)=:L.  modesta. 

Lmgiila  Tanhonii  Miller.  Trenton  and  Lorraine  (Ord.). 

Lingnla  vanhomi  MiUer,  Cincinnati  Quart.  Jour.  Sci.,  II,  1875,  p.  9,  fig.  1; — 

Eighteenth  Rep.  Geol.  Survey  Indiana,  1894,  p.  309. 
Lingula  procteri  Ulrich,  American  Geologist,  III,  1889,  p.  377,  fig.  1.— Hall  and 

Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892.  p.  12,  pi.  1,  figs.  5-7. 
Loe.  Versailles,  Indiana;  Covington  and  Burgin,  Kentucky. 
Obs.  An  examination  of  the  type  specimen  led  to  the  above  synonymy. 

Idngnla  vartavieiiflis  Worthen.  Warsaw  (L.  Carb.). 

Lingnla  varsoviense  Worthen,  Bull.  Illinois  State  Mus.  Nat.  Hist.,  2.  1884,  p. 

24;— Geol.  Survey  Illinois,  VIII,  1890,  p.  104,  pL  11,  fig.  8. 
Lac,  Warsaw  and  Hamilton,  Illinois. 

Lingnla  waverlyensis  Herriek =aio8sina  waverlyensis. 

T.ingrnlft.  whitfieldi  Ulricb.  Lorraine  (Ord.). 

Lingula  whitfieldi  Ulrich,  American  Geologist,  III,  1889,  p.  381,  fig.  3  on  p.  378. 
Loe,  Covington,  Kentucky. 

lingnla  whitei  Walcott.  Lower  Devonian. 

Lingula  whitii  Walcott,  Mon.  U.  S.  Geol.  Survey, VIII,  1884,  p.  109,  pi.  13,  fig.  3.— 

Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  11,  pi.  1,  fig.  31. 
Loe,  Eureka  district,  Nevada. 

Lingula  winona  Hall=Lingalella  winona. 

LnraULASMA  E.  O.  Ulrich*  Oenotype  L.  schucherti  Ulrich. 

Lingulssma  Ulrich,  American  Geologist,  III,  1889.  p.  383.— Hall  and  Clarke,  Pal. 
New  York,  VIII,  Pt.  I.  1892,  pp.  24, 46,  163.— Winchell  and  Schuohert,  Min- 
nesota Gtool.  Survey,  III,  1893,  p.  353. — Hall  and  Clarke,  Eleventh  Ann.  Rep. 
New  York  State  Geologist,  1894,  p.  335. 

Lingnlelasma  MiUer,  N.  American  Geol.  Pal.,  1889,  p.  351. 

Lingolafma  galenaenie  Winchell  and  Schnchert.  Galena  (Ord.). 

Lingnlasma  galenensis  Winchell  and  Schuchert,  American  Geol.,  IX,  1892,  p. 

285;— Minnesota  Geol.  Survey,  III,  1893,  p.  354,  pi.  30,  figs.  1^. 
Loe.  Fillmore  and  Goodhue  counties,  Minnesota;  Decorah,  Iowa;  Neenah  and 

Oshkosh,  Wisconsin. 
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Lmgalanna  schneherti  XJlricb.  Lorraine  (Ord.)« 

LiDgolMma  Bchaoherti  Ulrich,  American  Geologist,  UI^  1889,  p.  389,  fig.  5  on  p. 

378.— Hall  and  Clarke,  Pal.  New  York,  VIU,  Pt.  I,  1892,  p.  24,  pi.  2,  £gB. 

17-23. 
Lingulelasma  schooherti  Miller,  N.  American  Oeol.  Pal.,  1889,  p.  351. 
Loc.  Wilmington  and  Savanna,  Illinois. 

LDrOULELLA  Salter.  Oenotype  Lingnla  davisi  McCoy. 

Lingulella  Salter,  Mom.  Geol.  Sarvey  Great  Britain,  III,  1866,  p.  333.— Hall  and 
Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  56,  163 ;— Eleyenth  Ann.  Sep. 
New  York  State  Geologist,  1894,  p.  232. 

Lingulella  affinis  Bi]]iug8=Lingalobolu8  affinis. 

Lingnlella  ampla  (Owen).  Middle  Oambrian. 

Lingala  ampla  Owen,  Geol.  Rep.  Wisconsin,  Iowa,  and  Minnesota,  1863,  p.  583, 
pi.  IB,  fig.  5.— Hall,  Sixteenth  Hep.  New  York  State  Cab.  Nat.  Hist,  1863, 
p.  125,  pi.  6,  fig.  10;— Trans.  Albany  Institute,  V,  1867,  p.  101. 

Loo,  Trempealeau,  Wisconsin ;  Winona,  Minnesota. 

Lingulella  aurora  Hall.  Upper  Oambrian. 

Lingala  aurora  Hall,  Ann.  Geol.  Rep.  Wisconsin,  1861,  p.  24; — Geol.  Snrr.  Wis- 
consin, 1, 1862,  p.  21,  fig.  4;  p.  435 ;— Sixteenth  Rep.  New  York  State  Cab. 
Nat.  Hist.,  1863,  p.  126,  pi.  6,  figs.  4,  5;— Trans.  Albany  Institute,  V,  1867, 
p.  108. 

Lingulella  aurora  Hall,  Twenty-third  Rep.  New  York  State  Cab.  Nat.  Hist., 
1873,  p.  244.— Hall  and  CUrke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  pl.  2,  figs. 
12,  13. 

Loo.  Mazomanie,  Wisconsin;  Osceola,  Wisconsin,  and  Otisville,  Minnesota  (Sar- 
deson). 

Lingiilella(?)  billingsajia  (Whiteaves).  Upper  Oambrian. 

Lingula  billiugsana  Whiteaves,  American  Jour.  Soi.,  3d  ser.,  XYI,  1878,  p.  226. 
Lingula  ctr.  billingsiana  Matthew,  Trans.  Royal  Soc.  Canada,  X,  1894,  p.  93,  pk 

16,  fig.  6. 
Loo.  Conception  Bay,  Newfoundland. 

Lingulella  oalata  (Hall).  -Lower  Cambrian. 

Orbicula  cselata  Hall,  Pal.  New  York,  I,  1847,  p.  290,  pl.  79,  fig.  9. 

Obolella  cselata  Billings,  Canadian  Nal.  Geol.,  2d  ser.,  VI,  1871,  p.  218. 

Obolella  (Obolus)  cselata  Ford,  American  Jour.  Sci.,  3d  ser.,  II,  1871,  p.  33. 

Lingnlella  cselata  Ford,  Ibidem,  XV,  1878,  p.  127.— Walcott,  Bull.  U.  S.  Geol. 
Surrey,  30,  1886,  p.  95,  pl.  7,  fig.  1;— Tenth  Ann.  Rep.  U.  S.  Geol.  Survey, 
1891,  p.  607,  pl.  67,  fig.  1.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892, 
p.  57,  pl.  2,  figs.  1--4. 

Lingula  f  cselata  Matthew,  Trans.  New  York  Acad.  Sci.,  XIV,  1896,  p.  126. 

Loo,  Troy  and  Schodack  Landing,  New  York ;  New  Brunswick. 

Lingulella  cineinDatiensis  Hall  and  Whitfield =Lingala  cincinnatiensis. 

Lingiilella(?)  cuneata  Matthew.  Lowest  Ordoviciaii. 

Lingulella(  f )  cnneata  Matthew,  Trans.  Royal  Soc.  Canada,  X,  1894,  p  92,  pl.  16, 

fig.  5. 
Loo,  Hardingville,  New  Brunswick. 

Idngnlella  dawsoni  Matthew.  Middle  Cambrian. 

Lingular  dawsoni  (Matthew  MS.)  Waloott,  Bull.  U.  S.  Geol.  Survey,  10,  1884, 

p.  15,  pl.  6,  fig.  8. 
Lingulella  dawsoni  Matthew,  Trans.  Royal  Soc.  Canada,  III,  1886,  p.  33,  pl.  5, 

fig.  9.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  M,  pl.  2,  fig.  5. 
Loo,  Portland,  etc.,  New  Brunswick. 
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Idn^ella  ella  (Hall  and  Whitfield).  Lower  and  Middle  Gambrian. 

LingulepiB  eUa  Hall  and  Whitfield,  King's  U.  S.  G«ol.  Ezpl.  40th  Pari.,  IV, 
1877,  p.  232,  pi.  1,  fig.  8. 

langolella  ella  Walcott,  Bull.  U.  8.  Geol.  Sarvey,  30,  1886,  p.  97,  pi.  7,  fig.  2;  pi. 
8,  fig.  4;— Tenth  Ann.  Rep.  U.  S.  Geol.  Survey,  1891,  p.  607,  pi.  67,  fig.  2.— 
Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  58,  figs.  19-21. 

Xoe.  Wasatch  Range,  Utah ;  near  Pioohe,  Nevada. 

Lin^ellA  granyilleniis  Walcott.  Lower  Cambrian. 

Lingnlella  grauvillensis  Walcott,  American  Jonr.  8ci.,  3d  ser.,  XXXIV,  1887,  p. 

188,  pi.  1,  fig.  15;— Tenth  Ann.  Rep.  U.  8.  Geol.  Surrey,  1891,  p.  607,  pi.  67,  fig. 

4.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1802,  p.  58. 
Lingnlella  ofr.  granyillensis  Matthew,  Trans.  New  York  Acad.  Set.,  XIV,  1895, 

p.  114. 
Lao.  North  Granville,  New  York;  f  New  Brunswick. 

Liiigiilella(?)  inflata  Matthew.  Middle  Cambrian. 

Lingnlella f  inflata  Matthew,  Trans.  Royal  Soc.  Canada,  III,  1886,  p.  33,  pi.  5, 

fig.  7;— Trans.  New  York  Acad.  Sci.,  XIV,  1896,  p.  127,  pi.  5,  fig.  3. 
Loc.  Hanford  Brook,  St.  Martins,  New  Brunswick. 

Idngnlella  inflata  ovalifl  Matthew.  t  Middle  Cambrian. 

LinguleUa  infiata  var.  ovalis  Matthew,  Trans.  New  York  Aoad.  Soi.,  XIV,  1895, 

p.  127,  pi.  5,  fig.  4, 
Loe.  Hanford  Brook,  New  Brunswick. 

Linspilella  Irene  (Billings).  Upper  Cambrian  and  Calciferons. 

Lingula  irene  Billings,  Pal.  Fossils,  1, 1862,  p.  71,  fig.  64;~Geol.  Canada,  1863, 

p.  230,  fig.  240. 
Loe.  Point  Levis,  Canada. 

Lingnlella  IflsvlB  Matthew.  Upper  Cambrian. 

Lingnlella  IflBvis  Matthew,  Trans.  Royal  Soc.  Canada,  IX,  1892,  p.  39,  pi.  12,  figs. 

4a,  4b. 
Loc.  Near  St.  John,  New  Brunswick. 

Lingnlella  lambomi  Meek.  tUpper  Cambrian. 

Lingulella  lambomi  Meek,  Proc.  Aoad.  Nat.  Sci.  Philadelphia,  1871,  p.  185,  fig. 

1.— Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  38,  pi.  35,  fig.  5. 
Loo.  Madison  County,  Missouri. 

Lingnlella  lingoloideB  Matthew.  Middle  Cambrian. 

Lingnlella  linguloides  Matthew,  Trans.  Royal  Soc.  Canada,  III,  1886,  p.  34,  pi.  5, 

fig.  8. 
Loc.  Porters  Brook,  St.  Martins,  New  Brunswick. 

Lingnlella  macoonelli  Walcott.  Middle  Cambrian. 

Lingnlella  macconelli  Walcott,  Proo.  U.  S.  Nat.  Museum,  XI,  1888,  p.  441. 
Loc,  Mt.  Stephens,  British  Columbia. 

Lingnlella  martinensifl  Matthew.  Middle  Cambrian. 

Lingnlella  marttnensis  Matthew,  Trans.  Royal  Soc.  Canada,  IV,  1890,  p.  155,  pi. 

8,  fig.  4;— Trans.  New  York  Acad.  Sci.,  XIV,  1895,  p.  113,  pi.  2,  fig.  6. 
Loc.  Hanford  Brook,  New  Brunswick'. 

Lingnlella  minnta  Hall  and  Whitfield.    Up.  Camb.  and  Pogonip  (Ord.). 
LinguleUaf  minuta  Hall  and  Whitfield,  King's  U.  S.  Geol.  Expl.  40th  Pari.,  IV, 
1877,  p.  206,  pi.  1,  figs.  3,  4.— Walcott,  Mon.  U.  S.  Geol.  Survey.  VIII,  1884, 
p.  13. 
Loc  Eureka  district,  Nevada. 
BuU.  87 17 
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Li]igiilella(?)  palifomiis  Hall.  Hamilton  (Dev.). 

Lingala  paliformU  Hall,  Thliteenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1860, 

p.  76,  fig.  1. 
Lingula  palsBformis  Hall,  Pal.  New  York,  IV,  1867,  p.  8,  pi.  1,  fig.  7.— Whitfield, 

Qeol.  Wisconsin,  IV,  1882,  p.  324,  pi.  25,  fig.  10. 
Lingalellaf  palsformis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp. 

59,  64,  pi.  2,  figs.  6^. 
Loo,  Cayuga  Lake,  New  York  \  Mil wankee,  Wisconsin. 

Lmgnlella  radula  Matthew.  Middle  Cambrian. 

Lingnlella  radula  Matthew,  Trans.  Royal  Soc.  Canada,  VIII,  1891,  p.  147,  pi.  15, 

figs.  7,  8. 
Loo,  St.  John,  New  Bmnswick. 

IdngQlella  roberti  Matthew.  Lower  Ordovician. 

Lingnlella  roberti  Matthew,  Trans.  Royal  Soc.  Canada,  2d  ser.,  I,  1896,  p.  256, 

pl.  1,  fig.  2. 
Loe,  Cape  Breton,  Nova  Scotia. 

LingTilella  selwyni  Matthew.  Lower  Ordovician. 

Lingnlella  selwyni  Matthew,  Trans.  Royal  Soc.  Canada,  2d  ser.,  I,  1896,  p.  255, 

pl.  1,  fig.  1. 
Loc,  Cape  Breton,  Nova  Scotia. 

Lingalellaf  spi8sa=:SphaBrobolus  spissus. 

Idngulella  starri  Matthew.  Middle  Cambrian. 

Lingnlella  starri  Matthew,  Trans.  Royal  Soc.  Canada,  VIII,  1891,  p.  146,  pl.  15, 

figs.  5,  6. 
Loo.  St.  Johns,  New  Bmnswick. 

Idng^ella  starri  minor  Matthew.  Upper  Cambrian. 

LingnleUa  starri  var.  minor  Matthew,  Trans.  Royal  Soc.  Canada,  IX,  1892,  p.  58. 
Loo,  Near  St.  John,  New  Brnnswick. 

Idngulella  stoneana  Whitfield.  Upper  Cambrian. 

Lingnla  aurora  ^ar.  Hall,  Sixteenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1863, 
p.  127,  pl.  6,  figs.  6-8;— Trans.  Albany  Institute,  V,  1867,  p.  104;— Twenty- 
third  Rep.  New  York  Stat«  Cab.  Nat.  Hist.,  1873,  pl.  13,  fig.  5. 

iWngulella  stoneana  Whitfield,  Geol.  Wisconsin,  IV,  1882,  p.  334,  pl.  27,  figs.  6, 
7.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pl.  2,  figs.  9-11. 

Loo,  Prairie  du  Sac  and  Mazomanie,  Wisconsin. 

lingnlella  winona  (Hall).  Middle  Cambrian. 

Lingula  winona  Hall,  Sixteenth  Rep.  New  York  State  Cab.  Nat.  Hint.,  1863,  p. 

126,  pl.  6,  fig.  9;— Traus.  Albany  Institute,  V,  1867,  p.  102.— Sardeson,  Bull. 

Minnesota  Acad.  Nat.  Sci.,  IV,  1896,  p.  96. 
Loo.  Lansing,  Iowa;  Wisconsin. 

LDTOULEPIS  Hall.  Genotype  Lingala  piimiforinis  Owen. 

Lingulepis  Hall,  Sixteenth  Rep.  New  York  State  Cab.  Nat.  Hist.,  1863,  p.  129.— 
Meek  and  Hayden,  Pal.  Upper  Missouri,  Smithsonian  Cont.  to  Know].,  XIV. 
172,  1864,  p.l.— Hall,  Trans.  Albany  Institute,  V,  1867,  p.  106.— Hall  and 
Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  59,  163;— Eleventh  Ann.  Rep. 
New  York  State  Geologist,  1894,  p.  231. 

Ob9.  The  essential  difference  between  Lingulepis  and  Lingnlella  is  tbat  the  ven- 
tral beak  of  the  former  is  often  much  attenuated.  The  amount  of  attenna- 
tion,  however,  is  often  a  very  changeable  feature  in  specimens  of  a  species 
from  a  locality.  It  is  this  variation  and  the  want  of  large  collections  that 
has  lead  to  the  making  of  too  many  species  of  Lingulepis. 
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Lmgnlepifl  aduninata  (Conrad).  Upper  Cambrian. 

Lingnla  acaminata  Conrad,  Third.  Ann.  Sep.  New  York  Geol.  Survey,  1839,  p. 
64.— Hall,  Pal.  New  York,  1, 1847,  p.  9,  with  flg.— Billings,  Geol.  Canada,  1863, 
p.  102,  fig.  8.— Matthew,  Trana.  Royal  Soc.  Canada,  2d  ser.,  1, 1896,  p.  257,  pi. 
2,  fig.  5. 

Lingnla  antiqna  EmmonB,  Geol.  New  York;  Rep.  Second  Diet.,  1842,  p.  268,  fig. 
68.— Hall,  Pal.  New  York,  I,  1847,  p.  3,  pi.  1,  fig.  3.— Emmons,  American 
Geology,  Pt.  II,  1855,  p.  202,  pi.  4,  fig.  7. 

Gloesina  acuminata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1,  1892,  pi.  1, 
figs.  1,2. 

Zoc.  Saratoga  and  Franklin  counties,  etc..  New  York;  Lansdowne,  Bastard,  ami 
Beverly,  tianada. 

Oba,  The  material  of  this  species  in  the  collection  of  the  U.  8.  Geological  Sur- 
vey has  specimens  which  are  difficnlfc  to  separate  from  L.  pinniformis  and 
L.  dakotensis,  and  there  is  every  gradation  between  these  and  L.  acnminata. 
See  L.  pinniformis. 

LmgnlepiB  acntangnluB  (Boemer).  Upper  Cambrian. 

Lingnla  acutangula  Roemer,  Texas,  1849,  p.  420; — Kreidebildung  Texas,  1852,  p. 

90,  pi.  11,  fig.  10. 
Loe,  Burnett  and  Llano  counties,  Texas. 

Lingalepis  affiiiis  =  Lingnlobolas  af&nis. 

LingalepiB  cnneoliis  Whitfield.  Upper  Cambrian. 

Lingulepis  cnneolus  Whitfield,  Powell's  Geol.  Geogr.  Survey  Rocky  Mountain 

Region,  Prel.  Rep.,  1877,  p.  8;— Ibidem,  Final  Rep.,  1880,  p.  336,  pi.  2, 

figs.  5,  6. 
Lingulepis  perattennatus  Whitfield,  Ibidem,  Prel.  Rep.,  1877,  p.  9;— Final  Rep., 

1880,  p.  337,  pi.  2,  figs.  7-9. 
Loc,  Red  Canyon  Creek,  Black  Hills,  South  Dakota. 

Lingalepis  dakotensis  Meek  and  Hayden=L.  pinniformis. 
Lingalepis  ella  Hall  and  Whitfield =Lingulella  ella. 

Li]igiilapi8(?)  msBra  Hall  and  Whitfield.    Up.  Camb.  and  Pogonip  (Ord.). 

Lingulepis  msera  HaU  and  Whitfield,  King's  U.  8.  Geol.  Expl.  40th  Pari.,  IV,  1877, 
p.  206,  pi.  1,  figs,  5-7.— Walcott,  Mon.  U.  S.  Geol.  Surrey,  VIII,  1884,  p.  12. 
Lingulepis?  msera  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  61. 
Loc.  Secret  Canyon,  Rnhy  Hill,  and  Enreka  district,  Nevada. 

IdngolepiB  matinalis  Hall.  Upper  Cambrian. 

Lingulepis  pinnaformis  Hall,  Sixteenth  Kep.  New  York  State  Cab.  Nat.  Hist., 

1863,  p.  130;— Ibidem,  1863,  p.  130,  pi.  6,  figs.  12,  13. 
Obs.  A  distinct  species  occurring  in  numbers  in  a  blue  shale  just  above  the  trap 

at  St.  Croix  Falls,  Wisconsin. 

Lingulepis  minima  Whitfield=L.  prima. 
Liugolepis  minnta  Hall  and  Whitfield =Obolella  whitfieldi. 
Lingulepis  morsensis  K  H.  Winchell=Lingula  morsei. 
Lingulepis  perattennata  Whitfield =L.  cuneolns. 

Lmgnlepifl  piDniformis  (Owen).  Upper  Cambrian. 

Lingnla  antiqna  and  prima  (non  Emmons,  Hall,  1847)  Foster  and  Whitney,  Geol. 

Rep.  Lake  Superior  Dist.,  II,  1851,  p.  204,  pi.  23,  figs.  1,  2.~Hall,  Geol. 

Wisconsin,  I,  1862,  p.  21,  fig.  3. — Hayden,  American   Jour.  8ci.,  2d  ser., 

XXXIII,  1863,  p.  73. 
Lingnla  pinnaformis  Owen,  Geol.  Survey  Wisconsin,  Iowa,  Minnesota,  1^2,  p. 

583,  pi.  IB,  figs.  4,  6,8.— HaU,  Geol.  Wisconsin,  I,  1862,  pp.  21,  435,  fig.  3. 
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Xonipilepifl  pinnifiormis  (Oweu) — Oontinued. 

Orbi*.  ula  prima  Owen,  Geol.  Survey  Wisconsin,  Iowa,  Minnesota,  1852,  figs.  17, 19.        j 

Lingulopiej  pinnaformis  Hall,  Sixteenth  Rep.  New  York  State  Cab.  Nat.  Hist,       j 
186.^,  p.  129,  pi.  6,  figs.  14-16;— Trans.  Albany  Institute,  V,  1867,  p.  107.- 
Wliitfield,  Po weirs  Geol.  Geogr.  Survey  Rocky  Mountain  Region,  1880,  p.       ' 
3;r>,  pi.  2,  figs.  1-4;— Geol.  Wisconsin,  IV,  1882,  p.  169,  pi.  1,  figs.  2,  3.  | 

Liiigiik^pis  pinniformis  and  dakotensis  Meek  and  Hayden,  Pal.  Upper  Missouri, 
SDiithsonian  Cent,  to  Knowl.,  XIV,  172,  1864,  pp.  2,  3,  pi.  1,  fig.  1. 

LingiilepiB  dakotensis  Whitfield,  Powell's  Geol.  Geogr.  Survey  Rocky  MouDtain 
Ke-ion,  1880,  p.  337,  pi.  2,  figs.  10,  11. 

Litijr,[k  pis  pinniformis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  60, 
tige.  22,  23;  pi.  1,  figs.  35,  36. 

Lqv.  Frilbof  St.  Croix,  Hudson,  etc.,  Wisconsin;  Black  Hills,  South  Dakota. 

Obe.  T}ii«  species  also  occurs  at  Ausable  Chasm  and  Whitehall,  New  York,  and 
nru  there  regarded  as  L.  acuminata.  It  may  be  advisable  to  refer  Owen's 
Bpecies  to  L.  acuminata  (Conrad).  I 

Lingiilepis  prima  Meek  and  Haydeii=rObolella  polita. 

LinguLepia  prima  (Hall).  Upper  GambriaD. 

Llugula   ovata  £mmons,  Geol.   New   York;   Rep.   Second   Dist.,    1842,  p.  105 

(undefined). 
Lingula  prima  (Conrad  MS.)  Hall,  Pal.  New  York,  I,  1847,  p.  3,  pi.  1,  fig.  2.- 

Euiuions,  American  Geology,  Pt.  II,  1855,  p.  202. 
OboIelU  prima  Whitfield,  Bull.  American  Mus.  Nat.  Hist.,  I,  1884,  p.  142,  pi.  14, 

lige.  a-5. 
LingiilepU  minima  Whitfield,  Ibidem,  1884,  p.  141,  pi.  14,  figs.  1,  2. 
Lingul^llaf  prima  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  69. 
Lo4\  Keeseville,  Essex,  etc.,  New  York;  fBlack  Hills,  South  Dakota. 

lingnlepis  primiformis  Whitfield.  Upper  Cambrian. 

Lingii1<jpis  primceformis  Whitfield,  Ludlow's  Rep.  Reconn.  Black  Hills  Sonth 

Dakota,  1875,  p.  103,  pi.  1,  fig.  4. 
Lot\  Block  Hills,  South  Dakota. 

LUf GXTLOBOLUS  Matthew.  Genotype  Lingulella( !)  aflfinis  Billings. 

Liii^nilobolus  Matthew,  Trans.  Royal  Soc.  Canada,  2d  ser.,  I,  1890,  p.  260. 
LiugulobQluR  affinis  (Billings).  Lower  Ordovician. 

LingEihllaf  affinis  Billings,  Canadian  Nat.  Geol.,  n.  ser.,  VI,  1872,  p.  468,  tig. 

I  -—Pal.  Fossils,  IT,  1874,  jf.  67,  fig.  35. 
Lingidf'pis  affinis  Walcott,  American  Jonr.  Sci.,  3d  ser.,  XXXVII,  1889,  p.  381. 
Lingtilobolus  affinis  Matthew,  Trans.  Royal  Soc.  Canada,  2d  ser.,  I.,  1896,  p.  261, 

pi.  1,  fig.4. 
Lof\   Bi^ll  Island,  Newfoundland. 

Lmgulobolas  affinis  cnneata  Matthew.  Lower  Ordovician. 

Liuj^nikibolns  affinis  yar.  cuneata  Matthew,  Trans.  Royal  Soc.  Canada,  2d  ser., 

I,  1^90,  p.  262,  pi.  1,  figs.  4e,  4d. 
Lac,  Great  Bell  Island,  Conception  Bay,  Newfoundland. 

LnraiTLOBISCIHA  Whitfield.  Genotype  Lingula  exilis  Hall. 

Liiigi\I<kdiscina  Whitfield,  BuH.  American   Mus.  Nat.  Hist.,  Ill,  1890,  p.  122, 

llf^H.  1-8. 

ffihlerteUa  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1890,  pp.  133, 168;— Elev- 
etith  Ann.  Rep.  N.  Y.  State  Geologist,  1894,  p.  257. 

IiingnlodiaciiLa(?)  connata  (Walcott).  Lower  Csirboniferous. 

Di*('juJi  coniiJiU  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  214,  pi.  7,  tig. 3. 
Loc.  Eureka  district,  Nevada. 
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LingalodiBcma  ezilii  (Hall).  Marcellus  (Dev.). 

Lingola  exUia  Hall,  Thirteenth  Rep.  N.  Y.  State  Cab.  Nat.  HiHt.,  1860,  p.  77,  fig. 

2;— Pal.  New  York,  IV,  1867,  p.  7,  pi.  1,  flgs.  8, 9. 
Lingaloditicina  exilis  Whitfield,  Bull.  American  Mus.  Nat.  Hist.,  Ill,  1890,  p.  122, 

figs.  1-8. 
Loe,  Schoharie  County,  New  York. 

langnlodiflcina  newberryi  (Hall).  Waverly  (L.  Carb.). 

Diacina  newberrji  Hall,  Sixteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1863,  p.  30;— 

Pal.  New  York,  IV,  1867,  p.  25,  pi.  1,  figs.  10, 11. 
Discina  (Orbiculoidea)  newberryi  Bfeek,  Pal.  Ohio,  II,  1875,  p.  277,  pi.  14,  fig.  1. 
Discina  newberryi  Walcott,  Mon.  U.  8.  Geol.  Survey,  VITI,  1884,  p.  213,  pi.  18, 

fig.  3.— Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  40. 
Orbiculoidea  newberryi  Herrick,  Ball.  Denison  Univ.,  IV,  1888,  p.  12; — (ieol. 

Ohio,  VII,  1895,  pf.  22,  figs.  11, 13. 
(Ehlertella  newberryi  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  132, 

pi.  4F,  fig.  18. 
Loe,  Cuyahoga  Falls,  Akron,  and  Farmington,  Ohio;  Eureka  district,  Nevaila. 
Ob8.  This  species  should  be  compared  with  Orbiouloidea(  f )  capax  (White.) 

Tiingnlodiitcina  pleurites  (Meek).  Waver)y  (L.  Carb.). 

Discina  (Orbiculoidea f)  pleurites  Meek,  Pal.  Ohio,  II,  1875,  p.  278,  pi.  14,  fig.  2. 
Orbiculoidea  pleurites  Herrick,  Bull.  Denison  Univ.,  IV,  1888,  pp.  12, 19,  pi.  3, 

fig.  5;— Geol.  Ohio,  VII,  1895,  pi.  22,  fig.  12. 
(EhlerteUa  pleurites  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  132, 

pi.  4E,  figs.  21-24;  pi.  4F,  flgs.  19,  20. 
Loe,  Newark  and  Gann,  Knox  County,  Ohio. 

LDTOULOPS  Hall.  Oenotype  L.  whitfieldi  Hall. 

Lingulops  Hall,  Notes  on  some  New  or  Imperfectly  Known  Forms  among  the 
Brachiopoda,  1871,  p.  2;— Ibidem,  1872,  p.  2,  pi.  13,  figs.  1, 2;— Twenty-third 
Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1873,  p.  244,  pi.  13,  figs.  1, 2.— Davidsou  and 
King,  Quart.  Jour.  Geol.  Soc.  London,  XXX,  1874,  p.  164.— Hall  and  Clarke, 
Pal.  New  York,  VHI,  Pt.  1, 1892,  pp.  18,  46,  163 ;— Eleventh  Ann.  Rep.  N.  Y. 
State  Geologist,  1894,  p.  233. 

Lingulops  grant!  Hall  and  Clarke.  Niagara  (Sil.). 

Lingulops  granti  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  19, 173, 

pi.  4K,  figs.  14, 15. 
Loe.  Hamilton,  Ontario. 

Lingiilops  norwoodi  (James).  TJtica  (Ord.). 

Lingula  norwoodi  James,  Cincinnati  Quart.  Jour.  Sci.,  II,  1875,  p.  10,  fig.  2j — 

Jour.  Cincinnati  Soc.  Nat.  Hist.,  VI,  1883,  p.  235,  pi.  10,  fig.  1. 
Lingulops  norwoodi  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  19,  pi. 

2,  figs.  24>26. 
Loe,  Covington,  Kentucky. 

Lmgulops  whitfieldi  Hall.  Maqiioketa  (Ord.). 

Lingulops  whitfieldi  Hall,  Notes  on  some  Ne^  or  Imperfectly  Known  Forms 

among  the  Brachiopoda,  1872,  p.  2,  pi.  13,  fig.  12, -—Twenty-third  Rep.  N.  Y. 

State  Cab.  Nat.  Hist.,  1873,  pi.  13,  figs.  1, 2.— Davidson  and  King,  Quart.  Jour. 

Geol.  Soc.  London,  XXX,  1874,  p.  164,  pi.  19,  fig.  9.— Hall  and  Clarke,  Pal. 

New  York,  VIII,  Pt.  1, 1892,  p.  19,  pi.  2,  figs.  27-30. 
Loe.  Near  Lattners,  Dubuque  County,  Iowa. 

imrABSSOVIA  Walcott.  Oenotype  Obolella  transversa  Hartt. 

Linnarssonia  Waloott,  American  Jour.  Sci.,  3d  ser.,  XXIX,  1885,  p.  115;  XXX, 

p.  21.— Matthew,  Trans.  Royal  Soc.  Canada,  III,  1886,  p.  35.— Hall  uud 


Digitized  by  LjOOQIC 


262  SYNOPSIS   OF  AMERICAN    FOSSIL   BRACHIOPODA.        [bull  87. 

UNHAJtSSOinA  Walcott— Continued. 

Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  107,  167 ;— Eleventh  Ann.  Rep. 
N.  Y.  State  Geologist,  1894,  p.  251.— Matthew,  Trans.  Royal  Soc.  Canada,  IX, 
1892,  p.  42. 

Lumarasonia  belt!  Davidson.  Upper  Cambrian. 

Linnarssonia  heiti  f  Matthew,  Trans.  Royal  Soc.  Canada,  IX,  1892,  p.  42,  pi.  12, 

figs.  7a-7c. 
Loc.  Near  St.  John,  New  Brunswick. 

Linnarssonia  misera  (Billings).  Middle  Cambrian. 

Obolellaf  misera  Billings,  Canadian  Nat.  Geol.,  n.  ser.,  VI,  1872-,  p.  470. 
Linnarssonia  misera  Matthew,  Trans.  Royal  Soc.  Canada,  III,  1886,  p.  35,  fig.  12.— 

Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  108,  pi.  8,  figs.  35-37. 
Loc.  Trinity  Bay,  Newfoundland;  St.  Martins,  New  Brunswick. 

Linnarssonia  pretiosa  (Billings).  Upper  Cambrian. 

Obolella  pretiosa  Billings,  Pal.  Fossils,  I,  1862,  p.  68,  fig.  61 ;-— Geol.  Canad.i, 

1863,  p.  230,  fig.  239. 
Obolellaf  pretiosa  Walcott,  Bull.  U.  S.  Geol.  Survey,  30,  1886,  p.  111. 
Linnarssonia  pretiosa  Dawson,  Trans.  Royal  Soc.  Canada,  VII,  1889,  p.  53,  fig. 

26.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  70,  pi.  3,  figs.  43, 44. 
Loo.  Bridge  of  the  Grand  Trunk  Railroad  across  the  Chaudiere  River;  Cape 

Rouge;  Little  Metis;  Sillery  and  Point  Levis,  Canada. 

Linnarssonia  sagittalis  taconica  Walcott.      Lower  and  Middle  Cambrian. 
Linnarssonia  taconica  Walcott,  American  Jour.  Sci.,  3d  ser.,  XXXIV,  1887,  p.  189. 

pi.  1.  fig.  18.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  106. 
Linnarssonia  sagittalis  Walcott,  Proc.  U.  S.  Nat.  Mus.,  XI,  1888,  p.  442. 
Linnarssonia    sagittalis  var.  taconica  Walcott,  American   Jour.  Sci.,  3d  ser., 

XXXVIII,  1889,  p.  36;— Tenth  Ann.  Rep.  U.  S.  Geol.  Survey,  1891,  p.  610,  pL 

68,  fig.  1. 
Loc.  Washington  County,  New  York ;  Mount  Stephan,  British  Columbia. 

Linnarssonia  taconica  Walcott=L.  sagittalis  taconica. 

Linnarsonia  transversa  (Hartt).  Middle  Cambrian. 

Obolella  transversa  Hartt,  Dawson,  Acadian  Geol.,  2ded.,  1868,  p.  644. — Walcott 

Bull.  U.  S.  Geol.  Survey,  10, 1884,  p.  16,  pi.  1,  fig.  5. 
Linnarssonia  transversa  Walcott,  American  Jour.  Sci.,  3d  ser.,  XXIX,  1885,  p. 

116,  figs.  3,  4,  6.— Matthew,  Trans.  Royal  Soc.  Canada,  III,  1886,  p.  35,  pi.  5, 

fig.  11.— Hall  and  Clarke,  Pal.  New  York,  VIIT,  Pt.  I,  1892,  p.  108,  pi.  3,  figs. 

38-42.— Matthew,  Trans.  N.  Y,  Acad.  Sci.,  XIV,  1895,  p.  125,  pi.  5,  figs.  1,  2. 
Loc.  St.  John,  New  Brunswick. 

LISSOPLEURA  Whitfield.        Genotype  Rhynchonella  jequivalvis  Hall. 

Lissoplenra  Whitfield,  Bull.  Am.  Mus.  Nat.  Hist.,  VIII,  1896,  p.  232. 
Lissoplenra  ©qnivalvis  (Hall).  Lower  Helderberg  (Dev.). 

Rhynchonella  sBquivalvis  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p. 

66;— Pal.  New  York,  III,  ia59,  p.  224,  pi.  29,  pp.  2, 3. 
Lissoplenra  a'quivalvis  Whitfield,  Bull.  Am.  Mus.  Nat.  Hist.,  VIII,  1896,  p.  232, 

figs.  1-5. 
Loo.  Helderberg  Mountains,  New  York. 

MAETDTIA  McCoy.  Genotype  Anomites  glabra  Martin. 

Martinia  McCoy,  Carboniferous  Fossils  Ireland,  1844,  p.  128,  fig.  18;  p.  139,  fig. 
132.— King,  Mon.  Permian  Fossils,  Pal.  Soc,  1850,  pp.  81, 134.--Meek  and 
Hay  den,  Pal.  Upper  Missouri,  Smithsonian  Cont.  to  Knowl.,  XIV,  172, 1864,  p. 
19.— Waagen,  Palajontologica  Indica,  Ser.  XIII,  I,  1883,  p.  628.— Herrick, 
Bull.  Denison  Univ.,  IV,  1888,  p.  14.— Hall  and  Clarke,  Pal.  New  York,  \TII, 
Pt.II,1893,pp.9,32,4«.  Dp.izedb.GoOglc 
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Martmia  athyroidM  A.  Wiuchell.  Hamilton  (Dev.). 

Martinia  athyroides  A.  Winchell;  Rep.  Lower  Peninsala  Uiohigan,  1866,  p.  94. 
Loe.  Grand  Trayerse  region,  Michigan. 

Kartiiiia  glabra  (Martin).  Upper  Carboniferous. 

Anomites  glabra  Martin,  Petrefaoia  Derbiensia,  1809,  pi.  48,  figs.  9, 10. 
Spirifera  glabra  Dayidson,  Quart.  Jour.  Geol.  Soc.  London,  XIX,  1868,  p.  170,  pi. 

9,  figs.  9, 10.— Dawson,  Acadian  Geology,  8d  ed.,  1878,  p.  291,  fig.  89. 
Loe.  Europe;  Picton,  Windsor,  etc.,  Nova  Scotia. 

lEartiiiia  glabra  contraota  (Meek  and  Wortben).     Kaskaskia  (L.  Carb.). 

Spirifera  glabra  var.  oontracta  Meek  and  Worthen,  Proc.  Acad.  Nat.  Sci.  Phila- 
delphia, 1861,  p.  143;— Geol.  Survey  Illinois,  II,  1866,  p.  298,  pi.  23,  tig.  5.— 
White,  Wheeler's  £zpl.  Survey  west  100th  Merid.,  IV,  1875,  p.  136,  pi.  10,  fig.  2. 

Spirifera  (Martinia)  contractus  Whitfield,  Annals  N.  Y.  Acad.  Sci.,  V,  1891,  p. 
583,  pi.  13,  figs.  17-19. 

Spirifera  (Martinia)  contracta  Whitfield,  Geol.  Ohio,  VII,  1895,  p.  471,  pi.  i\  figs. 
17-19. 

Loo.  Chester,  Illinois;  Newtonville,  Ohio;  Lincoln  County,  Nevada. 

Kartima  glanscerasi  (White).  Hamilton  (Dev.). 

Spirifera  glanscerasi  White,  Proc.  Boston  Soc.  Nat.  Hist.,  IX,  1862,  p.  24. 
Loe,  Iowa  City,  Iowa. 

][artiiiia(t)  inBolita  A.  Wincbell.  Huron  (Dev.). 

Spirifera?  insolita  A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1862,  p.  406. 
Zoc.  Port  aux  Barques,  Michigan. 

Kartinia  IsBvigata  (Swallow).  Keokuk  (L.  Garb.). 

Spirifera  Iffivigata  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  II,  1863,  p.  86. 
Loc.  Iowa  and  Missouri. 
Ohs.  Regarded  by  Keyes  as  a  synonym  for  Spirifer  logani. 

Kartinia  maia  (Billings).  Gorniferous  (Dev.). 

Athyris  maia  Billings,  Canadian  Jour.  Sci.,  V,  1860,  p.  276,  figs.  33,  34;~Geol. 
Canada,  1863,  p.  373,  fig.  398. 

Athyris f  maia  Nicholson,  Pal.  Prov.  Ontario,  1874,  p.  88. 

Spirifera  maia  Hall,  Pal.  New  York,  IV,  1867,  p.  146,  pi.  63,  figs.  6-13.-^David- 
son,  Suppl.  British  Sil.  Brach.,  Paleontographical  Soc,  1882,  p.  122.— Whit- 
field, Annals  N.  Y.  Acad.  Sci.,  V,  1891,  p.  549,  pi.  11,  fig.  14.— HaU  and  Clarke, 
Pal.  New  York,  VIII,  PI.  II,  1896,  pi.  38,  figs.  5,  6.— Whitfield,  Geol.  Ohio, 
VII,  1895,  p.  444,  pi.  7,  fig.  14. 

Spirifera  (Martinia)  maia  Walcott,  Mon.  IT.  S.  Geol.  Survey,  VIII,  1884,  p.  141, 
pi.  14,  fig.  13  (fpl.  3,  fig.  1). 

Loe.  St.  Marys,  Township  of  Blanchard,  Ontario;  Columbus  and  Delaware,  Ohio; 
Eureka  district,  Nevada. 

ICartinia  meristoides  Meek.  Middle  Devonian. 

Spirifera  (Martinia)  meristoides  Meek,  Trans.  Chicago  Acad.  Sci  ,  I,  1868,  p. 

106,  pi.  14,  fig.  3.— Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  142.— 

Whiteaves,  Cont.  Canadian  Pal.,  I,  1891,  p.  226. 
Loe.  Mackenzie  Biver  Basin,  British  America. 

Martinia  planoconvexa  Meek  and  Hayden=Amboc(Blia  planiconvexa. 

Martinia  sublineata  Meek.  Middle  Devonian. 

Spirifera  (Martinia)  suhlineata  Meek,  Trans.  Chicago  Acad.  Sci.,  I,  1868,  p.  103, 

pi.  14,  fig.  1. 
Loe.  Oreat  Slave  Lake,  British  America. 
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Martiwia  fnbumbona  (Hall).  Hamilton-Portage  (Dev.). 

OrtblB  Babmnbona  Hall,  Tenth  Rep.  N.  T.  SUte  Cab.  Nat.  Hist.,  1857,  p.  168. 
AmboccBliasabumbona  Hall,  TliirteeBth  Rep.  Ibidem,  1860,  p.  71. 
Spirifera  Babambona  Hall,  Pal.  New  York,  IV,  1867,  p.  234,  pi.  33,  figs.  22-30. 
MartlDia  sabambona  Miller,  N.  Amerioan  Geol.  Pal.,  1889,  p.  352. 
Spirifer  subambona  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  18d5,  pi.  29, 

fig.  u. 
Loo.  Shore  of  Lake  Erie,  Tally,  and  McKinneys  Station,  New  York. 
Obi.  Professor  Williams  says  this  species  is  a  synonym  for  AmbocoBlia  gregaria. 

MSEKELLA  White  and  St.  J.    Genotype  Plicatala  striatocostata  Gox. 

Meekella  White  and  St.  John,  Trans.  Chicago  Acad.  Sci.,  1, 1868,  p.  120,  figs.  4-6.— 

Meek,  Final  Bep.  U.  S.  Geol.  Survey  Nebraska,  1872,  p.  175.— Waagen,Pal8Bon- 

tologioa  Indica,  Ser.  XIH,  I,  1884,  p.  576.— Hall  and  Clarke,  Pal.  New  York, 

Vni,  Pt.  1, 1892,  p.  264 ;— Eleventh  Ann.  Rep.  N.  Y.  State  Geologist^  1894,  p.  287. 

KeekeUa  ooddentalis  (Newberry).  Upper  Carboniferoas. 

Streptorhynchns  occidentalls  Newberry,  Ives's  Rep.  Colorado  River  of  the  West, 

1861,  p.  126,  pi.  1,  tig,  6. 
Meekella  occidentalis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  266^ 

pL  IIB,  figs.  18, 19. 
Loo.  Canyon  of  Cascade  River. 
Oh8,  See  Meekella  pyramidalis. 

][eekella(t)  ooddentalis  (Swallow).  Upper  Carboniferoas. 

Orthisina  occidentalis  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  II,  1863,  p.  82. 
Loo.  Caldwell  County,  Missouri. 

Ob$,  If  a  Meekella  it  should  be  compared  with  M.  striaticostata.    Regarded  by 
Keyes  as  a  synonym  for  M.  striaticostata. 

Keekella  pyramidalis  (Newberry).  Upper  OarboniferouR. 

Streptorhynchns  pyramidalis  Newberry,  Ives's  Rep.  Colorado  River  of  the  West, 

1861,  p.  126,  pi.  2,  figs.  11-13. 
Meekella  pyramidalis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I.  1892,  p.  266. 
Loo.  Colorado  River. 
Oh$.  This  species  is  quite  distinct  fh>m  M.  striaticostata  Cox,  with  which  it  has 

been  confounded.    M.  occidentalis  Newberry,  however,  may  prove  to  be 

but  a  large  individual  of  M.  pyramidalis. 

KeekeUa  striatieostata  (Oox).  Upper  Carboniferous. 

Plicatula  striatocostata  Cox,  Owen's  Geol.  Survey  Kentucky,  III,  1857,  ]i.  5^, 

pi.  8,  fig.  7. 
Orthisina  shnmardianus  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  1, 1858,  p.  183. 
Orthisina  missonriensis  Swallow,  Ibidem,  1858,  p.  219.— Meek  and  Hayden,  Proc. 

Acad.  Nat.  Sci.  Philadelphia,  III,  1859,  p.  26. 
Orthisina  shnmardiana  Meek  and  Hayden,  Ibidem,  1859,  p.  26. 
Orthis  striatocosta  Geinitz,  Carbon  und  Dyas  in  Nebraska,  1866,  p.  48,  pi.  3,  figs. 

22-24. 
Meekella  striatocostata  White  and  St.  John,  Trans.  Chicago  Acad.  Sci.,  1, 1868, 

pp.  120, 122,  figs.  4-6.— Meek,  Final  Rep.  U.  S.  Geol.  Survey  Nebraska,  1872, 

p.  175,  pi.  6,  fig.  12.— Meek  and  Worthen,  Geol.  Survey  Illinois,  V,  1873,  p. 

571,  pi.  26,  fig.  21.— White,  Wheeler's  Expl.  Survey  west  100th  Merid.,  IV, 

1875,  p.  26,  pi.  9,  fig.  4.— Kayser,  Richthofen's  China,  IV,  1883,  p.  178,  pi.  23, 

fig.  8.— White,  Thirteenth  Rep.  State  Geol.  Indiana,  1884,  p.  130,  pi.  26,  figs. 

12-14.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  265,  pi.  10,  figs. 

18-28;  pi.  IIB,  figs.  20-22.— Keyes,  Geol.  Survey  Missonrl,  V,  1895,  p.  68, 

pi.  39,  fig.  1. 
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Maekella  ftiiaticoftata  (Ooz) — Gontinned. 

SireptorhynchnB  (Meekella)  striatocofltata  Hall,  Second  Ann.  Bep.  New  York 

State  Geol.,  1883,  pi.  40,  figs.  18-23. 
Loc,  Hopkins  County,  Kentaoky ;  Indiana;  Illinois;  Missouri;  Iowa;  Nebraska; 

New  Mexico;  Nevada;  UtaJi;  fCbina. 
0h9,  See  M.  ocoidentalis  (Swallow). 

1ES0ALAHTEBI8  (Ehlert.  Genotype  Terebratula  archiaci  de  Yerneuil. 
Meganteris  Sness,  Sitz.  der  k.  k.  Akad.  der  Wissenscfa.  zu  Wien,  XVIII,  1855,  p.  51. 
Megalanteris  lEhlert,  Fischer's  Manuel  de  Conchyliologie,  1887,  p.  1319. — Hall 

and  CUrke,  Pal.  New  York,  VIII,  Pt.  II,  1898,  p.  277;— Thirteenth  Ann.  Rep. 

N.  Y.  State  Geologist,  1896,  p.  859. 

Kegalanteiift  wmdoni  (McOhesney).  Oriskany  (Dev.). 

Rensselieria  eondoni  McChesney,  New  Pal.  Fossils,  1861,  p.  85 ; — Trans.  Chicago 
Acad.  Sci.,  I,  1868,  p.  86,  pi.  7,  fig.  2.->Meek  and  Worthen,  Geol.  Surrey 
Illinois,  lU,  1868,  p.  401,  pi.  8,  fig.  4. 

Newberriaf  eondoni  Hall,  Tenth  Ann.  Rep.  N.  Y.  State  Geol.,  1891,  p.  7  of  extract. 

Megalanteris  eondoni  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  280. 

Loe.  West  of  Jonesboro,  Union  County,  Hlinois. 

Megalanteris  ovalis  Hall.  Oriskany  (Dev.). 

Meganteris  ovalisHall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  101. 
Rensseloria  oyalis  HaU,  Pal.  N.  Y.,  Ill,  1859,  p.  458,  pi.  106,  fig.  2.— Billings,  * 

Geol.  Canada,  1863,  p.  962,  fig.  471. 
Megalanteris  ovalis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  280, 

pi.  77,  figs.  12-22. 
Loe,  Albany  and  Schoharie  counties.  New  York. 

Meganteris  seqairadiata  Ha11=Ben8selseria  SBquiradiata. 

Meganteris  cnmberlandisB  Hall=Bensselseria  cumberlandiae. 

Meganteris  elliptica  HallsBensselseria  elliptica. 

Meganteris  elongata  HallssAmphigenia  elongata. 

Meganteris  laBvis  Hall^Meristella  laevis. 

Meganteris  mntabilis  Hall = Rensselaer ia  mntabilis. 

Meganteris  ovalis  Hall = Megalanteris  ovalis. 

Meganteris  ovoides  Hall=Benssel»ria  ovoides. 

Meganteris  snbtrigonalis  Hall=Aniphigeuia  elongata  subtrigonalis. 

Meganteris  snessana  Hall=:Beacliia  suessana. 

Megerlia  dnbitanda  Oooper=:Terebratella(  f )  dubitauda. 

KEBISTA  Sness.  Genotype  Atrypa  lierculea  Barrande. 

Merista  Suess,  Jahrbnch  Kongl.  Kais.  Geol.  Reichs.,  II,  1851,  pp.  150, 160.->Hall, 
Thirteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1860,  p.  73;— Twentieth  Rep. 
N.  Y.  State  Cab.  Nat.  HUt.,  1867,  p.  258.— Dall,  Boll.  U.  S.  Nat.  Mus.,  8, 1877, 
p.  47.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  70,  fig.  54;— 
Thirteenth  Ann.  Rep.  N.  Y.  State  6eologist,  1895,  p.  771. 

Camarinm  Hall,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1859,  p.  42;— Pal.  New 
York,  m,  1859,  p.  486;— Fifteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1862, 
p.  176. 

Merista  arcuata  Hall=Meri8tella  arcnata. 
Merista  bella  Hall=Meristel]a  bella. 
Merista  bisalcata  Halls  Wbitfieldella  bisulcata. 
Merista  crassirostra  Hall=W1iitfieldella  cylindrica. 
Merista  cylindrica  Hall=Whitdeldella  cylindrica. 
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Merista  elongata  (Hall).  Lower  Helderberg  (Dev.)- 

(::iumrii]m  elongatum  Hall,  Pal.  New  York,  III,  1859,  p.  488,  pi.  95A,  fig.  4. 

hoc.  Cumberland,  Maryland. 

0/jj.  Probably  only  a  variety  of  M.  typa. 

Merlsta  hoaghtoni  Wincliell=Meristella  lioughtoni. 

Merista  I^Bvis  Hall =Meri Stella  laevis. 

M£>.rlst4]  lata  Hall=Meristella  lata. 

Meikta  lens  Hall=Meri&tella  lens. 

Merista  Hieeki  Hall=Meristella  meeki. 

Merista  jirinceps  Hall=Meristella  princeps. 

Meristii  subquadrata  Hall=Meristella  subquadrata. 

HerlBta  tennesaeeiiais  Hall  and  Clarke.  Lower  Helderberg  (Dev.). 

^feriRtrL  iennesseensis  Hall  and  Clarke,  Pal.  New  York,  YIII,  Pt.  II,  1895,  pp.  71, 

34ir>,  pi.  42,  fig8.  1-6. 
Lt>c.  Perry  County,  Tennessee. 

Merista  typos  Hall.  Lower  Helderberg  (Dev.). 

Cuiiiaiium  typum  Hall,  Pal.  New  York,  III,  1859,  p.  487,  pi.  95A,  figs.  2»,  3, 5, 6. 
M«rii^ta  typnm  Hall,  Thirteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1860,  p.  93, 

\\g%.  10-13. 
Muriata  typa  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi.  42,  figs.  7-12, 
Loc.  Cumberland,  Maryland. 

HEBISTELLA  Hall,  1860.  Genotype  Merista  arcaata  Hall. 

f  Merisstella  Hall,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hi§t.,  1859,  p.  78. 

Merjstella  Hall,  Thirteenth  liep.  Ibidem,  1860,  pp.  74, 93 ;->Sixteenth  Rep.  Ibidem, 
18B3,p.  50,  figs.  27-34;— Trans.  Albany  Institute,  IV,  1863,  p.  139;— American 
Jour.  Sci.,  2d  scr.,  XXXV,  1863,  p.  396;  XXXVI,  p.  11;— Twentieth  Rep.  N.  Y. 
Stute  Cab.  Nat.  Hist.,  1867,  pp.  155, 258 ;— Pal.  New  York,  IV,  1867,  p.  295.- 
Nottulroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  (}eol.  Sarvey,  1889,  p. 
97„-Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  73,  figs.  55,56;- 
Thirteenth  Ann.  Rep.  N.  Y.  State  Geologist,  1895,  p.  773. 

AtbyriH  lUllings,  Proc.  Portland  Soc.  Nat.  Hist.,  1863,  p.  115. 

Memtella  arcaata  Hall.  Lower  Helderberg  (Dev.). 

Meriutifc  jircuata  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  95,  tigs. 

l-^i :— Pal.  New  York,  III,  1859,  p.  249,  pi.  41,  fig.  1  (?2). 
MerUtolla  arcuata  Hall,  Ibidem,  IV,  1867,  p.  298,  figs.  1,  2.— Hall  and  Clarke, 

Ibidem,  VIII,  Pt.  II,  1895,  pi.  43,  figs.  1,  2;  pi  44,  fig.  5. 
Log.  a  Lbany  and  Schoharie  counties.  New  York ;  St.  Blandine,  New  Brunswick. 

Heristella  barriBi  Hall.  Marcellus-Hamilton  (Dev.). 

MerUl.lla  barrisi  Hall,  Thirteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1860,  p. 
M ;— Pal.  New  York,  IV,  1867,  p.  304,  pi.  49,  figs.  5-22.— fTscherDyscbew, 
M<-iiioire8  du  Comit<S  G^ologique  de  St.  P^tersbourg,  HI,  3,  1887,  p.  55,  pi.  9, 
figa.  12, 15;  pi.  13,  figs.  1,  2.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II, 
18^5.  pi.  43,  tigs.  25,  26;  pi.  44,  figs.  27-30. 

L&€.  York  and  Leroy,  New  York;  Urals  of  Russia. 

Meriitella  bella  (Hall).  Lower  Helderberg  (Dev.). 

Morii^f  .^  Ijella  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  92,  figs,  1-7;- 

Pal,  New  York,  III,  1859,  p.  248,  pi.  40,  fig.  1. 
MeHflt^lla  bella  Whitfield,  Annals  N.  Y.  Acad.  Sci.,  V,  1891,  p.  510,  pi.  5,  figs. 

8-10-— HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi.  43,  figs.  7-9: 

pi.  44,  figs.  1-3.— Whitfield,  Geol.  Ohio,  VII,  1895,  p.  412,  pi.  1,  figs.  8-10. 
Lm.  Albany  and  Schoharie  counties.  New  York;  Greenfield,  Ohio;  Lake  Temi'* 

cpuitta,  New  Brunswick. 


Digitized  by  VjOOQ IC 


scHucmtBT.]  INDEX   AKD   BIBLIOGRAPHY.  267 

][eiistella(t)  blancha  (Billings).  Lower  Helderberg  (Dev.). 

Athyris  blancha  Billings,  Proc.  Portland  Soc.  Nat.  Hist.,  1863,  p.  115,  pi.  3,  fig.  13. 
MeriBtina  (t)  blancha  Hall  and  Clarke,  Pal.  New  York,  YIII,  Pt.  II,  1893,  p.  68, 

pi.  41,  figs.  22,  23. 
Loc.  Square  Lake,  Maine. 
Obs.  Compare  with  Meristella  arcnata. 

KeristeUa  cliuda  (Billings).  Gomiferous  (Dev.). 

Athjnst  clasia  Billings,  Canadian  Jour.  Sci.,  V,  1860,  p.  279. 
Loc,  Caynga,  Ontario. 

KerifteUa  doiis  Hall.  Upper  Helderberg  (Dev.). 

MeristelU  doris  Hall,  Thirteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1860,  p.ai  ;- 

Pal.  New  York,  IV,  1867,  p.  303,  pi.  50,  figs.  1-12.— Hall  and  Clarke,  Pal.  New 

York^  VIII,  Pt.  II,  1895,  pi.  43,  figs.  21,  22. 
CharioneUa  doris  Billings,  Geol.  Canada,  1863,  p.  374,  figs.400£,  401a,  b. 
Loc.  Schoharie  and  Williamsyille,  New  York;  Caynga,  Ontario. 

Meristella  elissa  Hall=Meristella  nasuta. 

KeriitoUa  haddnn  Hall.  Hamilton  (Dev.). 

Meristella  haskinsi  Hall,  Thirteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1860,  p. 
84;— Pal.  New  York,  IV,  1867,  p.  306,  pi.  49,  figs.  23-35.— Hall  and  Clarke, 
Ibidem,  VIII,  Pt.  II,  1896,  pi.  43,  figs.  23, 24 ;  pi.  44,  fig.  31. 

Loe.  Seneca  Lake,  York,  Moscow,  etc..  New  York;  Thedford,  Ontario. 

Keristella  (t)  honghtoni  (A.  Winchell).  Huron  (Dev.). 

Merista  honghtoni  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1862,  p.  407. 
Meristella  ( f )  houghtoni  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  78. 
Loe.  Port  anx  Barqnes,  Michigan. 

Kerutella  (t)  incerta  Simpson.  Waverly  (L.  Garb.). 

MeristeUa  incerta  Simpson,  Trans.  American  Philosophical  Soc,  u.  ser.,  XVi, 

1889,  p.  442,  fig.  7. 
Loe.  Warren,  Pennsylyania. 
Oh».  Based  npon  a  crushed  and  broken  specimen. 

Meriftella  IsbvIb  ( Yanuxem).  Lower  Helderberg  (Dev.). 

Atrypa  Isdvis  Vanuxem,  Qeol.  New  York ;  Rep.  Third  Dist.,  1842,  p.  120,  fig.  2.— 

Rogers,  Geol.  Pennsylvania,  II,  Pt.  II,  1858,  p.  825,  fig.  642. 
Merista  IsBvis  HaU,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  94,  figs. 

1-6;— Pal.  New  York,  III,  1859,  p.  247,  pi.  39,  figs.  3, 4.— Meek  and  Worthen, 

Geol.  Surrey  lUinois,  III,  1868,  p.  376,  pi.  7,  fig.  8. 
Meristella  Invis  Whitfield,  Annals  N.  Y.  Acad.  Sci.,  V,  1891,  p.  510,  pi.  5,  figs. 

6,7.— HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi.  43,  figs.  3-^; 

pi.  44,  fig.  4.— Whitfield,  Geol.  Ohio,  VII.  1895,  p.  411,  pi.  1,  figs.  6, 7. 
Loc.  Albany  and  Schoharie  counties.  New  York ;  Greenfield,  Ohio ;  Perry  County, 

Missouri ;  Pennsylyania ;  Square  Lake,  Maine ;  St.  Blandine,  New  Brunswick. 

Meristella  (t)  Isevis  (Hall).  Lower  Helderberg  (Dev.). 

Meganteris  l»yis  HaU  (non  Vanuxem),  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist., 

1857,  p.  99. 
RensselsBria  laeyis  HaU,  Pal.  New  York,  III,  1859,  p.  256,  pi.  40,  fig.  2. 
Loe.  Albany  County,  New  York. 

MedsteUa  lata  Hall.  Oriskany  (Dev.). 

Merista  lata  Hall,  Pal.  New  York,  III,  1859,  p.  431,  pi.  101,  fig.  3. 
MeristeUa  lata  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  78,  pi.  44, 

fig.  12. 
Loe.  Albany  and  Schoharie  conntioH,  New  York ;  Cayuga,  Ontario. 
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Keristella  lens  (A.  Winchell).  Hamilton  (Dev.). 

Merista  lens  A.  Winchell,  Rep.  Lower  Peninsula  Michigan,  1866,  p.  94. 
Meristellalens  Hall  and  Clarke,  Pal.  New  York.  VIII,  Pt.  II,  1893,  p.  78. 
Loo,  Grand  Traverse  region,  Michigan. 

Keristella  lenta  Hall.  Oriskany  (Dev.). 

Meristella  lenta  Hall,  Pal.  New  York,  IV,  1867,  p.  420,  pi.  63,  figs.  19-22. -Hall 

and  Clarke,  Ibidem,  VIII,  Pt.  II,  1895,  pi.  44,  tigs.  15-18. 
JLoc.  Caynga,  Ontario. 

Meristella  maria  Hall=MeristiDa  maria. 

KeriBtella  meeki  Hall.  Lower  Helderberg  (Dev.). 

Merista  meeki  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist ,  1857,  p.  97;— Pitl. 

New  York,  III,  1859,  p.  252,  pi.  44,  fig.  6. 
Camarium  meeki  Hall,  Ibidem,  III,  1859,  p.  486. 

Meristella  meeki  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p:  78. 
Loo.  Perry  Connty,  Tennessee. 

Keristella  meta  Hall.  Hamilton  (Dev.). 

Meristella  meta  Hall,  Pal.  New  York,  IV,  1867,  p.  308,  pi.  49,  figs.  1-4.— Hall  and 

Clarke,  Ibidem,  VIII,  Pt.  II,  1895,  pi.  43,  figs.  29,  30. 
Loo.  Delphi,  New  York. 

Keristella  nasnta  (Gonrad).  Upper  Helderberg  (Dev.). 

Atrypa  nasnta  Courad,  Joar.  Acad.  Nat.  Sci.  Philadelphia,  VIII,  1842,  p.  265. 

Terebratula  valenciennii  Castelnan,  Ensai  Syst.  Sil.  TAm^rique  Septentrionale, 
1843,  p.  39,  pi.  13,  fig.  6. 

Meristella  nasnta  Hall,  Thirteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1860,  p.  93, 
figs.  8,  9;— Hfteenth  Rep.  Ibidem,  1862,  p.  160,  figs.  17-22  on  p.  161;— Pal. 
New  York,  IV,  1867,  p.  299,  pi.  48,  figs.  1-25.— Nettelroth,  Kentucky  FossU 
Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  98,  pi.  15,  figs.  2-8.— Hall  and 
Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi.  43,  figs.  18-20;  pi.  44,  figs.  13, 
14,  19-26. 

Athyris  clara  Billings,  Canadian  Jour.  Sci.,  V,  1860,  p.  274,  figs.  29-32;— Geol. 
Canada,  1863,  p.  373,  fig.  397 ;— Canadian  Nat.  Geol.,  n.ser..  VII,  1874,  p.  240. 

Meristella  elissa  Hall,  Fourteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1861,  p.  100;- 
Fifteenth  Rep.  Ibidem,  1862,  pi.  3,  figs.  21,  22. 

Athyris  uasuta  Nicholson,  Pal.  Pro  v.  Ontario,  1874,  p  86. 

Meristella  (Whitfieldia)  nasuta  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p. 
148,  pi.  3,  fig.  8. 

Loo,  Schoharie,  Clarence, WilliamsviUe,  etc..  New  York ;  Cayuga,  Ontario;  Colum- 
bus and  Dublin,  Ohio;  Falls  of  Ohio;  Lone  Mountain,  Nevada. 
Meristella  nucleolata  Whitfield =Whitfieldella  nackolata. 

Keristella  princeps  Hall.  Lower  Helderberg  (Dev.). 

Merista  princeps  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  95,  figs. 

1-5;— Pal.  New  York,  III,  1859,  p.  251,  pi.  44,  figs  1-5. 
Camarium  princeps  Hall,  Ibidem,  III,  1859,  p.  486. 
Meristella  princeps  Hall,  Thirteenth  Kep.  N.  Y.  State  Cab.  Nat.  Hist.,  1860,  p. 

93,  figs.  5-7.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi.  43,  fig«. 

10-13. 
Loo,  Carlisle  and  Schoharie,  New  York ;  St.  Blandine,  New  Brunswick. 

Meristella  rectirostra  Hall=Mer]stii]a  rectirostris. 

KeriflteUa  riskowskyi  A.  Ulrich.  Middle  DevoniaD. 

Meristella  riskowskyi  A.  Ulrich,  N.  Jahrb.  f.  Mineral.,  Beilageband,  VIII,  1892, 
p.  64,  pi.  4,  figs.  16-18. 

Loc.  Chahuarani  and  near  Ocoui,  Bolivia. 
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Keiiftella  rostrata  Hall.  Hamilton  (Dev.). 

Atrypa  rostnita  Hali^Geol.  New  York;  Rep.  Fourth  Diet.,  1843,  p.  202,  fig.  2. 
Athyrisf  rostrata  Billings,  Canaclian  Jonr.  Sci.,  V,  1860,  p.  281,  figs.  48,  44. 
Cbarionella  rostrata  BilUngB,  Geol.  Canada,  1863,  p.  885,  fig.  420. 
Meristella  rostrata  Hall,  Pal.  New  York,  IV,  1867,  p.  307,  pi.  50,  figs.  13-17.— 

HaU  and  Clarke,  Ibidem,  Vol.  VIII,  Pt.  II,  1895,  pi.  43,  figs.  27,  28. 
Loe.  Eighteen  Mile  Creek,  etc..  New  York;  Bosanqnet,  Ontario. 

Keristella  Bnbqnadrata  Hall.  Lower  Helderberg  (Dev.) 

Merista  subquadrata  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  93;— 

Pal.  New  York,  III,  1859,  p.  249,  pi.  40,  fig.  3. 
Meristella  subqnadrata  Hall  and  Clarke,  Ibidem,  VIII,  Pt.  II,  1893,  p.  78,  pi.  43, 

figs.  14, 15. 
Loc.  Schoharie  and  Carlisle,  New  York. 

Meristella  uuisulcata  Hall^Pentagonia  unisulcata. 

Meristella  unisulcata  biplicata  HallsPentagonia  unisulcata  biplicata. 

Meristella  unisulcatauniplicata  HaIl=Pentagonia  unisulcata  uniplicata. 

Keristella  waleotti  Hall  and  Clarke.  Oriskany  (Dev.). 

Meristella  waleotti  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pp.  77, 

365,  figs.  55,  56,  pi.  43,  figs.  16,  17;  pi.  44,  figs.  6-11,  23,  32. 
Loc.  Caynga,  Ontario. 

MSBI8TIHA  Hall.  Oenotjpe  Meristella  maria  Hall. 

Meristina  Hall,  Twentieth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1867,  p.  157;— Pal. 

.  New  York,  IV,  1867,  p.  299.— Nettelroth  (partim), Kentucky  Fossil  Shells,  Mem. 

Kentucky  Geol.  Survey,  1889,  p.  101.— Hall  and  Clarke,  Pal.  New  York,  VIII, 

Pt.  II,  1893,  p.  65;— Thirteenth  Ann.  Rep.  N.  Y.  State  Geologist,  1895,  p.  770. 

Whitfieldia  Davidson,  Supplement  British  Sil.  Brach.,  Paleontographioal  Soc., 
1882,  p.  107.— Beecher  and  Clarke,  Mem.  New  York  State  Mus.,  I,  1889,  p.  73. 

Meristina  maria  Hall.  Niagara  (Sil.). 

Athyris  tumida  Roemer,  Sil.  Fauna  west.  Tennessee,  1860,  p.  70,  pi.  5,  fig.  12. 
Meristella  maria  Hall,  Trans.  Albany  Institute,  IV,  1863,  p.  212.— Hall  and  Whit- 
field, Twenty-fourth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1872,  p.  196. 
Meristina  maria  Hall^  Twentieth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1867,  p.  157;— 

Pal.  New  York,  IV,  1867,  p.  299.— Hall  and  Whitfield,  Pal.  Ohio,  II,  1875,  p. 

132,  pi.  7,  figs.  5,  6.— Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky 

Geol.  Survey,  1889,  p.  101,  pi.  29,  figs.  7-10.— Hall  and  Clarke,  Pal.  New 

York,  VIII,  Pt.  II,  1893,  p.  67,  pi.  41,  figs.  1-17. 
Meristella  tumida  Etheridge,  Quart.  Jour.  G^l.  Soc.  London,  XXXIV,  1878, 

p.  597. 
Meristella  (Meristina)  maria  Hall,  Twenty-eighth  Rep.  N.  Y.  State  Mus.  Nat. 

Hist.,  1879,  p.  159,  pi.  25,  figs.  8-12 ;— Eleventh  Rep.  State  Geol.  Indiana, 

1882,  p.  299,  pi.  25,  figs.  8-12. 
Whitfieldia  maria  Beecher  and  Clarke,  Mem.  N.  Y.  State  Mus.,  1, 1889,  p.  73,  pi.  7, 

figs.  1-3. 
Loc.  Waldron,  Indiana;  Springfield,  Ohio;  Louisville,  Kentucky;  Perry  County, 

Tennessee;  Bridgeport,  Illinois;  Racine,  Wisconsin;  Bessels  Bay,  81^  6^ 
0b8.  This  species  is  not  identical  with  M.  tumida  Dalman. 

Meristina  uitida  Hall=:Wbitfieldella  nitida. 

Meristina  rectirortrifl  Hall.  Niagara  (Sil.). 

Meristella  rectirostra  Hall,  Descriptions  n.  sp.  Fossils  from  Waldron,  Indiana, 

1879,  p.  15;— Eleventh  Rep.  State  Geol.  Indiana,  1882,  p.  301,  pi.  27,  figs.  10- 

14; — Trans.  Albany  Institute,  X,  1883,  p.  71. — Beecher  and  Clarke,  Mem. 

N.  Y.  State  Mus.,  I,  1889,  p.  67,  pi.  7,  figs.  4, 5, 11-13. 
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Keiutina  reetiroftriB  Hall — Continaed. 

MeriBtina  rectirostra  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  68, 

figs.  52, 53,  pi.  41,  figs.  18-21. 
Loc.  Waldron,  Indiana. 

Keristina  trinnnata  (McGhesney).  Niagara  (Sil.). 

Pentameras  trisinnatna  McCheHney,  Descriptions  New  Pal.  Fossils,  1861,  p.  86. 
Athyrisf  trisinaatns  MoChesney,  Trans.  Chicago  Acad.  Set.,  I,  1868,  p.  33,  pi.  8, 

fig.  2. 
Loc.  Milwaukee,  Wisconsin. 
Oha.  Probably  synonymoas  with  Meristina  maria. 

METAPLASIA  Hall  and  Clarke.  Genotype  Spirifer  pyxidata  Hall. 

Metaplasia  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  56;— Thirteenth 
Ann.  Rep.  N.  Y.  State  Geologist,  1895,  p.  762. 

Ketaplaaia  disparilis  (Hall).  Comiferous  (Dey.). 

Spirifer  disparilis  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  134. 
Spirifera  disparilis  Hall,  Pal.  New  York,  IV,  1867.  p.  204,  pi.  30,  figs.  10-15. 
Metaplasia  pyxidata  Hall  and  Clarke,  Ibidem,  VIII,  Pt.  II,  1895,  pi.  39,  figs. 

19-22. 
Loc,  WilliamsTille  and  Clarence  Hollow,  New  York. 

Ketaplaaia  pyxidata  Hall.  Oriskany  (Dev.). 

Spirifer  pyxidata  Hall,  Pal.  New  York,  III,  1859,  p.  428,  pi.  100,  figs.  9-12. 
Metaplasia  pyxidata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  56. 
Loc,  Albany   and    Schoharie    counties,    New    York;  Cumberland,   Maryland; 
Cayuga,  Ontario. 

Micromitra  Meek=Iphidea. 

MIinJLUS  Barrande.  Geiiotyi)e  M.  perversus  Barrande. 

Mimulns  Barrande,  Systems  Silnrien  du  Centre  de  la  Boh^me,  V,  1879,  p.  109. — 
Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  272 ;— Eleyenth  Ann. 
Rep.  N.  Y.  State  Geologist,  1894,  p.  289. 

Mimnlus  waldroneiuds  (Miller  and  Dyer).  Niagara  (SiL). 

Spirifera  (Y)  waldronensis  Miller  and  Dyer,  Jour.  Cincinnati  Soc.  Nat.  Hist., 

I,  1878,  p.  37,  pi.  2,  fig.  3. 
Triplesia  pntlllus  Hall,  Descriptions  n.  sp.  Fossils  Waldron,  Indiana,  1879,  p.  16; — 

Eleyenth  Rep.  State  Geol.  Indiana,  1882,  p.  298,  pi.  27,  figs.  19-22;— Trans. 

Albany  Institute,  X,  1883,  p.  72. 
Streptis  waldronensis  Beecher  and  Clarke,  Mem.  New  York  State  Mas.,  I,  1889, 

p.  30,  pi.  3,  figs.  9,  10. 
MimuluH  waldronensis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  273, 

pi.  lie,  figs.  23-28. 
Loc.  Waldron,  Indiana. 

KOirOMORELLA  Billings.  Genotype  M.  prisca  Billing. 

Monomorella  Billings,  Canadian  Nat.  Geol.,  n.  ser.,  VI,  1871,  p.  220; — American 
Jour.  Sci.,  3d  ser.,  Ill,  1872,  p.  358. — Davidson  and  King,  Quart.  Jonr.  Geol. 
Soc.  London,  XXX,  1874,  p.  155.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt. 
I,  1892,  ))p.  40,  46;— Eleyenth  Ann.  Rep.  N.  Y.  State  Geologist,  1894,  p.  238. 

Monomorella  egani  Hall  and  Clarke.  Niagara  (SiL). 

Monomorella  egani  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  42, 

175,  pi.  4C,  fig.  16. 
Loc.  Near  Grafton,  Wisconsin. 
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MoDomorella  greenei  Hall  aod  Clarke.  Niagara  (Sil.)- 

Monomorella  greenii  Hall  and  Clarke,  Pal.  New  York,  VIII,  Ft.  I,  1892,  pp.  42. 

174,  pi.  4D,  figs.  5-10. 
Loc.  Near  Grafton,  Wisconsin ;  Risingsnn^  Ohio. 

Monomorella  kingi  Hall  and  Clarke.  Niagara  (Sil.). 

Monomorella  kingi  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  pp.  42, 

174,  pi.  4D,  figs.  1,  2. 

Loc.  Near  Cedarbnrg,  Wisoonsin ;  Hawthorne,  Illinois. 

Monomoiella  newberryi  Hall  and  Whitfield.  Niagara  (Sil.). 

Monomorella  newberryi  Hall  and  Whitfield,  Pal.  Ohio,  II,  1875,  p.  131,  pi.  7,  figs. 

1,  2.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  4C,  figs.  1,  2. 
Loc.  Genoa,  Ohio. 

MonoiiiGrella  orbicularis  Billings.  Ouelpli  (Sil.). 

Monomorella  orbioolarls  Billings,  Canadian  Nat.  GeoL,  n.  ser.,  VI,  1871,  p.  221  ;— 

American  Jour.  Sci.,  3d  ser.,  Ill,  1872,  p.  359. — Davidson  and  King,  Quart. 

Jonr.  Geol.  Soc.  London,  XXX,  1874,  p.  158,  pi.  17,  fig.  10. 
Monomorella  onf.  orbioolaris  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892, 

pi.  4C,  figs.  3-5. 
Loc.  Hespelar,  Ontario ;  near  Grafton,  Wisconsin. 

Monomorella  ortoni  Hall  and  Clarke.  Niagara  (Sil.). 

Monomorella  ortoni  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  42, 

175,  pi.  4C,  figs.  14,  16. 

Loe.  Risingsnn,  Wood  County,  Ohio. 

Monomorella  ovata  Whiteaves.  Gnelph  (Sil.). 

Monomorella  ovata  Whiteaves,  Pal.  Fossils,  III,  1884,  p.  5,  pi.  2,  fig.  1 ;  pi.  8, 

fig.  1.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  42,  pi.  4D,  figs. 

ia-15. 
Loc.  Durham,  Ontario. 

Monomorella  ovata  lata  Whiteaves.  Ouelph  (Sil.). 

Monomorella  ovata  var.  lata  Whiteaves,  Pal.  Fossils,  III,  1884,  p.  6,  pi.  2,  fig. 

2 ;  pL  8,  fig.  2.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  4,  figs. 

11,12;  pi.  4C;  figs.  17,  18. 
Loo.  Durham,  Ontario;  Hawthorne,  Illinois. 

Monomorella  priaoa  Billings.  Guelph  (Sil.). 

Monomorella  prisca  Billings,  Canadian  Nat.  Geol,  n.  ser.,  VI,  1871,  p.  221 ;— Amer- 
ican Jour.  Sci.,  3d  ser.,  Ill,  1872,  p.  359.— Davidson  and  King,  Quart.  Jonr. 
Geol.  Soc.  London,  XXX,  1874,  p.  156,  pi.  17,  figs.  5-8.— Nicholson,  Pal.  Prov. 
Ontario,  1875,  p.  68,  fig.  38.— HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I, 
1892,  pi.  4C,  figs.  6-13. 

Loc.  Hespelar  and  Elora,  Ontario;  Risingsnn,  Wood  County,  (3hio;  Hawthorne, 
Port  Byron,  and  Cicero,  Illinois. 

HEWBEBBTA  Hall.  Genotype  Benssela3ria?  johanni  Hall. 

Rensselandia  Hall,  Pal.  New  York,  IV,  1867,  p.  385. 

Newberria  Hall,  Cont.  Canadian  Pal.,  I,  1891,  p.  236;~Tenth  Ann.  Rep.  N.  Y. 
State  Geol.,  1891,  p.  91  (extract,  p.  4).— Hall  and  Clarke,  Pal.  New  York,  VIII, 
Pt.  II,  1893,  p.  261;— Thirteenth  Ann.  Rep.  N.  Y.  State  Geologist,  1895,  p.  851. 

Ob9.  It  is  unfortunate  that  Rensselferia  johanni  is  the  type  for  two  generic 
names.  Adhering  strictly  to  the  rules  of  nomenclature  Rensselandia  will 
take  precedence  over  Newberrya.  The  first  term  is,  however,  improperly 
constructed  and  is  without  meaning. 
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Hewberrya  olaypolei  Hall.  Hamilton  (Dev.). 

Rensselnria  marylandicaf  Claypole,  Proc.  American  Phil.  Soc.,  1883,  p.  285. 
Newberria  claypolii  Hail,  Tenth  Ann.  Rep.  N.  Y.  SUte  OeoL,  1891,  p.  9,  extract, 

pi.  5,  figs.  1-9.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  11,  1883,  p.  263, 

pi.  78,  figs.  1-9. 
Loc,  Perry  Connty,  Pennsylvania. 

Newberria  f  condoni  McOhesney^Megalanteris  condoni. 

Hewberrya  johannis  Hall.  Middle  Devonian. 

Rensselferiaf  Johanni  Hall,  Pal.  New  York,  IV,  1867,  p.  385,  pi.  58A,  figs.  ^20. 
Rensselandia  Johanni  Hall,  Ibidem,  1867,  at  end  of  description. 
Newberria  Johanni  Hall,  Cont.  Canadian  Pal.,  I.  1891,  p.  237. 
Newberria  Johannis  Hall,  Tenth  Ann.  Rep.  N.  Y.  State  Oeol.,  1891,  p.  8,  extract, 

pi.  6,  figs.  1-11.— HaU  and  Clarke,  Pal.  New  York.  VIII,  Pt.  II,  1893,  p.  262, 

pi.  78,  figs.  10-16. 
Loo,  Waterloo,  Iowa. 

Hewberrya  IsbyIi  (Meek).  Middle  Devonian. 

Rensselffiria  Isevis  Meek,  Trans.  Chicago  Acad.  Sci.,  I,  1868,  p.  108,  pi.  13,  fig.  8; 

pi.  14,  fig.  4. 
Newberria  IsbtIb  Hall,  Cont.  Canadian  Pal.,  1, 1891,  p.  237,  pi.  30,  figs.  3, 4. 
Newberria  Isevis  HaU,  Tenth  Ann.  Rep.  N.  Y.  State  Oeol.,  1891,  p.  7,  extract,  pi. 

6,  figs.  12-15.— HaU  and  Clarke,  Pal.  New  York,  VIH,  Pt.  II,  1893,  p.  264, 

pi.  78,  figs.  17-20. 
Loo.  Mackenzie,  Onion,  and  Lockhart  rivers,  Canada. 

Hewberrya  miflsourienfis  Swallow.  Hamilton  (Dev.). 

Newberria  missoiiriensis  (SwaUow  MS.)  HaU,  Tenth  Ann.  Rep.  N.  Y.  State  Geol., 

1891,  p.  9,  extract,  pi.  5,  figs.  10-12.— Hall  and  Clarke,  Pal.  New  York,  VIU, 

Pt.  II,  1893,  p.  263,  pi.  78,  figs.  21-23. 
Loo,  Moniteau  Connty,  Missoari. 

H0T0THYBI8  Waagen.      Genotype  Terebratnla  subvesicalaris  David. 

Notothyris  Waagen,  Palseontologica  Indioa,  Ser.  XIII,  I,  1882,  p.  375.— HaU  and 
Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  274 ;— Thirteenth  Ann.  Rep. 
N.  Y.  State  Geologist,  1895,  p.  857. 

Hotothyrifl  (t)  smithii  Derby.  Middle  Devonian. 

Notothyris  ( t)  smithli  Derby,  Arohivos  do  Mnsen  Nacional  do  Rio  De  Janeiro, 
IX,  1890,  p.  81.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.267, 
275. 
Loc,  Head  of  the  Paraguay  in  Matto-Grosso,  BrazU. 

HirCLEOSPIEA  Hall.  Genotype  Spirifer  ventricosa  Hall. 

Nucleospira  Hall,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1859,  p.  24;— Pal. 
New  York,  III,  1859,  p.  219;— Ibidem,  IV,  1867,  p.  278.— Nettelroth,  Kentacky 
Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  103.— Hall  and  Clarke, 
Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  142 ;— Thirteenth  Ann.  Rep.  N.  Y.  State 
Geologist,  1895,  p.  806. 

Hnoleospira  bairifi  White.  Kinderhook  (L.  Garb.). 

Nucleospira  barrisi  White,  Jour.  Boston  Soo.  Nat.  Hist.,  VIII,  1860,  p.  227. 
Loc,  Burlington,  Iowa. 

Hnoleospira  ooncentrioa  Hall.  Lower  Helderberg  (Dev.). 

Nucleospira  concentrica  Hall,  Pal.  New  York,  III,  1859,  p.  223,  pi.  28B,  figs.  15- 

19.— Hall  and  Clarke,  Ibidem,  VIII,  Pt.  II,  1895,  pi.  48,  fig.  7. 
Loo,  Decatur  County,  Tennessee. 
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Vudeospira  ooncinna  Hall.  Goniiferoas-Hauiiltou  (Dev.). 

.  Atrypa  concinna  Hall,  Geol.  N.  Y.;  Rep.  Fourth  Diet.,  1^43,  p.  200,  fig.  3. 

Nucleoapira  coucinna  Hall,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hiat.,  1859,  pp. 
25, 26;— Pal.  New  York,  IV,  1867,  p.  279,  pi.  45,  tigs.  33^7.— Davidson,  Sappl. 
British  Silariun  Brach.,  Palai^oiitographical  Society,  1882,  p.  121.— Walcott, 
Mod.  U.  S.  Geo!.  Snrvey,  VIII,  1881,  p.  147.— Nettelroth,  Kentucky  FoMtl 
Shells,  Mem.  Kentucky  (ieo\.  Survey,  1889,  p.  103,  pi.  32,  figs.  1^.— Hall  and 
Clarke,  Pal.  New  York,  VIII,  Pt.  U,  1893,  p.  145,  fig.  131;  pi.  48,  figs.  12-17, 
19-34;pl.  84,  fig.  38. 

Loe.  Moscow,  Darien,  etc..  New  York;  Monroe  County,  Pennsylvania;  Thed- 
ford,  Ontario;  Hardy  County,  Virginia;  Columbus,  Ohio;  Falls  of  Ohio; 
Lone  Mountain,  Nevada. 

Vndeospira  elegaiu  Hall,     f  Niagara  and  L.  Helderberg  (Sil.  and  Dev.). 

Nudeospira  slogans  Hall,  Pal.  New  York,  III,  1859,  p.  222,  pi.  28B,  figs.  10-15.— 
Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p. 
104.— Hall  and  Clarke,  Pal.  New  York,  VIII,  l>t.  II.  1895,  pi.  48,  figs.  8-11. 

Loe.  Cherry  Valley,  New  York ;  Cumberland,  Maryland.  In  the  Niagara  near 
Louisville,  Kentucky  (Nettelroth). 

Nacleospira  iudiaDensis  Miller=PaTazyga  hirauta. 

Vneleocpira  piBifoxmis  Hall.  Niagara  (Sil.). 

Orthis  pisum  Hall  (non  Sowerby),  Pal.  New  York,  II,  1852,  p.  250,  pi.  2,  fig.  1. 

Nudeospira  pisiformis  Hall,  Pal.  New  York,  III,  1859,  pi.  28B;— Trans.  Albany 
Institute,  IV,  1863,  p.  226 ;— Twenty-eighth  Rep.  N.  Y.  State  Mus.  Nat.  Hist., 
1879,  p.  160,  pi.  25,  figs.  22-28 ;— Eleventh  Kep.  State  Geol.  Indiana,  1882,  p. 
301,  pi.  25,  tigs.  22-28.— Kayser,  Riclithofens  China,  IV,  1883,  p.  47,  pi.  4, 
figs.  9-11.— Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Sur- 
vey, 1889,  p.  104,  pi.  33,  tigs.  7-9.— Keyes,  Geol.  Survey  Missouri,  V,  1895,  p. 
94,  pi.  41,  fig.  5. 

Zoc.  Wolcott,  New  York;  Waldiou,  Indiana;  Louisville,  Kentucky;  Pike 
County,  Missouri ;  Tshau-Tien,  China. 

Sndaocpira  roto^data  Whitfield.  Waterlime  (Sil.). 

Nudeospira  rotundata  Whitfield,  Ann.  New  York  Acad.  Scl.,  II,  1882,  p.  194; — 

Ibidem,  V,  1891,  p.  511,  pi.  5,  figs.  11-14;— (Jeol.  Ohio,  VII,  1895,  p.  418,  pi.  1, 

figs.  11-14. 
Loe.  Greenfield,  Ohio. 

Hndeocpira  ventricoaa  HaU.  Lower  Helderberg  (Dev.). 

Spirifer  ventricosa  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  57. 
Nudeospira  ventricosa  Hall,  Pal.  New  York,  III,  1859,  p.  220,  pi.  14,  fig.  1;  pi. 

28B,  figs.  2-9.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  145, 

figs.  128-130;  pi.  48,  figs.  2-6,  18;  pi.  84,  figs.  39,  40. 
Loe,  Schoharie,  Cherry  Valley,  etc.,  New  York;  Cumberland,  Maryland. 

OBOLELIA  Billings.  Genotype  O.  chromatica  Billings. 

Obolella  Billings,  Geol.  Vermont,  II,  1861,  p.  946;— Pal.  FossHh,  I,  1861,  p.  7.— 
Hall,  Sixteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1863,  p.  131.— Meek  and 
Hayden,  Smithstmian  Cont.  to  Knowledge,  XIV,  172, 1864,  p.  3.— Hall,  Trans. 
Albany  lustitute,  V,  1867,  y.  108. — Dall,  American  Jour.  Conchology,  VI, 
1870,  pp.  162,  164.— Billings,  Cuuadiun  Nat.  Geol.,  u.  ser.,  VI,  1871,  p.  217, 
figs.  5,  6; — American  Jour.  Sci.,  3«l  ser.,  Ill,  1872,  p.  355,  figs.  5-7; — Ibidem, 
3d  ser.,  XI,  1876,  p.  176.— Ford,  Ibidem,  3d  ser.,  XXI,  1881,  p.  131.— Walcott, 
Bull.  U.  S.  Geol.  Survey,  30,  1886,  p.  109.— Hall  and  Clarke,  Pal.  New  York, 
VIII,  Pt.  1, 1892,  pp.  66, 164 ;— Eleventh  Ann.  Rep.  N.  Y.  State  Geologist,  1894, 

Bull.  87 18  ^  T 
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OBOLELLA  Billings— Gontinaed. 

p.  240.— Matthew,  Trans.  Royal  Soo.  Canada,  IX,  1892,  p.  39.— Mickwitz, 
M^m.  PAcad.  Imp.  Sci.  St.  P^tewbourg,  VIII,  1896,  p.  116. 
Dicellomufl  Hall,  Twenty-third  Rep.  N.  Y.  State  Cab.  Nat  Hist.,  1873,  p.  346. 

Obolella  ambigua  Walcott=:E]kania  ambigua. 

Obolella  atlantica  Walcott.  Lower  Cambrian. 

Obolella  atlantica  Walcott,  Proc.  U.  8.  Nat.  Mus.,  XII,  1889,  p.  36;— Tenth  Ann. 

Rop.  U.  8.  Geol.  Suney,  1891,  p.  611,  pi.  71,  fig.  1. 
Loc.  Conception  Bay,  Newfoundland ;  Attleboro,  MassachnsettB. 

Obolella  caelata  Billings=LingQlel1a  cselata. 

Obolella  chromatica  Billings.  Lower  GamDnan. 

Obolella  chromatica  Billings,  Geol.  Vermont,  II,  1861,  p.  947,  fig.  346;— Pal. 
Fossils,  I,  1861,  p.  7,  fig.  7;— Geol.  Canada,  1868,  p.  284,  fig.  288.— Hall, 
lYans.  Albany  Institute,  V,  1867,  p.  110.— Billings,  American.  Jour.  Sci.,  3d 
ser.,  XI,  1876,  p.  176,  figs.  1-4.— Ford,  Ibidem,  3d  ser.,  XXI,  1881,  p.  133,  figs, 
3, 4, 5.— Walcott,  Bull.  U.  S.  Geol.  Survey,  30, 1886,  p.  112,  pi.  11,  fig.  1 ;— Tenth 
Ann.  Rep.  U.  S.  Geol.  Survey,  p.  611,  pi.  71,  fig.  2.— Hall  and  Clarke,  Pal.  New 
York,  VIII,  Pt.  I,  1892,  p.  70. 

Loc,  Anse  au  Loup,  Canada. 

Obolella  cingolata  Billings=Kutorgina  cingnlata. 

Obolella  circe  Billings.  Lower  Cambrian. 

Obolella  circe  Billings,  Canadian  Nat.  Geol.,  n.  ser.,  IV,  1871,  p.  218; — ^American 

Jour.  Sci.,  Ill,  1872,  p.  357.— Walcott,  BuU.  U.  S.  Geol.  Survey,  30,  1886,  p. 

118,  pi.  10,  fig.  3;— Tenth  Ann.  Rep.  U.  S.  Geol.  Survey,  1891,  p.  611,  pi.  71, 

fig.  3. 
Loc,  Trois  Pistoles,  Canada. 

Obolella  craasa  (Uall).  Lower  Cambrian. 

Orbiculaf  orassa  HaB,  Pal.  New  York,  I,  1847,  p.  290,  pi.  79,  fig.  8. 

Aviculaf  desquamata  Hall,  Ibidem,  1847,  p.  292,  pi.  80,*fig.  2. 

Obolella  crassa  Billings,  Canadian  Nat.  Geol.,  n.  ser.,  VI,  1871,  p.  218. — Ford, 
Amer.  Jour.  Sci.,  3d  ser.,  XV,  1878,  p.  128;— Ibidem,  3d  ser.,  XXI,  1881,  p.  131, 
figs.  1,  2.— Walcott,  Bull.  U.  S.  Geol.  Survey,  30,  1886,  p.  114,  pi.  10,  fig.  1.— 
Shaler  and  Foerste,  Bull.  Mus.  Comp.  Zool.,  XVI,  1888,  p.  27,  pi.  1,  fig.  1.— 
Walcott,  Tenth  Ann.  Rep.  U.  S.  Geol.  Survey,  1891,  p.  612,  pi,  71,  fig.  4. — 
Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  70,  pi.  2,  figs.  31-36. 

Obolella  desquamata  Billings,  Canadian  Nat.  Geol.,  n.  ser.,  VI,  1871,  p.  217,  fig. 
6;— American  Jour.  Sci.,  3d  ser..  Ill,  1872,  p.  355,  fig.  6. 

Obolella  (Orbiculat)  crassa  Ford,  American  Jour.  Sci.,  3d  ser.,  II,  1871,  p.  83. 

Dicellomus  crassa  Hall.  Twenty-third  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1873,  p. 
246,  pi.  13,  figs.  6-9. 

Obolella  chromatica  (lap.  crassa)  Walcott,  American  Jour.  Sci.,  3d  ser..  XXIX, 
1885,  p.  116,  figs.  1, 2;— Ibidem,  XXX,  1890,  p.  21. 

Loc,  Troy  and  Schodack  Landing,  New  York;  North  Attleboro,  Massachusetts; 
St.  Simon  and  Bic  Harbor,  below  Quebec,  Canada. 

Obolella  desiderata  Billings=Elkania  desiderata. 

Obolella  desquamata  Billings = Obolella  crassa. 

Obolella  (1)  discoidea  Hall  and  Whitfield.    Up.  Camb.  and  Pogonip  (Ord.)- 

Obolelladiscoidea  Hall  and  Whitfield,  King's  U.  S.  Geol.  Expl.  40th  Pari.,  IV,  1877, 
p.  203,  pi.  1,  figs.  1,  2.— Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  14. 

Obolellat  discoidea  Walcott,  Bull.  U.  8.  Geol.  Survey,  30,  18C6,  p.  111.— Hall 
and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  69. 

Loc.  Eureka  district,  Nevada. 
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Obolella  gemma  Billings.  Lower  Cambrian. 

OboleUa  gemma  BiUiDgs,  Canadian  Nat.  Geol.,  n.  Her.,  VI,  1871,  p.  217,  fig.5;-~ 
American  Jour.  Sci.,  3d  Her.,  Ill,  1872,  p.  :^7,  fig.  5.— Walcott,  Bull.  U.  S.  Geol. 
Survey,  30, 1886,  p.  116,  pi.  10,  fig.  2;— Tenth  Ann.  Ue().  11.  S.  Geol.  Survey,  1891, 
p.  612,  pi.  71,  fig.  5;  pi.  72,  fig.  2.— Hall  and  Clarke,  Pal.  New  York,  VIII, 
Ft.  1, 1892,  p.  71,  fig.  30;  pl.  2,  figs.  42-44. 

Xoc.  Bic  and  St.  Simon  harbors,  below  Quebec,  Canada;  Troy,  New  York. 

OboleUa  (1)  gemmnla  Matthew.  Upper  Cambrian. 

Obolella  (  ?)  gemmula  Matthew,  Trans.  Royal  Soc.  Canada,  IX,  1892,  p.  41,  pl.  12, 

figs.  8iv-8c. 
Loc,  Near  St.  John,  New  Brunswick. 

OboleUa  (1)  Ida  BiUings.  Upper  Cambrian  and  Calciferous  (Ord.). 

Obolella  ida  Billings,  Pal.  Fossils,  I,  1862,  p.  71,  fig.  63,  on  p.  68. 
OboleUa  f  ida  Walcott,  BuU.  U.  S.  Geol.  Survey,  30,  1886,  p.  111. 
Loc.  Point  Levis,  Canada. 

Obolella  misera  Billings =Linnar8Sonia  misera. 

Obolella  minuta  (HaU  and  Whitfield).  Upper  Cambrian. 

Lingnlepis  f  minuta  Hall  and  Whitfield,  Rep.  Geol.  Expl.  40th  Pari.,  lY,  1877, 
p.  206,  pl.  1,  figs.  3, 4.— Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  13. 
Loc.  Eureka  district^  Nevada. 

OboleUa  nana  Meek  and  Hayden.  Middle  Cambrian. 

OboleUa  nana  Meek  and  Hayden,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1861,  p. 
435.— Billings,  Pal.  Fossils,  I,  1862,  p.  67.— Hayden,  American  Jour.  Sci., 
2d  ser.,  XXXIII,  1863,  p.  73.— Meek  and  Hayden,  Smithsonian  Cont.  to  Knowl- 
edge, XIV,  172,  1864,  p.  4,  pl.  1,  fig.  3.— Whitfield,  Powell's  Geol.  Geogr.  Sur- 
vey Rocky  Mountain  Region,  1880,  p.  340,  pl.  2,  figs.  14-17.— Hall  and  Clarke, 
Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  69. 

Loc.  Black  Hills,  South  Dakota. 

Obolella  nitida  Ford.  Lower  Cambrian. 

Obolella  nitida  Ford,  American  Jour.  Sci.,  3d  ser.,  V,  1873,  p.  213.— Walcott,  Bull. 

U.  8,  Geol.  Survey,  30,  1886,  p.  118,  pl.  11,  fig.  2;— Tenth  Ann.  Rep.  U.  S.  Geol. 

Survey,  1891,  p.  612,  pl.  72,  fig.  1.— Hall  and  Clarke,  Pal.  New  York,  VIII, 

Pt.  I,  1892,  pp.  69,  70.— tMatthew,  Trans.  N.  Y.  Acad.  Sci.,  XIV,  1895,  p.  V&, 

pl.  2,  fLg,  8. 
Loc.  Troy,  and  Washington  County,  New  York ;  Hanford  Brook,  New  Brunswick. 

Obolella  pectenoides  (Whitfield).  Upper  Cambrian. 

Obolus  pectenoides  Whitfield,  Ludlow's  Rep.  Reconn.  lUack  Hills,  Dakota,  1875, 

p.  103,  figs.  1-3. 
Obolus t  pectenoides  Whitfield,  Powell's  Geol.  Geogi*.  Survey  Rocky  Mountain 

Region,  1880,  p.  338,  pl.  2,  figs.  18, 19. 
Loc,  Black  Hills,  South  Dakota. 

Obolella  polita  Hall.  Middle  Cambrian. 

Obolus  appolinus  Owen  (non  Eichwald),  Geol.  Survey  Wisconsin,  Iowa,  Minne- 
sota, 1852,  pl.  IB,  figs.  9, 11, 15, 20. 

Lingulaf  polita  Hall,  Ann.  Rep.  Geol.  Survey  Wisconsin,  1861,  p.  24;— Geol.  Rep. 
Wisconsin,  1, 1862,  pp.  21, 435. 

OboleUa  Y  polita  HaU,  Sixteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist,  1863,  p.  133> 
pl.  6,  figs.  17-21 ;— Trans.  Albany  Institute,  V,  1867,  p.  112. 

Lingnlepis  prima  Meek  and  Hayden,  Smithsonian  Cont.  to  Knowl.,  XIY,  172, 1864, 
p.3,pl.l,fig.2. 

DiceUomuB  polita  HaU;  Tw^ty-third  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1873,  p.  246. 
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Obolella  polita  Hall — Coutinaed. 

Obolella  polita  Whitlield,  Powell's  Geol.  Geogr.  Snrvey  Rocky  Mountain  Region, 
1880,  p.  339,  pi.  2,  tigs.  12,  13.— Walcott,  Ball.  U.  S.  Geol.  Survey,  30,  1886, 
p.  111.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  pi.  2,  figs.  37-41. 
Loc.  Trempealean,  Wisconsin ;  Black  Hills,  South  Dakota. 

Obolella  pretiosa  B]]liQg8=Linuars80Dia  pretiosa. 
Obolella  prima  Whitfleld=Liugiilepi8  prima. 
Obolella  transversa  Hartt=Liuiiars8oiiia  transversa. 
Obolellina  Billings =Dinobolas. 

Obolellina  canadensis  Billings =Dinobolu8  canadaensis. 
Obolellina  galtensis  Blllings=Rliinobolu8  galteusis. 
Obolellina  magnifica  Billings =Dinobolus  magnificus. 

OBOLUS  Eichwald.  Genotype  Obolus  appolinos  Eichwald. 

Obolus  Eichwald,  Zoologia  Specialis,  I,  1829,  p.  274. — Hall  and  Clarke,  PaL  New 

York,  VIII,  Pt.  1, 1892,  p.  80,  figs.  33, 34 ;  pp.  164, 337.— Matthew,  Trans.  Royal 

Soc.  Canada,  IX,  1892,  p.  43.— Miokwitz,  M^m.  I'Acad.  Imp.  ScL  St.  P^ten- 

bourg,  VIII,  1896,  pp.  25,  126. 
Euobolns  Mickwitz,  Mdm.  FAcad.  Imp.  Sci.  St.  Pdtersbourg,  VIII,  1896,  pp.  25, 

129,  133. 
ObB,  Both  Euobolus  and  Obolus  are  based  upon  the  same  species. 

Obolus  appolinus  Owen  (non  Eichwald) =Obolella  polita. 

Obolus  canadensis  Billings,  1858=Dinobolus  magnificus. 

Obolus  canadensis  Billings=Dinobolus  canadaensis. 

Obolus  conradi  Hall=Dinobolu8  conradi. 

Obolus  galtensis  B.illingssBhinobolus  galtensis. 

Obolus  labradoricus  Billings=Ipliidea  labradorica. 

Oboliu  (1)  major  Matthew.  Lower  Cambrian. 

Obolus  Y  major  Matthew,  Trans.  Royal  Soc.  Canada,  IV,  1890,  p.  155,  pi.  8,  fig.  8. 
Mickwitzia  ( f )  major  Mickwitz,  M^m.  TAcad.  Imp.  Sci.  St.  P^tersbourg,  VIII, 

1896,  p.  23. 
Loc.  Near  St.  John,  New  Brunswick. 

Obolus  (1)  morrayi  Billings.  Cambrian. 

Obolus  t  murrayi  Billings,  Pal.  Fossils,  I,  1865,  p.  362. 
Loc.  Hare  Bay,  Newfoundland. 

Obolus  !  pectenoides  Whitfield = Obolella  pectinoides. 

Obolus  pulcher  Matthew=Botsfordia  pulchra. 

Obolus  pristinus  Matthew.  f  Middle  Cambrian. 

Obolus  pristinus  Matthew,  Trans.  N.  Y.  Acad.  Sci.,  XIV,  1895,  p.  121,  pi.  4,  fig.  1. 
Loc.  Hanford  Brook,  New  Brunswick. 

Obolus  ( ?)  refdlgens  Matthew.  Middle  Cambrian. 

Obolus  refulgens  Matthew,  Trans.  Royal  Soc.  Canada,  IX,  1892,  p.  44,  pi.  12, 
figs.  6a-6d. 

Obolus  ( Y)  refulgens  Mickwitz,  M^m.  I'Acad.  Imp.  Sci.  St.  P^tersbourg,  VIII,  1896, 
p.  23. 

Loe.  Near  St.  John,  New  Brunswick. 
(Ehlertella  Hall  and  Clarke=Lingulodi8cina. 
Orbicula  Cuvler=Crania. 
Orbicula  Sowerby,  1830=Di8ciua. 
Orbicula  cselata  Hall=Lingule]la  cielata,    ' 
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Orbicala  corragata  Hall^LicheDalia,  a  bryozoan. 
Orbicnla  crassa  Ilall=Obolella  crassa. 
Orbicala  deformata  Hall=:Orania  deformata. 

tOrbicnla  ezoentrica  Emmons.  Cambrian. 

Orbicala  exceatrica  EminooB,  American  Geology,  Pt.  II,  1855,  p.  112,  pi.  1,  fig.  4. 
Crania  excentrica  Miller*  N.  American  Geol.  Pal.,  1889,  p.  341. 
Loc.  Angasta  County,  Virginia. 
Obs.  Probably  a  gastropod. 

Orbicula  filosa  Hall=Sehizocrania  filosa. 

Orbicnla  grandis  Tannxem=B(Bmerella  grandis. 

Orbicala  lamellosa  Hall  (non  Broderip)=Orbicaloidea  lamellosa. 

Orbicala  lodensis  Vanazem==Orbicaloidea  lodiensis. 

Orbicula  Ingubris  Conrad =Di8cini8ca  lugubris. 

Orbicala  niinata  Hall=Orbicaloidea  minnta. 

Orbicala  mnltilineata  Conrad=Di8cinisca  ronltilineata. 

Orbicala  parmalata  Hall=Orbicaloidea  parmnlata. 

Orbicala  prima  Owen=Lingalepis  pinniformis. 

Orbicala  squamiformis  Hall=Pholidops  squamiformis. 

Orbicala  sabtrancata  Hall=Pholidop8  snbtruncata. 

Orbicala  tenoilamellata  Hall=:Schizotreta  tenuilamellata. 

Orbicala  terminalis  Emmons=Tremati8  terminalis. 

Orbicala  trancata  Emmons=Orbiculoidea  lamellosa. 

ORBICXJLOISEA  d'Orbigny.  Genotype  Orbicala  morrisi  Davidson. 

Orbicnloidea  d'Orbigny,  Prodrome  de  Pal^ontologie  stratigraphiqne,  I,  1850,  p. 
44. — Dall,  Bull.  Mur.  Comp.  Zool.,  Ill,  1871,  p.  37; — American  Jour.  Conch., 
VII,  1871,  p.  74.— Herrick,  Bull.  DeniBon  Univ.,  IV,  1888,  p.  12.— Hall  and 
Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  125,  fig.  64;  p.  128,  fig.  160  and 
pp.  160,  168.— Winchell  and  Schnchert,  Uinnesota  Geol.  Surrey,  III,  1893, 
p.  363.— Hall  and  Clarke,  Eleventh  Ann.  Rep.  N.  Y.  State  Oeologist,  1894, 
p.  256. 

Discina  Hall  (non  Lamarck),  Pal.  New  York,  III,  1859,  p.  159 ;— Sixteenth  Rep. 
N.  Y.  State  Cab.  Nat.  Hist.,  1863,  p.  130;— P.al.  New  York,  IV,  1867,  p.  15. 

OrUcaloidea  alleghania  (Hall).  Chemang  (Dev.). 

DiBcina  alleghania  Hail,  Thirteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1860,  p. 

77,  figs.  1,2;— Pal.  New  York,  IV,  1867,  p.  25,  fig.  1,  pi.  1,  fig.  17. 
Loe.  Hobbieville,  Alleghany  County,  New  York. 

Orbicnloidea  ampla  Hall.  Oriskany  (Dev.). 

Discina  grandis  Hall  (non  Vannxem,  1842),  Pal.  New  York,  III,  1859,  p.  406,  pi. 

92,  fig.  1. 
Discina  ampla  Hall,  Ibidem,  corrigenda  in  volnme  with  plates,  1859. 
Orbicnloidea  ampla  HaU  and  Clarke,  PaL  New  York,  VIII,  Pt.  1, 1892,  p.  127. 
Loc,  Albany  Connty,  New  York ;  Caynga,  Ontario. 

Orlncidoidea  baini  (Morris  and  Sharpe.)  Middle  Devonian. 

Orbicula  baini  Morris  and  Sharpe,  Quart.  Jour.  Geol.  Soo.  London,  II,  1846,  p. 

277,  pi.  lOy  fig.  5. — Sharpe  and  Salter,  Trans.  Geol.  Soc.  London,  2d  ser.,  VII, 

1856,  p.  210,  pi.  26,  figs.  20-23. 
Discina  baini  yon  Ammon,  Zeits.  Gessels.  fUr  Erdk.,  Berlin,  XXVIII,  1893,  p. 

359,  fig.  4. 
Loc.  Falkland  Islands;  Taquarassu,  Matto-Grosso,  Brazil;  South  Africa. 
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Orbicnloidea  (?)  capax  (Wlute).  Kinderhook  (L.  Garb.). 

Discina  capax  White,  Proc.  Boston  Soc.  Nat.  Hist.,  IX,  1862,  p.  30.— A.  Winchell, 

Proc.  Acad.  Nat.  Sci.  Philadelphia,  1865,  p.  112;— Proc.  American  PhiL  Soc.. 

XII,  1870,  p.  249. 
Loc,  Bnrlington,  Iowa;  Girard  and  Rockville,  Ohio  (A.  Winchell). 
Oh8,  This  species  should  be  compared  with  Lingnlodiscina  newberryi  E[all. 

Orbicnloidea  capnliformis  (McChesney).  Upper  Oarboniferona. 

Discina  capnliforma  McChesney,  New  Pal.  Fossils,  1860,  p.  72; — ^Trans.  Chicago 

Acad.  Sci.,  I,  1868,  p.  73,  pi.  2,  fig.  20. 
Loc.  Springfield,  Illinois. 
01)8,  Compare  with  O.  convexa  Shnmard. 

Orbicnloidea  conica  D wight =Schizotre,ta  conica. 

Orbicnloidea  conradi  (Hall).  Lower  Helderberg  (Dev.). 

Discina  conradi  Hall,  Pal.  New  York,  III,  1859,  p.  161,  pi.  9,  figs.  16,  17;  pi.  lOA. 

fig.  2. 
Loc,  Near  Hudson,  New  York. 

Orbicnloidea  convexa  (Shumard).  Upper  Carboniferons. 

Discina  convexa  Shnmard,  Trans.  St.  Loins  Acad.  Sci.,  I,  1858,  p.  221.— White, 

Thirteenth  Rep.  State  Geol.  Indiana,  1884,  p.  121,  pi.  25,  fig.  9.— Herrick,  Bull. 

Denison  Univ.,  II,  1887,  pi.  3,  &^.  19.— Keyes,  Geol.  Survey  Missouri,  V,  1895, 

p.  40,  pi.  35,  fig.  7. 
Loc,  VaUeyofVerdigris  River,  Kansas;  Kansas  City,  Missouri;  Vermilion  Coanty, 

Indiana;  Newark,  Ohio. 
Oha,  See  Orbicnloidea  capnliformis  McChesney. 

Orbicnloidea  ducns  Ilall.  Lower  Helderberg  (Dev.). 

Discina  discns  Hall,  Pal.  New  York,  III,  1859,  p.  159,  pi.  9,  figs.  13-15. 
Schizocrania  (  f )  discus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  132. 
Orbicnloidea  discus  Hall  and  Clarke,  Ibideui,  1892,  pi.  4E,  fig.  13. 
Loc.  Near  Hudson  and  Albany  connties.  New  York. 

Orbicnloidea  doria  (Hall).  Hamilton  (Dev.). 

Discina  doria  Hall,  Sixteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1863,  p.  26;— Psl. 
New  York,  IV,  1867,  p.  19,  pi.  2,  figs.  19-22,  31  (130).— Nettelroth,  Keutncky 
Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  32. 

Loc.  Madison  County,  New  York ;  Thedford,  Ontario ;  Clark  County,  Indians. 

Orbicnloidea  elmira  (Hall).  Chemnng  (Dev.). 

Discina  elmira  Hall,  Sixteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1863,  p.  29;- 

Pal.  New  York,  IV,  1867,  p.  24,  pi.  2,  figs.  38,  39. 
Loc.  Elmira,  New  York;  Wellsboro,  Pennsylvania. 

Orbicnloidea  gallaheri  (A.  WiDchell).  Marshall  (L.  Garb.). 

Discina  gallaheri  A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1865,  p.  113:— 

Proc.  American  Philosophical  Soc,  XII,  1870,  p.  249. 
Loc,  Hillsdale,  Michigan ;  Granville,  Ohio ;  Shafers,  Pennsylvania. 
Orbicnloidea  herzeri  Hall  and  Clarke.  Waverly  (L.  Carb.). 

Orbicnloidea  herzeri  Hall  and  Clarke,    Pal.  New  York,  VIII,  Pt.  I,  1892,  pp. 

126,  127,  178. 
Orbicnloidea  pulchra  Hall  and  Clarke,  Ibidem,  1892,  pi.  4£,  fig.  19;  pi.  4F,  figs. 

9-13,30,  (f  14-16). 
Loo,  Berea  and  Baconsbnrg,  Ohio ;  Meadville,  Pennsylvania. 

Orbicnloidea  hnmilis  (Hall).  Marcellns  and  Hamilton  (Dev.). 

Discina  hnmilis  Hall,  Sixteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist..  1863,  p.  25;- 

Pal.  New  York,  IV,  1867,  p.  16,  pi.  2,  fig.  18.— Wliitfield,  Annals  N.  Y.  Acad. 

Sci.,  V,  1891,  p.  560;— Geol.  Ohio,  VII,  1895,  p.  452.  pi.  8,  figs.  1,  2. 
Loo,.  Bridgewater,  Canandaigua  Lake,  etc.,  New  York;  Leroy,  Ohio. 
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Orldealoidea  illinoiflensu  (Miller  aud  Gurley).  Upper  Carboniferous. 

Discina  illinoieusis  Miller  aacl  Garley,  Ball.  IllinoiH  State  Mus.  Nat.  Hist.,  3, 1893; 

p.  70,  pi.  7,  figs.  2-5. 
Loc.  Kiiox  and  Peoria  conntteB,  lUinoiB. 
0b8,  Closely  related  to  O.  convexa. 

Orbienloidea  jerYiseiudB  (Barrett).  Oriskany  (I)ev.). 

Discina  jervensis  Barrett,  Annals  N.  Y.  Acad.  Soi.,  I,  1878,  p.  121. 
Loc.  Port  Jervifl,  New  York. 

Orbiculoidea  keokuk  (Gurley).  Keokuk  (L.  Garb.). 

Discina  keokuk  Gurley,  New  Carb.  Fossils,  1884,  p.  6. 
Loc,  Crawfordsville,  Indiana. 

Orbiculoidea  lameUofla  Hall.  Trenton  and  Lorraine  (Ord.). 

Orbicula  lamellosa  Hall  (non  Broderip,  1833),  Pal.  New  York,  1,  1847,  p.  99,  pi. 

30,  fig.  10. 
Orbicula  truncata  £nimou«),  American  Geology,  Pt.  II,  1855,  )>.  200,  fig.  62. 
Discina  truncata  Emmons,  Manual  of  GeoL;  1860,  p.  99. 
Orbiculoidea  lamellosa f  Winchell  and  Schucbert,  Minnesota  Geol.  Survey,  III, 

1893,  p.  364,  pi.  29,  fig.  25. 
Orbiculoidea  lamellosa  Hall  and  Clarke,  Pal.  New  York,  VIll,  Pt.  I,  1892,  pi. 

4E,  fig.  12. 
Discina  clrce  Billings,  Pal.  Fossils,  I,  1862,  p.  51,  fig.  55;— Geol.  Canada,  1863, 

p.  159,  fig.  125. 
Loc,  Middleyille  and  Lowville,   New   York;    Bellville   and  Ottawa,   Canada; 

Spring  Valley ,  Minnesota. 
Ohs.  Orbicula  lamellosa  Broderip,  is  the  type  species  of  Disci nisca,  and  HalVs 

name  will  therefore  stand. 

Orbiculoidea  lodiensiB  (Vannxem).  Genesee  (Dev.). 

Orbicula  lodensis  Vanuxem,  Geol.  N.  Y.;  Rep.  Third  Dist.,  1842,  p.  168,  fig.l.— 

Hall,  Ibidem,  Rep.  Fourth  Dist.,  1843,  p.  223,  fig.  1. 
Discina  lodensis  Hall,  Pal.  New  York,  IV,  1867,  p.  22,  pi.  1,  fig.  14;  pi.  2,  fig.  35.— 

Rathbun,  Bull.  Buffalo  Soc.  Nat.  Sci.,  1, 1874,  p.  257;— Proc.  Boston  Soc.  Nat. 

Hist.,  XX,  1879,  p.  17.— Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  112, 

pi.  2,  fig.  5.— Clarke,  Bull.  IT.  8.  Geol.  Survey,  16,  1885,  p.  24.— Whitfield, 
*  Annals  N.  Y.  Acad.  Sci.,  V,  1891,  p.  547,  pi.  11,  fig.  7;— Geol.  Ohio,  VII,  1895, 

p.  442,  pi.  7,  fig.  7. 
Discina  sp.  a  A.  Ulrich,  N.  Jahrb.  far  Mineral.,  Beilageband,  VIII,  1892,  p.  81,  pi. 

5,  fig.  10. 
Orbiculoidea  lodensis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  4F, 

fig.  21. 
Loc.  Lodi,  etc..  New  York ;  White  Pine  district,  Nevada;  Erere,  Province  of  Para, 

Brazil;  Chahuarani,  Bolivia.    In  the  Marcellus  shale  of  Delaware  County, 

Ohio  (Whitfield). 

Orbiculoidea  lodiensiB  media  Hall.  Marcellus-Ghemung  (Dev.). 

Discina  media  Hall,  Sixteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1863,  p.  27;— 

Pal.  New  York,  IV,  1867,  p.  20,  pi.  2,  figs.  25-29.— Walcott,  Mon.  U.  S.  Geol. 

Survey,  VIII,  1884,  p.  113. 
Orbiculoidea  media  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1,  1892,  pi.  4E, 

figs.  15-17. 
Loc.  Seneca  and  Canandaigua  lakes.  New  York ;  Chemung  group,  Troupsburg, 

New  York. 

Orbiculoidea  magnifica  (Herrick).  Waverly  (L.  Garb.). 

Discina  magnifica  Herrick,  Bull.  Geol.  Soc.  America,  II,  1891,  p.  46,  pi.  1,  fig.  17. 
Loc,  Wooster,  and  Ashland  County,  Ohio. 
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Orbicnloidea  manhattanensis  (Meek  and  Hayden).    Upper  Garboniferong. 

Discina  inanbattenHis  Meek  and  Hayden,  Proc.  Acad.  Nat.  Sci.  Philadelphia, 

1859,  p.  25, 
Loc.  Near  Manhattan,  Kansas. 

Orbicnloidea  marginalia  (Whitfield).  Hamilton  (Dev.). 

Discina  marginalis  Whitfield,  Ann.  Rep.  Geol.  Survey  Wisconsin,  1880,  p.  70;— 

Geol.  Survey  Wisconsin,  IV,  1882,  p.  325,  pi.  25,  fig.  11. 
( )rbiculoidea  marginalis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  127, 

pi.  4F,  fig.  17. 
Loc,  Milwaukee,  Wisconsin. 

Orbicnloidea  minnta  (Hall).  Marcellas-Hamilton  (Dev.)- 

Orbicnla  minuta  Hall,  Geol.  N.  Y.  ;  Rep.  Fourth  Dist.,  1843,  p.  180,  fig.  9. 
Discina  minuta  Hall,  Pal.  New  York,  IV,  1867,  p.  16,  pi.  1,  fig.  16.— Walcott,  Men. 

U.  S.  Geol.  Survey,  VIII,  1884,  p.  112,  pi.  13,  fig.  5.— Whitfield,  Annals  N.  Y. 

Acad.  Sci.,  V,  1891,  p.  547,  pi.  11,  figs.  5, 6;— Geol.  Ohio,  VH,  18^,  p.  442,  pL  7, 

figs.  5, 6. 
Orbicnloidea  minuta  Beecher,  American  Jour.  Sci.,  3d  ser.,  XLI,  1891,  p.  356, pi. 

17,  figs.  5-7;— American  Jour.  Sci.,  3d  ser.,  XLIV,  1892,  p.  150,  pi.  1,  figs.  4-6. 
Loc,  Avon,  New  York;  Delaware  County,  Ohio;  near  Eureka,  Nevada. 

Orbicnloidea  miBsonriensis  (Shumard).  Upper  Carboniferons. 

Discina  missouriensis  Shumard,  Trans.  St.  Louis  Acad.  Sci.,  1, 1858,  p.  221. 
Discina  uitidaf  Meek  and  Worthen  (non  Phillips),  Geol.  Survey  Illinois,  V,  1873, 

p.  572,  pi.  25,  fig.  1. 
Discina  nitida  Wliite,  Thirteenth  Rep.  State  Geologist  Indiana,  1884,  p.  121,  pL 

25,  fig.  10.— Keyes,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1888,  p.  226.— HaU  and 

Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  131,  pi.  4F,  figs.  23-28.— Keyes, 

Geol.  Survey  Missouri,  V,  1895,  p.  39,  pi.  36,  fig.  6. 
Discina  meekana  Whitfield,  Annals  N.  Y.  Acad.  Sci.,  II,  1882,  p.  228.— Herrick, 

BuU.  Denison  Univ.,  II,  1887,  p.  145,  pi.  2,  fig.  8.— Whitfield,  Annals  N.  Y. 

Acad.  Sci.,  V,  1891,  p.  598,  pi.  15,  figs.  1-3;— Geol.  Ohio,  VII,  1895,  p.  483,  pi. 

11,  figs.  1-3. 
Loc.  Lexington,  Missouri;  Illinois;  Carbon  Hill  and  Flint  Ridge,  Ohio;  Des 

Moines,  Iowa;  Vermilion  County,  Indiana. 
Oba,  This  species  is  not  D.  nitida  Phillips.    It  dififers  from  it  in  form  and  in  the 

muscular  scars. 

Orbicnloidea  (1)  mnnda  (Miller  and  Gurley).  Upper  Carboniferoas. 

Discina  munda  Miller  and  Gurley,  Bull.  Illinois  State  Mus.  Nat.  Hist.,  3,  1893,  p. 

71,  pi.  7,  figs.  6,  7. 
Loo,  Kansas  City,  Missouri. 

Oha,  This  species  may  be    a   Lingulodiscina,  but  since  the  ventral  valve  ia 
unknown  satisfactory  generic  reference  can  not  be  made. 

Orbicnloidea  neglecta  (Hall).  Ghemang  (Dev.). 

Discina  neglecta  Hall,  Sixteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1863,  p.  29;— 

Pal.  New  York,  IV,  1867,  p.  24,  pi.  1,  figs.  12,  13. 
Loo,  Ithaca,  New  York. 

Orbicnloidea  newberryi  Meek=Lingnlodisc]na  newberryi. 
Orbicnloidea  nitida  (Phillips).  Upper  Carboniferons. 

Orbicnla  nitida  Phillips,  Geol.  Yorkshire,  II,  1836,  p.  221,  pi.  9,  figs.  10-13. 

f  Discina  nitida  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  213,  pi.  7,  fig. 4. 

Loc,  England ;  Whlt«  Pine  district,  Nevada* 
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OrMonloidea  nnmnliu  Hall  and  Clarke.  Waterlime  (Sil.). 

Orbicnloidea  namnlus  HaU  and  Clarke,  Pal.  New  York,  VIII,  Ft.  1, 1892,  p.  178, 

pi.  4£,  fig.  14. 
Loc.  Marshally  New  York. 

Orldciiloidea  parmnlata  (Hall).  Medina  (Sil.). 

Orbioola  parmulata  Hall,  Geol.  New  York ;  Rep.  Foarth  Dist.,  1843,  p.  48,  fig.  4 ;— 

Pal.  New  York,  II,  1852,  pi.  4,  fig.  3. 
Loc.  Medina  and  Lockport,  New  York. 

Orbienloidea  patellaris  (A.  Winchell).  Kinderhook  (L.  Garb.). 

Discina  patellaris  A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1883,  p.  4. 
Lo€,  Burlington,  Iowa. 

Orbicnloidea  plenrites  Meek=Lin^alodi8cina  pleurites. 
Orbicnloidea  pnlchra  Hall  =s Orbicnloidea  hertzeri. 

Orbicnloidea  randalli  Hall.  Hamilton  (I>ey.). 

Discina  randalli  Hall,  Sixteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1863,  p.  25 ;— 

Pal.  New  York.  IV,  1867,  p.  18,  pi.  2,  fig.  34. 
Orbicnloidea  randalli  Hall  and  Clarke,  Pal.  New  York,  VllI,  Pt.  I,  1892,  pi.  4£, 

fig.  18. 
Loo,  Schoharie,  New  York. 

OrMcnloidea  laffordi  (A.  Winchell).  Lower  Carboniferons. 

Discina  saffordi  A.  Winchell,  Geol.  Tennessee,  1869,  p.  443; — ^Proc.  American 

Philosophical  Soc,  XII,  1870,  p.  248. 
Loc.  "Just  above  Black  Slate,"  Hickman  Coanty,  Tennessee. 

Orbicnloidea  tampsoni  (Miller).  Gbontean  (L.  Garb.). 

Discina  sampsoni  Miller,  Seventeenth  Rep.  State  Geol.  Indiana,  1891,  p.  80,  pi. 

13,  figs.  10-12. 
Loc,  Sedalia,  Missouri. 

Orbicnloidea  seneoa  (Hall).  Hamilton  (Dev.). 

Discina  seneca  Hall,  Sixteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1863,  p.  26;— 

Pal.  New  York,  IV,  1867,  p.  20,  pi.  2,  figs.  23,  24. 
Loo.  East  shore  of  Seneca  Lake,  New  York. 

Orbicnloidea  snbplana  (Hall).  Arisaig  (Sil.). 

Discina  tennilamellata  var.  snbplana  Hall,  Canadian  Nat.  Geol.,  V,  1860,  p.  144.— 

Dawson,  Acadian  Geol.,  3d  ed.,  1878,  p.  596. 
Loc,  Arisaig,  Nova  Scotia. 

Orbionloidea  inbtrigonalifl  (McCbesney).  Upper  Carboniferons. 

Discina  subtrigonalis  McChesney,  New  Pal.  Fossils,  1865,  p.  97. 
Discina  trigonalis  McChesney,  Ibidem,  1865,  pi.  2,  fig.  19; — Trans.  Chicago  Acad. 

Sci.,  I,  1868,  p.  24,  pi.  2,  fig.  19. 
Loc,  Lasalle,  lUinois. 

Orbicnloidea  tennilineata  (Meek  and  Hayden).         Upper  Carboniferons. 
Discina  tennilineata  Meek  and  Hayden,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1859, 

p.  25. 
Loc,  Cottonwood  Creek,  Kansas. 

Orbicnloidea  tennistriata  (Ulrich).  Utica  (Ord.). 

Discina  tenaistriata  Ulrich,  Jour.  Cincinnati  Soc.  Nat*  Hist.,  1, 1878,  p.  96,  pi.  4, 

fig.  10. 
X^,  Covington,  Kentapky. 


Digitized  by  LjOOQIC 


282  SYNOPSIS   OP  AMERICAN  FOSSIL   BBACHIOPODA.        lwju.87. 

Orbicnloidea  tnllia  (HaU).  Tally  (Dev.). 

Disoina  tnllia  Hall,  Sixteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1863,  p.  28;-PaL 

New  York,  IV,  1867,  p.  22.  pi.  2,  figs.  16,  17. 
Loc.  Seneca  Lake,  New  York. 

Orbicnloidea  ntaiiensis  (Meek).  Upper  Garbonlferoiu. 

Disclna  ep.  undet..  Meek,  King's  U.  S.  Geol.  Expl.  40th  Pari.,  IV,  1877,  p.  99,  pi. 

10,  fig.  3. 
Discina  ntahensis  Meek,  Ibidem,  1877,  p.  99  (also  see  footnote,  p.  9). 
Loo,  Weber  Canyon,  Wasatch  Range,  Utah. 

Orbicnloidea  yanozemi  (Hall).  Arisaig  and  Waterlime  (SiL). 

Discina  vanuxemi  Hall,  Pal.  New  York,  HI,  1859,  p.  162,  pi.  8,  tig.  1. 
Loc,  Manlius-square,  New  York;  Arisaig,  Nova  Scotia  (Ami). 

Orbicnloidea  vanaviensiB  (Worthen).  Keokak  (L.  Carb.). 

Discina  varsoviensis  Worthen,  Bull.  Illinois  State  Mus.  Nat.  Hist.,  2,  1884,  p. 

23;— Geol.  Survey  Illinois,  VIII,  1890,  p.  102,  pi.  11,  fig.  7. 
Loo.  Warsaw,  Illinois. 

OBISKAHIA  Hall  and  Clarke.  Genotype  O.  navicella  H.  and  C. 

Oriskania  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  270 ;— Thirteenth 
Ann.  Rep.  N.  Y.  State  Geologist,  1895,  p.  854. 

Oriflkania  navicella  Hall  and  Clarke.  Oriskany  (Dev.). 

Oriskania  nayicella  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  269, 

figs.  181-183,  pi.  79,  figs.  25-27. 
Loc.  Near  Hudson,  New  York. 

OKTHZDIUM  Hall  and  Clarke.      Genotype  Orthis  gemmicnla  Billings. 
Orthidium  HaU  and  Clarke,  Pal.  New  York,  VIII,  Vt.  I,  1892,  p.  244 ;— Eleventh 
Ann.  Rep.  N.  Y.  State  Geologist,  1894,  p.  276. 

Orthidium  gemmicnla  (Billings).  Calciferoofi  (Ord.). 

Orthis  gemmicnla  Billings,  Pal.  Fossils,  I,  1862,  p.  75,  fig.  68. 
Orthidium  gemmicnla  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1,  1892,  pp. 

217,  244,  pi.  7A,  figs.  22-25. 
Loo.  Point  Levis,  Canada. 

Orthis  of  anthers. 

Orthis  HaU,  Pal.  New  York,  IV,  1867,  p.  33.— Shaler,  Fossil  Brachiopoda  of  the 
Ohio  Valley,  1887,  p.  18.— Herrick,  Bull.  Denison  University,  IV,  1888,  p. 
14. — Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1888, 
p.  34.— Hall,  Bull.  Geol.  Soc.  America,  I,  1889,  p.  19.— Hall  and  Clarke,  Pal. 
New  York,  VIII,  Pt.  I,  1892,  pp.  185,  186 ;— Eleventh  Ann.  Eep.  N.  Y.  State 
Geologist,  1894,  p.  264. 

OKTHIS  Dalman  (emend  Hall  and  Clarke). 

Genotype  Orthis  caUigramma  Dalman. 

Orthis  Dalman,  Kongl.  Sveuska  Vet.-Akad.  Handl.,  f<>r  1827, 1828,  pp.  93, 96.— Hall 

and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  192.— Winchell  and  Schu- 

chert,  Minnesota  Geol.  Survey,  III,  1893,  p.  417.— Hall  and  Clarke,  Eleventli 

Ann.  Kep.  State  Geologist,  1894,  p.  265. 

Orthis  aBquivalvis  Hall,  1847=Plectorthi8  aeqnivalvis. 
Orthis  ieqnivalvis  Hall,  1857  (non  1847)= Orthis  eryna. 
Orthis  aeqaivalvis  Shaler  (non  Hall)=Bhipidomella  uberis. 

Orthii  (1)  acuminata  Billings.  Chazy  (Ord.). 

Orthis  f  acuminata  Billings,  Canadian  Nat.  Geol.,  IV,  1859,  p.  440,  fig.  19. 
Orthis  acuminata  Billings,  GeoL  Canada,  1863,  p.  130,  fig.  59. 
Loo.  Caughnawaga,  Canada. 
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Orthis  acutilirata  Meek=Platy8trophia  acatilirata. 

Orthis  acntiloba  Eingaeber^=:Bilobit68  acntilobas. 

Orthis  alata  Shaler=Orthis  davidsonL 

Orthis  alsas  Hall=Ehipidoinella  alsa. 

Orttkii  (?)  alteniani  Castelnan.  Formation,  f 

Orthis  altemans  Castelnau,  Essai  Syst.  Sil.  TAm^nqne  Septentrionale,  1843,  p. 

38,  pi.  14,  fig.  2. 
Loc.  ''From  an  erratic  block.  Lake  of  the  Woocia.''    Undeterminable. 

Orthis  amoena  N.  H.  Wiiiche11=Dalinaiiella  amcBiia. 
Orthis  anticostiensis  Shaler=Dinorthis  porcata. 

Orfhii  (?)  apicalis  Billings.  f  Upper  Cambrian. 

Orthis  f  apicalis  Billings,  Pal.  Fossils,  I,  1865,  p.  301,  fig.  291.~Hall  and  Clarke, 

Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  217. 
Loe,  Point  Levis  and  west  end  of  Island  of  Orleans,  Canada. 

Orthis  arachnoides  Boemer  and  Hall  (uon  Phillips) =Derbya  crassa. 

Orthis  armanda  Billings=Syntrophia  armanda. 

Orthis  assimilis  Ha11=Rhipidomella  assimilis. 

Orthis  aarelia  Billings =Plectorthis  anrelia. 

Orthis  aymara  Salter= Anoplotheca  flabellites. 

Orthis  barabnensis  Winchell=:Syntrophia  barabnensis. 

Orthis  battis  Billings =Hebertellabattis. 

Orthis  bellamgosa  Conrad=nebertella  bellirngosa. 

Orthis  bellamgosa  Hall,  1883=nebertella  inscalpta. 

Orthis  bellala  Meek=Dalmanella  bellola. 

OrthiB  benedicti  Miller.  Niagara  (Sil.). 

Orthis  benedicti  Miller,  Seventeenth  Rep.  State  Geol.  Indiana,  1891,  p.  78,  pi. 

13,  figs.  7-9. 
Loo,  Hartsville,  Indiana. 

Orthis  bicostatas  yanazem=:Beticnlaria  bicostata. 

Orthis  bitbrata  of  anthors=:Platystrophia  biforata. 

Orthis  biforata  acntilirata  White =Platystrophia  acatilirata. 

Orthis  billingsi  Hartt=Billingse11a  billingsi. 

Orthis  biloba  nall=:Bilobites  bilobas. 

Orthis  bisnlcata  Emmon8=Cyclospira  bisulcata. 

Orthis  borealis  Billings=Hebertella  borealis. 

Orthi«(?)  bnchi  d'Orbigny.  Upper  Oafboniferons. 

Orthis  buchi  d'Orbigny,  Voyage  dans  TAm^rique  Mdridionale,  Pal.,  1842,  p.  49. 
Productus  audii  d'Orbigny,  Ibidem,  p.  54,  pi.  5,  figs.  1-3. — de  Koninck,  Recher. 

Animanx  Fobs.,  Pt.  1, 1847,  p.  238. 
Loc,  Yarbichambi,  Bolivia. 

Orthis  calligramma  Foerste  (non  Dalman)=Orthis  flabellites. 
Orthis  calligramma  davidsoni  Nicholson  and  Hinde=Ortliis  davidsoni. 

Orthis  caUigramma  Kayser.  Lower  Ordovician. 

Orthis  calligramma  Kayser  (non  Davidson),  Paln^ontographica,  Siippl.,  Ill,  1876, 

pp.  18,  26,  pi.  3,  figs.  9-18. 
Loc,  Cordillere  San  Juan,  Argentine  Repnblic. 
Obs,  These  shells  appear  to  be  more  closely  related  to  O.  plicatella  than  to  O. 

calligramma. 
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Orthis  canalis  Hall=Dalmanella  elegantala. 

Orthis  carbonaria  Swallow  =:Bhipidomella  pecosi. 

Orthis  carinata  HallsSchizophoria  carinata. 

Orthis  carleyi  Hall=Dinorthis  retrorsa. 

Orthis  oaramii  Salter.  Galciferoas  (Ord.)- 

Orthis  caraasii  (Salter,  MS.)  Davidson,  Geol.  Mag.  London,  Y,  1868,  p.  315,  pi. 

16,  fig.  23. 
Orthis  oaransii  f  Matthew,  Trans.  Royal  Soc.  Canada,  X,  1893,  p.  102,  pi.  7,  fig.  7. 
Loc,  England ;  near  St.  John,  New  Brunswick. 

OrthiB  (1)  oentrilineata  HalL  Lorraiue  (Ord.)- 

Orthis  oentrilineata  Hall,  Pal.  New  York,  I,  1847,  p.  289,  pi.  79,  fig.  5*. 
I^c.  Lorraine  and  Turin,  New  York. 

Orthis  centrosa  Mi]ler=Platy8trophia  crassa. 

Orthis  charlottdB  Winchell=Dinorthi8  pectinella. 

Orthis  cincinnatieiisis  Miller=Orthis?  pumila. 

Orthis  (t)  circularis  K.  H.  WiDchell=T)a1manella  ftubaequata  circularis. 

Orthis  circalos  Hall=Bhipidomella  circalas. 

Orthis  clarkensis  SwaIlow=Bhipidomella  clarkensis. 

Orthis  cleobis  Hal]=Bhipidomel1a  cleobis. 

Orthis  clytie  Hall=Heterorthis  clytie. 

Orthis  coloradoensis  Meek,  1870=:Orthis  1  desrooplonra. 

Orthis  coloradoensis  Shamard=Billing8ella  coloradoensis. 

Orthis  concinna  Hall=Dalmanella  concinna. 

Orthis  (1)  condnna  Morris  and  Sharpe.  Lower  DeYonian. 

Orthis  concinna  Morris  and  Sharpe,  Quart.  Jour.  Oeol.  Soo.  London,  II,  1816,  p. 

275,  pi.  10,  fig.  2. 
Loe.  Falkland  Islands. 
Ohs,  Probably  a  species  of  Orthothetes. 

Orthis  conradi  Gastelnaa=Hipparionyx  proximns. 

Orthis  conradi  N.  H.  Winchel]=Dalmauella  suboeqnata  conradi. 

Orthis  coopereusis  Swallow=Ehipidoinella  dabia. 

Orthis  cora  d'Orbigny=Schizophoria  cora. 

Orthis  ooriiuiA  Billings.  Calciferous  (Ord.). 

Orthis  oorinna  Billings,  Pal.  Fossils,  I,  1865,  p.  302,  fig.  292. 
Orthis  f  oorinna  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  217. 
Loc,  Stanbridge,  Quebec,  Canada. 

Orthis  corpnlenta  Sardeson^Dalmanella  testadinaria  meeki. 

Orthis  costalis  Hall.  Ohazy  (Ord.). 

Orthis  costalis  Hall,  Pal.  New  York,  I,  1847,  p.  20,  pi.  4  bis,  fig.  4 ;— Second  Add. 

Rep.  N.  Y.  State  Geol.,  1883,  pi.  34,  figs.  35-38.— Hall  and  Clarke,  Pal.  New 

York,  Vni,  Pt.  I,  1892,  pp.  221, 228,  pi.  5,  figs.  15»17. 
Loe.  Chazy,  New  York. 

Orthis  costata  Hall  (non  Sowerby)=Orthi8  pumila. 

Orthis  crassa  James=Pkitystrophia  crassa. 

Orthis  crenistria  Geinit2=Derbya  crassa. 

Orthis  crispata  Emmons =Dalmanella  crispata. 

Orthis  cnmberlandia  Ha]1=Hhipidomella  ciimberlandia. 

Orthis  caueata  Owen=Bhipidomella  cuueata. 
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Orthis  cyclas  Hall=Bhipidomella  cyclas. 

Orthis  cyclus  JamessDalmanella  testadinada  emacerata. 

OrthiB  oypha  Jaine8=Platystrophia  laticosta. 

Orthis  dalyaua  Miller =Bhipidoiiiella  dalyana. 

OrthiB  davidfoni  de  Yemeail.  Anticosti  and  Niagara  (Sil.). 

Orthis  davidsoni  de  Venieail,  Bull.  Soc.  Gdbl.  de  France,  2d  ser.,  V,  1848,  p.  341, 
pi.  4,  fig.  9.— BUlings,  Geol.  Canada,  1863,  p.  312,  fig.  318.— Hall  and  Clarke, 
Pal.  New  York,  VIII,  Pt.  1, 1892,  pp.  192,  193,  221,  228,  pi.  5,  fige.  5-8. 

Orthis  alata  Shaler,  Ball.  Hue.  Comp.  Zool.,  4,  1865,  p.  66. 

Orthis  calligramma  var.  davidsoni  Nicholson  and  Hinde,  Canadian  Jour.,  n.  ser., 
XIV,  1874,  p.  144.— Nicholson,  Pal.  Prov.  Ontario,  1876,  p.  47,  fig.  21g. 

Loc,  Europe;  Anticosti;  Dnndas,  Ontario. 

Orthis  daytonensis  Foerste^Hebertella  daytonensis. 
Orthis  deformis  Hall=Orthothete8  deformis. 

Orthis  (?)  delicatola  Billiugs.  f  Calciferous  (Ord.). 

Orthis  delicatnla  Billings,  Pal.  Fossils,  1, 1866,  p.  217. 
Loc.  Pistolet  Bay  and  near  Portland  Creek,  Newfonndland. 

Orthis  dentata  Meek  (non  Pander) =Platystrophia  crassa. 

Orthifl  (I)  deimopleiira  Meek.  Galciferoas  (Ord.). 

Orthis  coloradoensis  Meek  (non  Shnmard),  Proc.  American  Phil.  Soc,  II,  1870, 

p.  4%. 
Orthis  desmopleura  Meek,  Hayden's  U.  S.  Geol.  Survey  Wyoming,  1872,  p.  295. 
Lac.  Colorado  City  and  Manitou,  Colorado. 

Orthis  dichotoma  Hall=Plectorthis  dichotoma. 
Orthis  discus  nall=Bhipidomella  discus. 
Orthis  disparilis  Conrad = Orthis  tricenaria. 
Orthis  disparilis  Owen=Dalmanella  testudinaria. 

OrthiB  disparilifl  Eayser.  Ordovician. 

Orthis  disparilis  Kayser  (non  Conrad),  Palieontographica,  Suppl.,  Ill,  1876,  p. 

26,  pi.  3,  figs.  4-8. 
Loc,  Potrero  de  los  Angnlos,  etc.,  Argentine  Republic. 
Oha,  Probably  a  new  species. 

Orthis  dubia  Hall=Bhipidomella  dubia. 

Orthis  eboracensis  Miller=Dalmauella  leuticnlaris. 

Orthis  electra  Billings=Dalmanella  electra. 

Orthis  elegautula  Dalmau=Dalmanella  elegantula. 

Orthis  elegantula  parva  Foerste=Dalmanella  elegantula  parva. 

Orthis  ella  Hall=Plectorthis  ella. 

Orthis  emacerata  Hall=Dalmauella  testudinaria  emacerata. 

Orthis  emacerata  Meek  (non  HalI)=Dalmane]la  testudinaria  meeki. 

Orthis  emarginata  Hall=Rhipidomella  oblata  emarginata. 

Orthis  eminens  Hall=RhipidomelIa  eminens. 

Orthis  erratica  Hall=Catazyga  erratica. 

OrthiB  (?)  eryna  Hall.  Gorniferous  (Dev.). 

Orthis  ffiquivalvis  HaU  (non  Hall,  1847),  Tenth  Rep.  New  York  State  Cab.  Nat. 

Hist.,  1867,  p.  109. 
Orthis  eryna  Hall,  Sixteenth  Rep.  Ibidem,  1863,  p.  35;— Pal.  New  York,  IV,  1867, 

corrigenda. 
Orthis  idas  HaU,  Pal.  New  York,  IV,  1867,  p.  42,  pi.  5,  fig.  11. 
Loo.  WilliamsTille^  New  York. 
Oh9.  Possibly  a  species  of  Hipparionyx.  Digitized  by  GoOglc 
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OrUiift  (f )  endoda  Billings.  Calciferoii8  (( 

OrthiH  eudocia  Billings,  Pal.  FossUb,  1,  1862,  p.  83,  fig.  76. 
Lov.  Point  Levitt.  Canada. 
Orthii  (?)  eurekaeiifliB  Walcott.  Upper  Caml 

c  tiiiim  eiirekeuBiB  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  22,  pi.  9 
PniturtliiBf  eurekensis  Hall  and,Clarke,  Pal.  New  York,  VllI,  Pt.  I,  1892, 
Ltm.  Kureka  district,  Nevada. 

Orthii  euryone  Billings.  Calciferous  (i 

Ortliitt  uuryone  BiUings,  Pal.  Fossils,  I,  1862,  p.  78,  fig.  71.— Hall  and  Clark 

Nt'w  York,  VIII,  Pt.  1, 1892,  pp.  221, 228,  pi.  5,  fig.  4. 
Orth  i^  eury one  f  Matthew,  Trans.  Royal  Soc.  Canada,  1893,  p.  101,  pi.  7,  fig.  S 
Lot.  Point  Levis,  Canada;  near  St.  John,  New  Brunswick. 

Uitliis  evadue  Billings =Dalnianella  evadne. 

OrtUiy  lltsciata  Hall=Ortho8tropbia  fasciata. 

OrthiB  lUusta  Foer8te=Hebertella  fausta. 

Ortliis  fi88ico8ta  Meek,  and  Miller =Plectorthis  dichotoma. 

Orthis  Imsicosta  Hall=Plectorthi8  fissicosta. 

OrthiB  (T)  fisdplica  Boemer.  Niagara 

Ortbis  Jlssiplica  Roemer,  Die  silarische  Fauna  des  west.  Tennessee,  1860, 

1.1.5,  fig.  5. 
Lo€.  I*erry  County,  Tennessee. 

Ortbis  flabella  Hall=Ortlii8  flabellites. 

OrtMs  flabellites  Foerste.  Clinton  and  Niagara 

OrtbiH  dftbeUulumf  Hall  (non  Sowerby),  Geol.  N.  Y. ;  Rep.  Fourth  Dist.,  J 

105,  fig.  6. 
Orthiw  flabellulum  var.  Hall,  Pal.  New  York,  II,  1852,  pp.  254, 255,  pi.  52,  fi^ 
OrthiB  Habellulum  Billings,  Canadian  Nat.  Geol.,  I,  1856,  p.  136,  pi.  2,  la 

Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1 

m,  pi.  34,  fig.  30. 
iiTthia  fiabella  Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  34,  figs. 

|*L  35,  figs.  6-8.— Foerste,  Bull.  Denison  Univ.,  I,  1885,  p.  82,  pi.  13, 
OrthiH  oalligramma  Foerste  (non  Dalman),  Proc.  Boston  Soc.  Nat.  Hist., 

1890,  p.  308,  pi.  6,  figs.  4,  5. 
OrthiH  tlabellites  Foerste,  Ibidem,  1890,  p.  311.— Hall  and  Clarke,  Pal.  Ne^ 

VIII,  Pt.  I,  1892,  pp.  221,  227,  pi.  5,  figs.  37^1;  pi.  20,  fig.  1. 
OrthiH   (Dinorthis)   calligramma  Foerste,  Geol.  Ohio,  VII,  1895,  p.  570, 

ligB.  12a,  12b;  pi.  31,  figs.  4,  5;  pi.  37A,  fig.  20. 
Loc.  l.ockport,  Rochester,  etc.,  New  York;  Dayton,  Ohio;  Osgood,  Ii 

l.oulsville,  Kentucky;  Milwaukee,  Wisconsin;  Dundas,  Ontario. 

Ortbia  flabellites  spania  Hall  and  Clarke.  Niagara 

Ortliitt  dabellites  var.  spania  Hall  and  Clarke,  Pal.  New  York,  VIII, 

1^95,  pi.  84,  figs.  10. 
ioc.  Near  Milwaukee,  Wisconsin. 

OrthU  Habellulum  Hall  (non  Sowerby) =Orthis  flabellites. 

OrtMi  (T)  fiava  A.  Wincbell.  Kinderbook  (L.  C 

Orthis  flava  A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1866,  p.  117. 
£ac.  Burlington,  Iowa. 

OrthiB  fu tills  Sardeson=:Dalmauella  testudinaria  futilis. 
OrtliJs  gemmicula  Billings=Ortbidiuui  gemmicula. 
Ortbis  gibbosa  BiUings=Dalmanella  subaequata  gibbosa. 
OrtbJB  goodwini  Nettelrotb=Ehipidoinella  goodwini. 
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Qrihis  (?)  fflypta  Hall  and  Clarke.  Niagara  (SU.)- 

Orthis  f  glypta  HaU  and  Clarke,  Pal.  New  York,  VUI,  Pt.  II,  1895,  p.  369,  pi.  84, 

figs.  8,  9. 
Loe,  Near  Milwaukee,  Wisconsin. 

Ortbis  balli  8aifbrd=:Ortbostropliia  strophoineiioides. 

Orthis  hamburgensis  Walcott=DabnanelIa  bamborgensis. 

Ortbis  barttii  Batbbnn=Rbipidoiiiella  bartti. 

Orthis  (?)  highlandeiudfl  Walcott.  Lower  Cambrian. 

Orthis(  ?)  highlandensis  Walcott,  Bull.  U.  S.  Oeol.  Surrey,  30,  1886,  p.  119,  pi.  8, 

fig.  3. 
Orthis  highlandensis  Walcott,  Tenth  Ann.  Rep.  U.  8.  Geol.  Survey,  1891,  p.  612, 

pi.  72,  fig.  5. 
Loc.  Pioche  and  Highland  Rango,  Neva<1a. 

Ortbis  bipparionyx  nall=Hipparionyx  proximns. 

OrthiB  hippolyte  Billings.  Calciferous  (Ord.). 

Orthis  hippolyte  BiHings,  Pal.  Fossils,  I,  1862,  p.  81,  fig.  73;  p.  2i8.— HaU  and 
Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  pp.  217,  221,  228. 

Orthis  hippolyte f  Meek,  Sixth  Ann.  Rep.  IT.  S.  Geol.  Survey  Terr.,  1873,  p.  464. 

lAkc.  Point  Lrevis  and  Phillii>sburg,  Canada;  Cow  Head,  Newfoundland;  near 
Malade  City,  Utah. 

Orthis  (?)  holatoni  Safford.  Trenton  (Ord.). 

Orthis f  holstoni  (Safford  MS.)  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892, 

pp.  218,  340,  pi.  5A,  figs.  35-37. 
Loc,  Near  Nashville,  Tennessee. 

Orthis  hnmboldti  d'Orbigny.  Silurian. 

Orthis  humboldtii  d'Orbigny,  Voyage  dans  TAm^rique  M^ridionale,  Pal.,  1842, 

p.  27. 
Spirifer  humboldtii  d'Orbigny,  Ibidem,  pi.  2,  figs.  16-20. 
Loc.  Bolivia. 

Ortbis  buroniensis  Castlenau=Eafinesquina  alternata. 

Ortbis  bybrida  Sowerby=Rbipidomella  bybrida. 

Ortbis  idas  HaU = Orthis  eryna. 

Ortbis  idonea  Hall=Ebipidom6lla  idonea. 

Ortbis  ignota  Sardeson==Dalmanella  testudinaria  ignota. 

Ortbis  imperator  BiHings  sHeberteUa  imperator. 

Ortbis  impressa  nall=:IScbizopboria  striatnla. 

Ortbis  inequalis  Hall^Ortbotbetes  inaBqnalis. 

Ortbis  inca  d^Orbigny=Rbipidomel]a  inca. 

Ortbis  infera  Calvin  =DaIinanel1a  infera. 

Ortbis  inscnlpta  nall=Hebertella  insculpta. 

Ortbis  insignis  Hall=Scenidinm  insignis. 

Ortbis  interlineata  Hall  (non  Sowerby)=:Scbizoplioria  tioga. 

Ortbis  interstriata  Hall=Ortbotbetes  interstriatas. 

Ortbis  iowensis  Hall=:Scbizopboria  striatula. 

Ortbis  iowensis  fumarius  Hall=Scbizopboria  striatula. 

Ortbis  ipbigenia  Billings=Dinortbi3  iphigenia. 

Ortbis  jamesi  Hall=Plectortbisjainesi. 

Ortbis  jngosa  Jaines=Dalmanel1a  testndinaria  meeki. 

Ortbis  kankakensis  McCbe8ney=Plectortbis  kankakiensis.^  j 
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Orthi^  kaskaskiensis  McGhesney=Derbya  kaskaskiaensis. 

OrtbJs  kiissubaB  Winchell=DalmaneIla  sabaequata  i)ervetu8. 

OrtbiH  kermicotti  McChesney=Dinorthis  retrorsa. 

Orthis  keokuk  HaIl=Derbya  keoknk. 

Ottliis  hisallensis  McCbe8ney=Derbya  crassa. 

Orthis  laticosta  Meek =Platy atrophia  laticosta. 

Orthia  ( ? )  laticoftata  d'Orbigny .  Dev 

Ortliia  lacticoBtata  d'Orbigny,  Voyage  dans  I'Am^rique  M^ridionale,  Pa] 

p,  39. 
L<fi?.   f  Bolivia. 

OrtliiH  laurentiua  Bil]ings=BiIlingselIat  laurentina. 

OrtMi  lenticQlariB  Wablenberg  ?.  Upper  Cam 

Orthis  lenticnlaris  (Wahl.)  Kayser,  Palseoutographicay  Snppl.,  Ill,  1876, 
1,  figs.  11,  12.— Matthew,  Trans.  Royal  Soc.  Canada,  IX,  1892,  p.  46, 
tigs.  9a-9d. 
lor.  rrovince  Salta  and  Jnjuy,  Argentine  Republic;  near  St.  John,  New 
\v  ick. 

Chtbis  leEticnlariB  atrypoides  Matthew.  Upper  Cam 

OrttiiH  lenticnlaris  var.  atrypoides  Matthew,  Trans.  Royal  Soo.  Canada,  T 

p.  48,  pi.  12,  figs,  lla,  lib. 
Loi\  Kear  St.  John,  New  Brunswick. 

Orthis  lenticnlaris  lyncioides  Matthew.  Upper  Cam 

Orthis  lenticularis  var.  lyncioides  Matthew,  Trans.  Royal  Soc.  Canada,  i: 

p.  49,  pi.  12.  figs.  lOa-lOc. 
Lqc,  Near  St.  John,  New  Brunswick. 

Orthis  lentioolarifl  strophomeiioides  Matthew.  Upper  Cam 

(Jrtliii  lenticnlaris  var.  strophomenoides  Matthew,  Trans.  Royal  Soc.  Cam 

1892,  p.  49,  pi.  12,  figs.  12a,  12b. 
Lor.  Near  St.  John,  New  Brunswick. 

OrtbJH  lenticnlaris  Yanaxem=Dalmanella  lenticnlaris. 
Orthia  leiitiformis  nall=DalmaneIla  lenticnlaris. 
Orthis  Jeutiformis  6wei)=Schizophoria  striatnla. 
Orthis  leonensis  Hall=Dalmanella  teunilineata. 
Orthis  lepida  Hall=Dalinanella  lepida. 

Orthifl  (?)  leptsnoides  Emmons.  Trenton  ( 

Orthis  leptflBnoides  Emmons,  Geol.  N.  Y. ;  Rep.  Fourth  Dist.,  1842,  p.  396 
Lor,  New  York. 
Obs.  Undefined  and  figure  too  poor  for  identification. 

OrthiB  lencosia  Hall=EhipidomelIa  leucosia. 

Oiibi^  limitaris  Vannxem=Leiorhynchns  limitare. 

Orthis  liimeyi  James=OrthorhynchnIa  linneyi. 

Orthis  livia  Billings=EhipidOmel1a  livia. 

Ortbis  lonensis  Walcott=Hebertella  loueusis. 

OrtbJB  loricnla  Hall=Dinorthi8  deflecta. 

OrfcliiB  lucia  Billings =Rhipidomella  lucia. 

Orthis  lynx  Eichwald=Platystrophia  lynx  and  P,  biforata. 

Orthis  maria  Billings =Hebertell a  maria. 

Orthifi  inacfarlanii  Meek=Schizophoria  macfarlanii. 
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Orthis  macleodi  Whitfield ^Dalmanella  macleodi. 

Orthis  macrior  Sarde80D=DalmanelIa  testadinaria  euiacerata. 

Orthis  media  Shaler=Khipidomella  media. 

Orthis  media  N.  H.  Wincbell=Dalmaiiel1a  subfequata  pervetus. 

Orthis  meeki  Miller=Dalmanella  testadinaria  meeki. 

Orthis  menapi»  Hicks.  Galciferous  (Ord.). 

Orthis  menapiie  (Hicks  MS.)  Davidson,  Geol.  Mag.  London,  V,  1868,  p.  314,  pi. 
16,  figs.  24-28.— Matthew,  Trans.  Royal  Soc.  Canada,  X,  1893,  p.  101,  pi.  7, 
figs.  2-6. 

Loe,  England;  near  St.  Johns,  New  Brunswick. 

Orthis  merope  Billing8=Sceiudinm  merope. 

Orthis  michelini  L'Eveill6=Rhipidomel]a  michelini. 

Orthis  michelini  Meek,  1877=Bhipidomella  uevadaensis. 

Orthis  michelini  bnrlingtonensis  Hall=Khipidomelhi  burlingtouensis. 

Orthis  (?)  miima  Billings.  Galciferous  (Ord.). 

Orthis  minna  Billings,  Pal.  Fossils,  I,  1865,  p.  303,  fig.  2M. 
£oe.  Stanbridge,  Quebec,  Canada. 

Orthis  minneapolis  N.  H.  Winchell=Dalmanella  saba^quata. 
Orthis  minnesotensis  Sardeson=Diuorthis  meedsi. 

Orthis  missonriensis  Shamard.  Gape  Girardeau  Limestone  (Sil.). 

Orthis  missouriensis  Shumard,  Geol.  Rep.  Missouri,  1855,  p.  205,  pi.  C,  fig.  9. — 

Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  60. 
Lac,  Two  miles  above  Cape  Girardeau,  Missouri. 

Orthis  missouriensis  Swallow  (non  Shumard) =Kliipidomella  missouri- 
ensis. 
Orthis  mitis  Hall=Bhipidomella  mitis. 
Orthis  morganiana  Derby=Orthotichia  morganiana. 
Orthis  (1)  morrowensis  James.  Lorraine  (Ord.). 

Orthis  (f)  morrowensis  James,  Cincinnati  Quart.  Jour.  8ci.,  I,  1874,  ]>.  21. 

Loc.  Warren  County,  Ohio. 

Orthis  multisecta  (James)  Meek=Dalmanella  multisecta. 
Orthis  multistriata  Hall=Schizophoria  multistriata. 
Orthis  musculosa  Hall=Bhipidomella  musculosa. 

Orthis  (?)  mycale  Billings.  Galciferous  (Ord.). 

Orthis  myoale  Billings,  Pal.  Fossils,  1, 1862,  p.  82,  fig.  75.— Hall  and  Clarke,  Pal. 

New  York,  VIU,  Pt.  I,  1892,  p.  217,  pi.  7A,  figs.  10,  11. 
Loc,  Point  Levis,  Canada. 

Orthis  neglecta  James=Plectorthis  dichotoma. 
Orthis  nettoana  Bathbuu=:Dalmanella  nettoana. 
Orthis  nevadensis  Meek=Bhipidomella  nevadaensis. 

Orthis  (?)  nisis  Hall  and  Whitfield.  Niagara  (Sil.). 

Orthis  nisis  Hall  and  Whitfield,  Twenty-fourth  Rep.  N.  Y.  State  Cab.  Nat.  Hist., 
1872,  p.  181;— Twenty-seventh  Rep.  Ibidem,  1875,  pi.  9,  figs.  4-8.— Nettel- 
roth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  42,  pi. 
27,  figs.  4,  5.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  217. 

Loc,  LouisviUe,  Kentucky. 

Orthis  nucleus  Hall=AmbocoBlia  umbonata. 
Orthis  oblata  Hall=Bhipidomella  oblata. 

Bull.  87 19  ^  . 
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OrtliiB  f>ljlata  emarginata  Hall=Bhipidomella  oblata  emarginata. 

OrtMi  obtusa  Pander.  Ordovi 

Orthie  obtusa  (Pander)  Kayser^  Palieontographica,  Sappl.,  Ill,  1876,  p.  19, 

ligfl.1,2. 
Loe.  Europe;  CordiUere  San  Jaan,  Argentine  Republic. 

OrtliiB  occasas  HaU=Rhipidomella  occasus. 

Ortbi^  occidentalis  HalI=Hel>ertella  occidentalis.  . 

Orthis  orthambonites  Billing8=0.  panderiana. 

Oft  his  palmata  Sharpe  and  Salter=Anoplotheca  flabellites. 

OrtbiB  pundoriana  Hall  and  Clarke.  Calciferons  (C 

r>rtbii^  orthambonites  Billings  (non  Murchison  and  de  Vemenil),  Pal.  Foss 
1862,  p.  77,  fig.  70;— Geol.  Canada,  1863,  p.  231,  fig.  245.— Sohnchert,  ] 
Ann.  Rep.  N.  Y.  State  Geol.,  1890,  p.  43.— Hall  and  Clarke,  Pal.  New 
Mil,  Pt.  I,  1892,  pp.  221,228,  pi.  5,  figs.  1-3.— Matthew,  Trans.  Royal 
C^anada,  X,  1893,  p.  101,  pi.  7,  tig.  4. 
Orthin  panderiana  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.   I,  1892,  ] 

fiMjtnote. 
Lot\  Point  Levis  and  St.  John,  Canada. 

Orthis  parva  de  Verneuil=Dalmanella  clegantala. 
Orthis  ]>©co8i  Marcou=Rhipidoinella  pecosi. 

Orthii  (?)  pectinata  d'Orbigny.  Devoi 

Orthis  pectinatus  d'Orbigny,  Voyage  dans  PAm^rique  M6ridionale,  Pal., 

.     p.  39. 
Spirifer  pectinatus  d'Orbigny,  Ibidem,  1842,  pi.  2,  figs.  13-15. 
Loe.  Lake  Titicaoa,  Bolivia. 
Ohti.  Probably  a  species  of  Orthothetes. 

Orthis  ]Kictinella  Einmon8=Dinorthi8  pectinella. 

Orthis  pectinella  Whitfield,  1882=Plectorthi8  whitfieldi. 

Orthis  pectinella  semiovalis  Hall=Dinorthi8  pectinella. 

Orthis  ]»edunculari8  Hall=Schizophoria  pedancalaris. 

Orthis  peloris  nall=Bhipidomella  peloris. 

Orthis  penelope  Hall=Bhipidomella  penelope. 

Orthis  penniana  Derby =Rhipidomella  penniana. 

Orthia  jiennsylvanica  Simpson =Ehipidomella  pennsylvanica. 

Orthis  j>epina  Hall=Billing8ella  coloradoensis. 

Orthis  ]>erelegans  nall=Dalmanella  perelegans. 

Orthis  perversa  Hall=Orthotheteschemungen8i8  i)erver8U8. 

Orthis  perveta  Conrad =Dalmanella  subaequata  pervetas. 

Orthis  perveta  Hall,  1883=Dalmanella  subaequata. 

Orthis  petrae  Sarde8on=Dinorthi8  proavita. 

Orthis  ( !)  pigra  Billings.  Chazy  (C 

Ortbitt  piger  Billings,  Canadian  Nat.  Geol.,  FV,  1859,  p.  442. 
Loc.  Mingan  Island. 
Ohs.  This  species  is  probably  congeneric  with  Billingsella  grandseva. 

Orthis  ]»i8um  Hall  (non  Murchi8on)=Nucleospira  pisiformis. 
Orthis  pliina  Gastelnau  (non  Pander) =Bafinesquina  alternata. 
Orthis  i»hmoconvexa  Hall=Dalmanella  planiconvexa. 
Orthis  platys  Billings =Dinorthi8  platys. 
Orthis  plicata  Vanuxem=Spirifer  vanuxemi. 
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Orthis  plicatella  White  (non  Hall)=Orthis  tricenaria. 

Orthis  plicatella  Hal1=Plectorthis  plicatella. 

Orthis  pogonipensis  Hall  and  Whitfield =Dalmanella  pogonipensis. 

Orthis  porcata  McCoy =Dinorthi8  porcata. 

Orthis  (?)  poieia  Billings.  Ohazy  (Ord.). 

Orthis  porcia  BUlings,  Canadian  Nat.  GeoL,  IV,  1859,  p.  439,  tigs.  16-18;— Geol. 

Canada,  1863,  p.  ISO,  fig.  58. 
Loc.  Near  Montreal.  Canada. 

Orthis  i)orrecta  Sardeson=Dalmauella  testudiuaria  iK>rrecta. 

Orthis  prsenmbona  Hall= Ambocoelia  praBumbona. 

Orthis  pratteni  McChe8ney=Derbya  pratteni. 

Orthis  pravos  Hall=Orthothetes  pravus. 

Orthis  propinqua  Hall=Schizophoria  propinqua. 

Orthis  propinqua  Nettelroth=Schizophoria  striatula. 

Orthis  (I)  pnmila  Ulrich.  Lorraine  (Ord.). 

Orthis  eostata  (non  Sowerby)  Hall,  American  Jour.  8ci.,  XLVIII,  1845,  p.  295.— 

Miller,  Cincinnati  Qaart.  Jonr.  Sci.,  II,  1875,  p.  33. 
Orthis  pomila  Ulrich,  Catalogue  Cincinnati  Fossils,  1880,  p.  14. 
Orthis  cincinnatiensis  Miller,  American  Pal.  Fossils,  2d  ed.,  1883,  p.  296. 
Loe.  Cincinnati,  Ohio. 
Orthis  (?)  pnnctostriata  Hall.  Niagara  (Sil.). 

Orthis  punctostriata  Hall,  Pal.  New  York,  II,  1852,  p.  254,  pi.  52,  fig.  5. 
Orthis!  punctostriata  Hall  and  Clarke,  Ibidem,  VIII,  Pt,  I,  1892,  p.  217,  pi.  20, 

figs.  2-4. 
Lac.  Lockport,  New  York. 

Orthis  pyramidalis  Hall=Scenidiam  pyramidalis. 

Orthis  qaacoensis  Matthew=BilUugsella  qaaooensis. 

Orthis  qnadrans  Hall=Dalmanella  quadrans. 

Orthis  qoadricostata  Yanuxem=Leiorhynchus  qnadricostatum. 

0rtlii8(?)  renmioha  N.  H.  Winchell.  Upper  Cambrian. 

Orthis  remnioha  N.  H.  Winchell,  Fourteenth  Ann.  Bep.  Geol.  Nat.  Hist.  Survey 

of  Minnesota,  1886,  p.  317,  pi.  2,  fig.-  7. 
Loc,  Red  Wing,  Minnesota;  Cold  Creek  Canyon,  Burnett  County,  Texas. 

Orthis  resapinata  Hall,  1843  (non  Martin) =Schizophoria  talliensis. 

Orthis  resapinata  Martin =Scbizophoria  resapinata. 

Orthis  resapinata  latirostrata  Toula=Schizophoria  cora. 

Orthis  resapinoides  Cox=Schizophoria  resnpinoides. 

Orthis  retrorsa  Salter=Dinorthis  retrorsa. 

Orthis  rhynchoneUiformis  Shaler=Bhipidomella  rhynchonelliformis. 

Orthis  richmonda  McGhesney=Derbya  crassa. 

Orthis  robasta  Hall=Derbya  robasta. 

Orthis  rogata  Sardeson=:Dalinanella  testadinaria. 

Orthis  (I)  mgipUcata  Hall  and  Whitfield.  Niagara  (Sil.). 

Orthis  ragasplicata  Hall  and  Whitfield,  Twenty-fourth  Rep.  N.  Y.  State  Cah.  Nut. 
Hist.,  1872,  p.  182;— Twenty-seventh  Eep.  Ibidem,  1875,  pi.  9,  figs.  1-3.— 
Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  34,  figs.  25-27.— Nettel- 
roth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  44,  pi. 
27,  figs.  1-3. 

Orthis  rugiplicata.  Hall  and  Chirke,  PaL  New  York,  YIU,  Pt.  1, 1892,  p.  217. 

L«c.  Louisville,  Kentucky.  Digitized  by  VjOOglC    * 
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Orthis  (?)  mida  Billinga.  Anticosti  ( 

<irthi8  rnida  Billings,  Catalogue  Silarian  Fossils  of  Anticosti,  1866,  p.  42. 
Loc,  Anticosti. 

OrthiB  (?)  saffordi  Hall  and  Clarke.  Trenton  (C 

i  irthis  f  saffordi,  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  211 

pi.  5A,  figs.  38-40. 
Loc.  **  East  Tennessee." 

OrthiB  (?)  BalemensiB  Walcott.  Lower  Camb 

( )rthis  salemensis  Walcott,  American  Jour.  Sci.,  3d  ser.,  XXXIV,  1887,  p.  I 
1,  fig.  17;— Tenth  Ann.  Rep.  U.  S.  Geol.  Survey,  1891,  p.  612,  pi.  72,  fig 
Loc,  Washington  County,  Now  York ;  near  Quebec,  Canada. 

OrthiB  BaltenBiB  Kayser.  Upper  Camb 

Mrthis  saltensis  Kayser,  Pala>ontograpbica,  Suppl.,  Ill,  1876,  p.  8,  pi.  1,  fig 
f.oc.  Province  Salta  and  Jujuy,  Argentine  Republic. 

OrthiB  (??)  Bandbergeri  N.  H.  Winchell.  Upper  Camb 

Orthis  sandbergeri  N.  H.  Winchell,  Fourteenth  Ann.  Rep.  Geol.  Nat.  Hist. 

vey  of  Minnesota,  1886,  p.  318,  pi.  2,  figs.  8,  9. 
Loo,  Red  Wing,  Minnesota. 

OrthiH  schohariensis  Castelnau=Strophonella  schobariensis. 

Ortliis  scovilli  Miller=Hebertella  scovilli. 

Ortbis  sectostriata  Ulrich=Plectortbi8  sectistriata. 

Orthis  semele  Hall=Rbipidoniella  semele. 

Orthis  sinuata  Hall=Hebertella  sinaata. 

OrthiB  (?)  Bola  Billings.  Lorraine  (C 

ftrtbissola  Billings,  Catalogue  Silurian  Fossils  of  Anticosti,  1866,  p.  12. 
Loc,  Anticosti. 

Oi  tliis  solitaria  Hall=Kbipidoniella  solitaria. 

1  h  tliis  stoneusis  Safibrd=Dalmanella  stonensis. 

Ortbis  striatocostatii  Geinitz=Meekella  striaticostata. 

Orthis  striatala  Emmons  (non  Scblotheim)  =  Dalmauella  testndina 

Ortbis  striatala  of  aatbors=:Scbizophoria  striatula. 

Orthis  stropbomenoides  Hall=Orthostrophia  strophomenoides. 

Orthis  subtTquata  Conrad =Dalmanella  sub jequata. 

Ortbis  sabcarinata  Hall  =  Dal manella  subcarinata. 

Ortbis  sabcircala  Simpson =Bhipidomella  subcircalus. 

Orthis  subelliptica  White  and  Whitfield =Rbipidomella  snbellipti 

Ortbis  sabjagata  Hall=:Hebertella  occidentalis. 

OrthiB  (?)  BubnodoBa  Hall.  Niagara  ( 

( ^rthis  subnodosa  Hall,  Descriptions  of  n.  sp.  Fossils  from  Waldron,  Indiana, 
p.  14;— Eleventh  Rep.  State  Geol.  Indiana,  1882,  p.  286,  pi.  27,  fig. 
Trans.  Albany  Institute,  X,  1883,  p.  70.— Nettelroth,  Kentucky  Foasil  S 
Mem.,  Kentucky  Geol.  Survey,  1889,  p.  44. 

Loc.  Waldron,  Indiana;  Louisville,  Kentucky. 

Ortbis  suborbicularis  Hall=Rbipidomella  saborbicolaris. 
Ortbis  subqaadrata  Hall=Dinortbis  subqaadrata. 
Orthis  subumbona  Hall=Martinia  subamboua. 
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snliyanti  Morris  and  Sharpe.  Lower  Devonian. 

siiUvauti  Morris  and  Sharpe,  Qaart.  Jour.  G«ol.  800.  Loodon,  II,  1846^  p. 

,  pi.  10,  fig.  1. 

ilkland  Islands ;  South  Africa. 

allovi  Hall=Schizophoria  swallovi. 

eeneji  Winchell=Dinorthi8  pectinella  sweeneyi. 

tennidens  Hall.  Clinton  (Sil.). 

tenaidens  Hall,  Pal.  New  York,  II,  1852,  p.  68,  pi.  20,  fig.  9. 

leida  County*,  New  York. 

I J  be  a  species  of  Orthothetes. 

enuis  Morris  and  Sharpe.  Lower  Devonian. 

fcenuis  Morris  and  Sharpe,  Quart.  Jonr.  Geol.  Soo.  London,  II,  1846,  p.  275, 

LO,  fig. 4;  pi.  11,  fig.  4. 

Ikland  Islands. 

nilar  to  Chonostrophia  oomplanata  Hall. 

tenuistriata  Hall.  Portage  (Dev.). 

enuistriata  HaU,  Geol.  N.  Y. ;  Rep.  Fourth  Dist.,  1843,  p.  245,  fig.  3. 
ores  of  Crooked  Lake,  New  York. 
is  is  not  an  Orthis;  probably  a  pelecypod. 

sns  Sardeson=rDalmanella  tersa. 
tudinaria  Dalinan=Dalmanel1a  testndinaria. 
tudinaria  Owen,  1844=6.  tricenaria. 
Bmii  Wliite=Eliipidomella  thieuiei. 
^a  Hall=Schizoplioria  tioga. 

naria  Conrad.  Trenton  (Ord.). 

ricenaria  Conrad,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  I,  1843,  p.  333.— 
:,  Pal.  New  York,  I,  1847,  p.  121,  pi.  32,  fig.  8.— Salter,  Canadian  Organic 
tains,  Decade  1, 1859,  p.  39,  pi.  9,  figs.  l-4.'-Han,  Geol.  Wisconsin,  1, 1862, 
i,  figs.  8-11.— Bmings,  Geol.  Canada,  1863,  p.  167,  fig.  151.— Hall,  Second 
.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  35,  figs.  1^.— f  Walcott,  Mon.  I  J.  S.  Geol. 
rey,  VIII,  1884,  p.  74,  pi.  11,  fig.  4.— Hall  and  Clarke,  Pal.  New  York,  VIII, 
[,  1892,  pp.  191,  193,  221,  228,  pi.  5,  figs.  9-14.— Winchell  and  Schuchert, 
aesota  Geol.  Survey,  III,  1893,  p.  418,  pi.  32,  figs.  18-23.— Keyes,  Geol. 
ey  Missouri,  V,  1895,  p.  60,  pi.  39,  fig.  4.— Whiteavee,  Pal.  Fois.,  Ill,  Pt. 
1897,  p.  175. 

isparilis  Conrad,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  I,  1843,  p.  333.— 
,  Pal.  New  York,  I,  1847,  p.  119,  pi.  32,  fig.  4.— Billings,  Canadian  Nat. 
.,  IV,  1859,  p.  440,  fig.  20.— Hall,  Geol.  Wisconsin,  I,  1862,  p.  435.— Bill- 
,  Geol.  Canada,  1863,  p.  130,  fig.  60.— HaU  and  Clarke,  Pal.  New  York, 
,  Pt.  I,  1892,  pp.  191,221,228. 
eatudinariaf  Owen,  Geol.  Expl.  Iowa,  Wisconsin,  and  Illinois,  1844,  pi. 

ig.  11. 

plicateUa  White  (non  Hall),  Wheeler's  Expl.  and  Survey  west  100th 
id.,  IV,  1875,  p.  72,  pi.  4,  fig.  10. 

leral  Point,  Wisconsin;  Middleville,  etc..  New  York;  Kentucky;  Ten- 
se; near  Ottawa  and  Montreal,  Canada;  Mingan  Islands;  Lake  Winni- 
Manitoba ;  White  Pine  and  Eureka  districts,  Nevada ;  Minneapolis,  etc., 
lesota;  Pike-County,  Missouri. 

>licatella  White  and  O.  tricenaria  Walcott  may  prove  to  be  distinct 
O.  tricenaria  Conrad. 
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Orthis  (1)  trinnclenB  Hall.  Clinton  ( 

Orthis  trinncteus  Hall,  Pal.  New  York,  II,  1852,  p.  58,  pi.  20,  fig.  8. 
Loc,  Wayne  County,  New  York. 

Orthis  triplicatella  Meek=Plectorthi8  triplicatella. 

Orthis  (t)  tritonia  Billings.  Galciferoas  (€ 

Orthis  tritonia  BilliDgs,  Pal.  Fossils,  I,  1862,  p.  76,  fig.  69;— Geol.  Canada, 

p.  231,  fig:  244.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p 

pi.  7A,  figs.  12, 13. 
Loc.  Point  Levis,  Canada. 

Orthis  tubulostriata  Hall=Khipidome]la  tubulistriata. 

Orthis  tolliensis  Yanaxem=Schizophona  tulliensis. 

Orthis  uberis  BilliDgs=Rhipidomella  uberis. 

Orthis  umbonata  Conrad =Amboc(jelia  umbonata. 

Orthis  umbraculum  Owen  (non  von  Buch)=Derbya  robnsta. 

Orthis  umbracnlom  Hall,  1852,  Newberry,  1861=Orthothetes  uml 

ulum. 
Orthis  unguiculus  Hall,  1843  (non  Phillips) =Amboc<Blia  gregaria. 
Orthis  nnguiformis  Casteluau,  and  Emmons=Hipparionyx  proxim 
Orthis  vanuxemi  Hall=Bhipidomella  vannxemi. 
Orthis  vannxemi  pnlchella  Herrick=Rhipidomella  vannxemi  pnlcl 
Orthis  varica  Conrad =Bilobites  varicns. 

Orthis  vespertilio  Sowerby. 

Orthis  vespertilio  (Sowerby)  Kayser,  PalsBontographica,  Snppl 

pi.  3,  figs.  22,23. 
Loc.  Europe ;  Potrero  de  los  Angiilos,  etc.,  Argentine  Repnblic. 

Orthis  whittieldi  N.  H.  Winchell=Plectorthis  whitfieldi. 
Orthisina  d'Orbigny=Clitambonites. 
Orthisina  alberta  Walcott=Billingsella  alberta. 
Orthisina  altemata  Hall=Orthothetes  chemnngensis  perversns. 
Orthisina  americana  Whitfield==Glitambonites  diversns. 
Orthisina  arctostriata  Hall=Orthothetes  chemnngensis  arctistriat 
Orthisina  crassa  Meek  and  Hayden=Derbya  crassa. 
Oi*thisina  diversa  Shaler=Clitambonites  diversns. 
Orthisina  festinata  Billings=BilliQgsella  festinata. 
Orthisina  grandaeva  Billings=Billingsella  grandsBva. 
Orthisina  missonriensis  Swallow=Meekella  striaticostata. 
Orthisina  transversa  Walcott=Billing8ella  transversa. 
Orthisina  vemenili  Billings=Clitambonites  diversns. 

OKTHORHTVCHTJLA  Hall  and  C.     Genotype  Orthis  ( T)  linneyi  Ja 
Orthorhynchnla  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  181  ;- 
teenth  Ann.  Rep.  N.  Y.  State  Geologist,  1895,  p.  824. 

Chrthorhynchula  linneyi  (James).  Lorraine  (0 

Orthis  (!)  linneyi  James,  The  Paleontologist,  5,  1881,  p.  41. 

Orthis  linneyi  Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Sn 

1889,  p.  41,  pi.  34,  figs.  7-18;  errata,  p.  1. 
Orthorhynchnla  linneyi  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  18! 

181,  pi.  56,  figs.  10-13,  19. 
Loc.  Near  Danville,  etc.,  Kentucky;  Cincinnati,  Ohio;  Nashville,  Tennessi 
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OBTHOBTSOPHIA  HalL  Genotype  Orthis  strophomenoides  HalL 

Orthostrophia  Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  36,  figs. 
32-^.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  pp.  199,  223, 
253;— Eleventh  Ann.  Rep.  N.  Y.  State  Geologist,  1894,  p.  267. 

Orihortrophia  (!)  ikadata  Hall.  Niagara  (Sil.)- 

Orthis  fasciata  HaU,  Pal.  New  York,  II,  1852,  p.  255,  pi.  52,  fig.  8. 
•  Orthostrophia  f  laseiata  HaU  and  Clarke,  Pal.  New  York,  YUI,  Pt.  I,  1892, 
pp.  200,  223. 
Xoo.  Rochester  and  Lookport,  New  York. 

Orthoftrophia  strophomenoides  Hall.  Lower  Helderberg  (Dev.). 

Orthis  strophomenoides  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p. 

46;— Pal.  New  York,  III,  1859,  p.  177,  pi.  14,  tig.  2. 
Orthis  halli  Safford,  Geol.  Tennessee,  1869,  pp.  328,  533. 
Orthostrophia  strophomenoides  Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883, 

pL  36,  figs.  32-34.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  pp. 

200,  223,  pi.  5A,  figs.  24-27;  pi.  6,  figs.  3t-34. 
Orthostrophia  haUi  Hall  and  Clarke,  Pal.  New  York,  VIlI,  Pt.  I,  1892,  pi.  5A, 

figs.  22,  23. 
Loc.  Albany  and  Schoharie  counties.  New  York;  Square  Lake,  Maine;  Perry 

Connty,  Tennessee. 

OBTHOTHETES  Fischer  de  Wald.     6enotyi>e  Spirifera  crenistria  Phil. 

Orthothetes  Fischer  de  Waldheim,  Oryctographie  du  Gonvemement  de  Moscon, 
1837,  p.  133.— Waagen,  Palroontologica  Indica,  Ser.  XIII,  I,  p.  607,  1884.— 
Hall  and  Clarke,  ^Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  253 ;— Eleventh  Ann. 
Rep.  N.  Y.  State  Geologist,  1894,  p.  284. 

Streptorhynchns  Hall  (non  King),  Sixteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist., 
1863,  p.  61,  figs.  1-6;— Pal.  New  York,  IV,  1867,  p.  64.— Nettehwth,  Kentucky 
Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  139. 

Orthothetes  aganizi  (Bathbun).  Middle  Devonian. 

Streptorhynchns  agaseizi  (Hartt)  Rathbun,  Bull.  Bufialo  Soc.  Nat.  Sci.,  I,  1874, 

p.  248,  pi.  9,  figs.  3,  4,  10,  16, 17,  23,  25,  26,  28-30;— Proc.  Boston  Soc.  Nat. 

Hist.,  XX,  1879,  p.  24. 
Loc.  Erere,  Province  of  Para,  Brazil. 

Orthoihetet  anomalns  (A.  Winchell).  Hamilton  (Dev.). 

Crania  (Pseudocrania)  anomala  A.  Winchell,  Geol.  Rep.  Lower  Peninsula  Mich- 
igan, 1866,  p.  92. 

Streptorhynchus  anomala  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892, 
p.  152. 

Loc.  Grand  Traverse  region,  Michigan. 

Orthothetes  beUidnB  Clarke.  Marcellus  (Dev.). 

Orthothetes  bellulns  Clarke,  Thirteenth  Ann.  Rep.  N.  Y.  State  Geologist,  1895, 

pp.  176,  187,  pi.  4,  figs.  2-4. 
Loc.  Livonia  salt  shaft,  Livonia,  New  York. 

Orthothetes  chemnngensis  (Conrad).  Chemung  (Dev.). 

Strophomena  chemnngensis  Conrad,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  VIII, 

1842,  p.  257,  pi.  14,  fig.  12. 
Strophomena  bifnrcata  Hall,  Geol.  N.  Y.;  Rep.  Fourth  Dist.,  1843,  p.  266,  fig.  2. 
Strophomena  pectinacea  Hall,  Ibidem,  1843,  p.  266,  fig.  4. 
Streptorhynchus  chemnngensis  Hall,  Pal.  New  York,  IV,  1867,  p.  67; — Second 

Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  40,  fig.  9.— Waloott,  Mon.  U.  S.  Geol. 

Survey,  VIII,  1884,  p.  117,  pi.  13,  fig.  16. 
Streptorhynchus  chemnngensis  var.  pectinacea  Hall,  Pal.  New  York,  IV,  1867,  p. 

73,  pi.  10,  fig.  6. 
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Orthothetes  chemnngeiiBiB  (Conrad) — Gontinaed. 

Orthothetes  chemuDgeDsis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p. 

255,  pi.  10,  fig.  9;  pi.  IIA,  fig.  14.— Whiteaves,  Cont.  Canadian  Pal.,  I,  1892, 

p.  285. 
Loo.  New  York  and  Pennsylvania;  Eureka  district,  Nevada;  Lake  Winnipego- 

sis,  Canada ;  Waverly  group  of  Ohio. 

Orthothetes  chemungenns  arctistriatuB  Hall.  Hamilton  (De>^). 

Strophomena  arctostriata  Hall,  Geol.  N.  Y. ;  Rep.  Fourth  Diet.,  1843,  p.  266,  fig.  3. 
Orthisina  arctostriata  Hall,  Thirteenth  Kep.  N.  Y.  State  Cab.  Nat.  Hist.,  1860, 

pp.  80,  81,  figs.  1,2;  p.  112. 
Streptorhynchus  ohemungensis  var.  arctostriata  Hall,  Pal.  New  York,  IV,  1867, 

p.  71,  pi.  9,  figs.  1-12;— Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  40, 

fig.  8. 
Hemipronites  chemnngensis  var.  arctostriata  Meek,  King's  U.  S.  Geol.  Expl.  40th 

Pari.,  IV,  1877,  p.  35,  pi.  3,  fig.  2. 
Streptorhynchus  arctostriata  Walcott,  Mon.  U.  8.  Geol.  Survey,  VIII,  1884,  p. 

117,  pi.  13,  fig.  7.— Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol. 

Survey,  1889,  p.  140,  pi.  31,  figs.  31-33. 
Orthothetes  chemnngensis  var.  arctostriata  Hall  and  Clarke,  Pal.  New  York, 

VIII,  Pt.  I,  1892,  pi.  10,  fig.  8. 
Loc.  New  York ;  Falls  of  Ohio-;  Eureka  district,  Nevada. 

Orthothetes  chemnngensis  perversns  (Hall).  Cornif.  and  Ham.  (Dev.). 

Orthis  perversa  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  137. 
Orthisina  altemata  Hall,  Thirteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1860,  p. 

81,  figs.  1,2;  p.  112. 
Streptorhynchus  ohemungensis  var.  perversns  Hall,  Pal.  New  York,  IV,  1867,  p. 

72,  pi.  9,  figs.  13-17,  26. 
Streptorhynchus  chemnngensis  var.  altemata  Hall,  Second  Ann.  Rep.  N.  Y.  State 

Geol.,  1883,  pi.  40,  fig.  7. 
Orthothetes  ohemungensis  var.  alternata  Hall  and  Clarke,  Pal.  New  York,  VIII, 

Pt.  1, 1892,  pi.  10,  tig.  7. 
Loc,  New  York;  Bosanquet,  Ontario;  Eureka  district,  Nevada. 

Orthothetes  crenistria  (Phillips!).  Lower  Carboniferoas. 

Streptorhyuchns  crenistriaf  A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia, 

1862,  p.  410. 
Streptorhynchus  crenistria  Davidson,  Quart.  Jour.  Geol.  Soc.  London,  XIX,  1863, 

p.  173,  pi.  9,  fig.  19.— Dawson,  Acadian  Geology,  3d  ed.,  1878,  p.  296,  fig.  96.— 

Etheridge,  Quart.  Jour.  Geol.  Soc.  London,  XXXIV,  1878,  p.  362. 
Hemipronites  crenistria?  Meek,  Pal.  Ohio,  II,  1875,  p.  279,  pi.  10,  fig.  5. 
Hemipronites  crenistria  Meek,  King's  U.  S.  Geol.  Expl.  40th  Pari.,  IV,  1877,  p. 

pi.  7,  fig.  2.— Herrick,  Bull.  Denison  Univ.,  Ill,  1888,  p.  37,  pi.  5,  fig.  14;  pi. 

3,  fig.  24;  pi.  6,  fig.  8;  pi.  9,  fig.  21;  IV,  p.  24,  pi.  2,  figs.  1,5;— GeoL  Ohio, 

VII,  1895,  pi.  15,  fig.  1 ;  pi.  21,  fig.  14. 
Orthothetes  crenistria  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  255, 

pi.  IIA,  fig.  15. 
Loc.  Medina  and  Granville,  Ohio;  Port  aux  Barques,  Michigan ;  East  River  and 

Shubenacadie,  Nova  Scotia;  Feilden  Isthmus,  lat.  82^  43';  White  Pine  dis- 
trict, Nevada. 
Ohi,  These  references  are  unsatisfactory  identifications  of  Phillips's  species.     It 

may  prove  that  more  than  a  single  species  is  here  included. 

Orthothetes  deformis  Hall.  Lower  Helderberg  (Dev.). 

Orthis  deformis  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  44;— Pal. 
New  York.  Ill,  1859,  p.  174,  pi.  lOA,  fig.  13;  pi.  15,  fig.  3. 
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Orthothetes  defomus  Hall — Continued. 

Streptorhynchofi  deformus  Hall,  Second  Ann.  Rep.  N.  Y.  State  (leol.,  1883,  pi.  39, 

fig.  32. 
OrthotheteB  deformiB  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  255, 

pi.  9,  fig.  32. 
Zoc.  Albany  Coonty,  New  York;  Cumberland,  Maryland. 

Orthothetet  deformii  nnnatiu  Hall  and  Clarke.   Lower  Ilelderberg  ( Dev.). 
Orthothetes  deformis  var.  sinnata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I, 

1892,  pi.  20,  figB.  8,  9. 
Loc.  Comberlandy  Maryland. 

Orthothetes  dedderatiu  Hall  and  Clarke.  Waverly  (L.  Carb.). 

Orthothetes  desideratus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p. 

345,  pi.  9A,  figs.  26,  27. 
Loc,  Medina  Connty,  Ohio. 

0rthothet68  flabellnm  (Whitfield).  Corniferoas  (Dev.) 

Streptorhynchus  flabellum  Whitfield,  Aunals  N.  Y.  Acad.  Sci.,  II,  1882,  p.  200;— 
Ibidem,  V,  1891,  p.  521,  pi.  6,  tigs.  7,  9;— Geol.  Ohio,  VII,  1895,  p.  421,  pi.  2, 
tgf^.  7,  9. 
Loe.  ColumboB,  Ohio. 

Orthothetes  hydranUooB  (Whitfield).  Waterlime  (Sil.). 

Streptorhynchus  hydranlicnm  Whitfield,  Anuals  N.  Y.  Acad.  Sci.,  II,  1882,  p. 

193;— Ibidem,  V,  1891,  p.  508,  pi.  5,  figs.  1-3;— Gool.  Ohio,  VII,  1895,  p.  410, 

pi.  1,  figs.  1-3. 
Loc,  Bellville  and  Greenfield,  Ohio. 

Orthothetes  in»qiialis  Hall.  Kinderhook  (L.  Carb.). 

Orthis  ineqnalis  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  490,  pi.  2,  fig.  6. 
Streptorhynchus  ineqnalis  A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1865, 

p.  117. 
Streptorhynchus  eqnivalvis  Hall  and  Whittield,  King's  17.  S.  Geol.  Kxpl.  40th 

Pari.,  IV,  1877,  p.  252,  pi.  4,  figs.  1,  2. 
Streptorhynchns  teqnivalvis  Hall,  Second  Ann.  Kop.  N.  Y.  State  Geol.,  1883,  pi. 

42,  figs.  20-23. 
Orthothetes  ineequalis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  pi.  9A, 

figs.  20-23. 
Loc.  Burlington,  Iowa;  Newark  and  Granville,  Ohio;  Shafers,  Pennsylvania; 

Wasatch  Range,  Utah. 

Orthothetes  inflatns  (White  and  Whitfield).  Kinderhook  (L.  Carb.). 

Streptorhynchus  inflatus  White  and  Whitfield,  Proc.  Boston  Soc.  Nat.  Hist., 

VIII,  1862,  p.  293.— Hall  and  Whitfield,  King's  U.  S.  Geol.  Expl.  40  Pari., 

IV,  1877,  p.  252,  pi.  4,  fig.  3.— Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol., 

1883,  pi.  42,  figs.  24,  25. 
Orthothetes  inflatus  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  9A, 

figs.  24,  25. 
Loc.  Burlington,  Iowa;  Dry  Canyon,  Oquirrh  Mountains,  Utah;  Montana. 

Orthothetes  interstriatus  (Hall).  Coralline  (Sil.). 

Orthis  interstriata  Hall,  Pal.  New  York,  II,  1852,  p.  326,  pi.  74,  figs.  1,  2. 
Loc.  Schoharie,  New  York. 

Orthothetes  lens  (White).  Kinderhook  (L.  Garb.). 

Streptorhynchus  lens  White,  Proc.  Boston  Soc.  Nat.  Hist.,  IX,  1862,  p.  28.— 

Keyes,  Gool.  Survey  Missonri,  V,  1895,  p.  67,  pi,  39,  fig.  2. 
Streptorhynchus  lens  f  A.  Winchell,  Proc.  Acad.  Nat,  Sci.  Philadelphia,  1865,  p. 

117. 
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Orthothetes  lens  (White)— Continued- 

Orthothotee  lens  HaU  and  Clarke,  Pal.  New  York,  VUI,  Pt.  I,  1892,  p.  2& 

llA,  figs.  16-22. 
Loo,  ClarksviUe,  etc.,  Missouri;  Hamborg,  Illinois;  Medina  County,  Ohio  ( 

chell). 

Orthothetes  pandora  (Billings).  Upper  Helderberg  (D 

Strep torhynchus  pandora  Billings,  Canadian  Jour.,  V,  1860,  p.  226,  figs.  12, : 

Geol.  Canada,  1863,  p.  369,  fig.  384.— Nicholson,  Pal.  Prov.  Ontario,  1874,  ] 
Streptorhynchus  chemungensis  var.  pandora  Hall,  Pal.  New  York,  IV,  186 

68,  pi.  4,  figs.  11-19;  pi.  9,  figs.  18-25,  27;— Second  Ann.  Rep.  N.  Y.  i 

Geol.,  1883,  pi.  40,  figs.  1-6. 
Orthothetes  chemungensis  var.  pandora  Hall  and  Clarke,  Pal.  New  York,  ^ 

Pt.  I,  1892,  p.  255,  pi.  9,  fig.  30;  pi.  10,  figs.  1-6. 
Loc.  Schoharie,    Knoxville,    Clarksville,    etc.,   New  York;    Cayuga,  Got 

Columbus,  Ohio  (Whitfield) ;  Eureka  district,  Nevada. 

Orthothetes  pravns  Hall.  ( fUpper)  DevoB 

Orthis  piava  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  490. 

Orthothetes  prava  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  25! 

IIA,  fig.  13. 
Loo,  Lime  Creek,  Worth  County,  Iowa. 

Orthothetes  suhplanns  (Conrad).       Niagara  and  L.  Held.  (Sil.  and  D< 
Strophomena  subplana  Conrad,  Jour.  Acad.  Nat.  Sci.,  Philadelphia,  VIII, 

p.  258.— Hall,  Geol.  N.  Y.;  Rep.   Fourth  Dist.,  1843,  p.  104,  fig.  1;— Tw 

Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1859,  p.  82. 
Leptwna  subplana  HaU,  Pal.  New  York,  II,  1852,  p.  259,  pi.  53,  figs.  8-10.— BiU 

Canadian  Nat.  Geol.,  I,  1856,  p.  138,  pi.  2,  figs.  16, 17. 
Strophomena  pecten  Roemer,  Die  Sil.  Fauna  west.  Tennessee,  1860,  p.  67, 

tig.  4.— Billings,  Geol.  Canada,  1863,  p.  311,  fig.  315 ;— Catalogue  Silurian 

Hilsof  Anticosti,  1866,  p.  40. 
Streptorhynchus   (Strophodonta)  subplanus  Hall,  Geol.  Survey  Wisconsi 

1862,  p.  436. 
Streptorhynchus  subplanus  Hall,  Trans.  Albany  Institute,  IV,  1863,  p.  2 

Sixteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1863,  p.  63,  figs.  1,2;— Tw< 

eighth  Rep.  N.  Y.  State  Mus.  Nat.  Hist.,  1879,  p.  151,  pi.  21,  figs.  2^-: 

Eleventh  Rep.  State  Geol.  Indiana,  1882,  p.  288,  pi.  21,  figs.  26-33;— Se 

Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  39,  figs.  21-24 ;  pi.  42,  fig.  19.— Nettel 

Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  141,  p 

figs.  11,  12.— Beecher  and  Clarke,  Mem.  N.  Y.  State  Mus.,  I,  1889,  p.  23, 

figs.  14-20. 
Streptorhynchus  hemiaster  Winchell  and  Marcy,  Mem.  Boston  Soc.  Nat.  Hif 

1865,  p.  93,  pi.  2,  fig.  10.— Hall,  Twentieth  Rep.  N.  Y.  State  Cab.  Nat.  I 

1867,  p.  392. 
Hemiprunites  subplanus  Meek  and  Worthen,  Geol.  Survey  Illinois,  III, 

p.  349. 
Hemipronites  propinquns  Meek  and  Worthen,  Ibidem,  III,  1868,  p.  351,  pi.  6,  f 
Orthothetes  subplana  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p. 

pi.  9,  tigs.  21-24;  pi.  9A,  tig.  19;  pi.  11  A,  figs.  9-12. 
Loc.  Lockport,  Rochester,  etc.,  New  York;  Thorold,  Ontario ;  Waldron,  Indi 

Louisville,  Kentucky;  Thebes,  Alexander  County,  and  Bridgeport,  Illii 

Pike  County,  Missouri;   Decatur  County,  Tennessee;  Arisaig,  Nova  S< 

(Ami);  Anticosti. 

Orthothetes  tapajotensiB  (Derby).  Upper  Carbonifer 

Streptorhynchus  tapajoteusis  Derby,  Bull.  Cornell  Univ.,  I,  1874,  p.  37,  ] 
figs.  3,6,  7,  9,  10;  pi.  8.  fig.  9. 
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Orthothetes  tapajotenms  (Derby) — Gontduned. 

Orthothetes  tap^jotensis  WaageD,  Palteontolog^ioa  Indica,  Ber.  XIII,  I,  1884, 

pp.  607,  608. 
Loc.  Boogardim  and  Itaitaba,  Brazil. 

Orthofhetet  tennis  Hall.  Niagara  (Sil.). 

Streptorhynchas  tennis  Hall,  Trans.  Albany  Institute,  IV,  1863,  p.  210;--Twenty- 
eighth  Rep.  N.  Y.  State  Mas.  Nat.  Hist.,  1879,  p.  150,  pi.  23,  figs.  11-13;— 
Eleventh  Rep.  State  Geol.  Indiana,  1882,  ]>.  287,  pi.  23,  figs.  11-13.— Foerste, 
Bnll.  Denison  Univ.,  II,  1887,  p.  105,  pi.  8,  figs.  31,  32,  38.— Net tel roth,  Ken- 
tnoky  B^ossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  142. 

Orthothetes  tenuis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  255. 

Strophomena  (Orthothetes)  tennis  Foerste,  Geol.  Ohio,  VII,  1895,  p.  568,  pi.  27, 
,  figs.  31,  32,  38. 

Loe.  Waldron,  Indiana;  near  Lonisville,  Kentucky;  Dayton,  Ohio. 

Orthothetes  nmhraenlnm  of  authors  (iion  von  Buch).      L.  and  Up.  Garb. 

Orthis  umbraculnm  Hall,  Stansbnry's  Ezpl.  Survey  Valley  Great  Salt  Lake, 
Utah,  1852,  p.  412,  pi.  3,  tig.  6.— Newberry,  Ives's  Rep.  Colorado  River  of  the 
West,  1861,  p.  125. 

Streptorhynchus  nmbraculnmf  A.  Winchell,  Proo.  Aead.  Nat.  Sci.  Philadelphia, 
1866,  p.  117. 

Hemipronites  nmbraculnmf  A.  Winchell,  Proo.  American  Philosophical  Soo.,  XII, 
1870,  p.  251. 

Orthothetes  nmbraonlum  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892, 
p.  256. 

Loc,  Waverly  group,  Newark,  Sciotoville,  Warren,  etc.,  Ohio;  ITp.  Carb.,  Leaven- 
worth, Kansas. 

Orthothetes  woolworthanus  Hall.  Lower  Helderberg  (Dev.). 

Strophomena  woolworthana  Hall,  Tenth.  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857, 

p.  48,  figs.  1,  2;— Hall,  Pal.  New  York,  III,  1859,  p.  192,  pi.  17,  figs.  1,  2. 
Streptorhynchus  woolworthana  Billings,  Geol.  Canada,  1863,  p.  957,  fig.  449. — 

Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  39,  figs.  25-31. 
Orthothetes  woolworthana  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892, 

p.  255,  pi.  9,  figs.  25-31. 
Loc.  Schoharie,  Carlisle,  Clarksville,  and  Hudson,  New  York. 

OBTHOnCHIA  Hall  and  C.  Genotype  Orthis!  morganiana  Derby. 

Orthotichia  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  213 ;— Eleventh 
Ann.  Rep.  N.  Y.  State  Geologist,  1894,  p.  272. 

Orthotichia  morganiana  (Derby).  Upper  Carboniferous. 

Orthis  f  morganiana  Derby,  Bull.  Cornell  University,  I,  1874,  p.  29,  pi.  3,  figs. 

1-9, 11,  34;  pi.  4,  figs.  6,  14,  15. 
Orthis  morganiana  Waagen,  Palieontologica  Indica,  Ser.  XIII,  I,  1884,  p.  564. 
Orthotichia  f  morganiana  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  pp. 

213,  226,  pi.  7,  figs.  11-15. 
Loc.  Bomjardim  and  Itaituba,  Brazil. 

OBTHOTEOPIA  Hall  and  Clarke.        Genotype  O.  dolomitica  H.  and  0. 
Orthotropia  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  explanation  sheet 
to  pi.  84,  figs.  3-7.— Thirteenth  Ann.  Rep.  N.  Y.  State  Geol.,  1895,  p.  943. 

Orthotropia  dolomitica  Hall  and  Clarke.  Niagara  (Sil.). 

Orthotropia  dolomitica  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi. 

84,  figs.  3-7. 
Loc.  Near  Milwaukee.  Wisconsin. 
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PARASTEOPHIA  HaU  and  C.  Genotype  Atrypa  hemiplicata 

I^arrtBtrophia  Hall  and  Clarke,  Pal.  New  York,  VUI,  Pt.  II,  1893,  p.  221; 
Ic^enth  Ann.  Rep.  N.  Y.  State  Geologist,  1895,  p.  839. 

Farastrophia  divergens  Hall  and  Clarke.  Lorraine  ( 

l^nni^trophia  divergens  HaH  and  Clarke,  Pal.  New  York.  VIII,  Pt.  II,  1895,  i 

;J6G,  pi.  63,  figs.  4^7. 
Lo< .  Wilmington,  Illinois. 

Parastrophia  greenei  Hall  and  Clarke.  Niagara 

PnruHtrophia  greenii  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  U,  1895,  ] 

3G7,  pi.  63,  figs.  17-20,  22. 
IjO€.  Milwaukee,  Wisconsin. 

Parastrophia  hemiplicata  Hall.  Trenton  ( 

Atryfia  hemiplicata  Hall,  Pal.  New  York,  1, 1847,  p.  144,  pi.  33,  fig.  10.— B 

Canadian  Nat.  Geol.,  I,  1856,  p.  208,  figs.  20-23. 
Atryim  circulns  Hall,  Pal.  New  York,  1, 1847,  p.  142,  pi.  33,  fig.  7;— Twelfl 

X.  Y.  State  Cab.  Nat.  Hist.,  1859,  p.  65. 
Pentauiems  hemiplicatns  Hall,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hist 

p.  66.— -Billings,  Canadian  Jonr.,  IV,  1859,  p.  316. 
Canmrella  hemiplicata  Billings,  Geol.  Canada,  1863,  p.  168,  fig.  154. 
CaiuRiTella  circnlus  Miller,  American  Pal.  Fossils,  1877,  p.  107. 
Caiiiarella  bemensis  Sardeson,  Bull.  Minnesota  Acad.  Nat.  Sci.,  Ill,  1892, 

III.  4,  figs.  4-6. 
AijuHrTophia  f  hemiplicata  Winchell  and  Schnchert,  Minnesota  Geol.  Snrv 

1S93,  p.  382,  pi.  30,  figs.  29-31.— Whiteaves,  Pal.  Foes.,  Ill,  Pt.  Ill,  1 

167. 
Parastrophia  hemipHcata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1 

221,  pi.  63,  figs.  1-3. 
Loc.  Middle ville,  Watertown,  etc.,  New  York;  Center  Connty,  Pennsyl 

Wisconsin;  Minnesota;  Ottawa  and  Lake  Winnipeg,  Canada. 

Parastrophia  hemiplicata  rotunda  (Winchell  and  Schu.).    Trenton  ( 
Aiui^il^raphia  f  hemiplicata  var.  rotunda  W.  and  S.,  Minnesota  Greol.  Snrv 

1893,  p.  383,  pi.  30,  figs.  32-35. 
f.oi\  Cannon  Falls,  Minnesota;  Decorah,  Iowa. 

Faraatrophia  latiplicata  Hall  and  Clarke.  Niagara 

Parfk^trophia  latiplicata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  18 

L>22,  368,  pi.  63,  figs.  23-27. 
L&c,  Milwaukee,  Wisconsin. 

Parastrophia  mnltiplicata  Hall  and  Clarke.  Niagara 

Pura>jtrophia  mnltiplicata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I] 

pp.  222,  367,  pi.  63,  figs.  15,  16,  21. 
Lo€.  Milwaukee,  Wisconsin. 

Parastrophia  (?)  obscura  (Hall  and  Whitfield).  Pogonip  (( 

ronimbonites  obscnrus  Hall  and  Whitfield,  King's  U.  S.  Geol.  Expl.  40th 

JV,  1877,  p.  234,  pi.  1,  fig.  16. 
Poranibonites  f  obscnrus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II 

p.  228. 
Loc.  White  Pine  district,  Nevada. 
Ohif.  Based  upon  a  single  ventral   valve  which  is    insufficient  to    deU 

whether  it  belongs  to  Parastrophia  or  some  rhynohoneUoid.     It  is 

Forambonites. 
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AnticoBti  (Sil.). 


ri 


ioty  of  P.  re  versa. 

lings).  Anticosti  (Sil.). 

(iliiugs,  Geol.  Survey  Canada;  Rep.  Progrem  for  1856, 

[lian  Jour.,  IV,  1859,  p.  316. 

Ihaler,  Bull.  Mus.  Coinp.  Zool.,  4,  1865,  p.  69. 

ler,  American  Pal.  Foes.,  1877,  p.  104. 

all  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi.  63, 


ipecies  is  a  large  P.  heuiiplicata  Hall.     It  appears,  how- 
,    See  P.  ops  BilliDgs. 

inchell  and  Schuchert).  Trenton  (Ord.). 

W.  and  S.,  Minnesota  Qeol.  Survey,  III,  1893,  p.  383,  pi. 

I.  Minnesota. 

larke.  Genotype  Atrypa  hirsuta  Hall. 

ke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  127 ;— Thirteenth 
kte  Geologist,  1895,  p.  800. 

Lower  Helderberg  (Dev.). 
U,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  89. 
•spira)  deweyi  Hall,  Pal.  New  York,  III,  1889,  p.  216,  pi. 

md  Clarke,  Ibidem,  VIII,  Pt.  II,  1893,  p.  128,  iig.  112,  pi. 

Eurie  counties,  New  York. 

Corniferons  and  Hamilton  (Dev.). 

mth  Rep.  N.  Y.  State  Cab.  Nat.  Hist,,  1857,  p.  168. 
ilaU,  Thirteenth  Rep.  Ibidem,  1860,  p.  101 ;— Fourteenth 
p.  101;— Fifteenth  Rep.  Ibidem,  1862,  pi.  2,  figs.  11-16;— 
,  1867,  p.  274,  pi.  45,  figs.   16-32.— Nettelroth,  Kentucky 
Kentucky  Geol.  Survey,  1889,  p.  136,  pi.  16,  figs.  15-19. 
,  Canadian  Jour.,  n.  ser.,  V,  1860,  p.  282,  figs.  45-47. 
}eol.  Canada,  1863,  p.  385,  fig.  419. 
I  Miller,  Seventeenth  Rep.  State  Geol.  Indiana,  1892,  p.  79, 

md  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  p.  128,  fig. 

-39. 

>rd,  Canada;  Falls  of  Ohio;  Bunker  Hill,  Indiana. 

idea. 

Genotype  Paterula  bohemica  Barrande. 
t^me  Sil.  du  Centre  de  la  Boh6me,  V,  1879,  p.  110.— HaU 
Few  York,  VIII,  Pt.  I,  1892,  pp.  78,  165 ;— Eleventh  Ann. 
ologist,  1894,  p.  242. 

Galciferous  (Ord.). 
nd  Clarke,  VIII,  Pt.  I,  p.  78,  pi.  4K,  fig.  1. 
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PEHTAGOllIA    CozzenH.      Geuotype    Pentagonia    peersii    Gozzeii8= 

Atrypa  anisulcata  Conrad. 

Pentagonia  Cozzens,  Annals  Lyceum  Nat.  Hist.  N.  Y.,  IV,  1846,  p.  158. — Meek 
and  Hayden,  Smithsonian  Gout.  Knowledge,  XIV,  172, 1864,  p.  16. — Hall  and 
Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  p.  80;— Thirteenth  Ann.  Rep.  N.  Y. 
State  Geologist,  1895,  p.  775. 

GonioccBlia  HaU,  Fourteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1861,  p.  101. 

Pentagonia  peersii  Oozzens=Peiitagonia  unisulcata. 

Pentagonia  unisulcata  (Conrad).  Oriskany  to  Hamilton  (Dev.). 

Atrypa  unisulcata  Conrad,  Fifth  Ann.  Rej).  GeoL  Survey  of  N.  Y.,  1841,  p.  56. — 

Hall,  Fifteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1862,  pi.  11,  tig.  10. 
Pentagonia  peersii  Cozzens,  Annals  Lyceum  Nat.  Hist.  N.  Y.,  IV,  1846,  p.  158,  pi. 

10,  fig.  3. 
Rhynchonella  unisulcata  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857, 

p.  125. 
Athyrisf  unisulcata  Billings,  Canadian  Journal,  V,  1860,  p.  279,  figs.  39-42. 
Goniocoelia  uniangulata  HaU,  Fourteenth  Rep.  N.  Y.   State  Cab.  Nat.   Hist., 

1861,  p.  101. 
Meristella  f  unisulcata  Hall,  Fifteenth  Rep.  Ibidem,  1862,  pi.  2,  figs.  17-25. 
Athyris  unisulcata  Billings,  Geol.  Canada,  1863,  p.  373,  fig.  396. 
Meristella  (Pentagonia)  unisulcata  varieties  biplicata  and  uniplicata  Hall,  Pal. 

New  York,  IV,  1867,  p.  309,  pi.  50,  figs.  18-35. 
Meristella  unisulcata  Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol. 

Survey,  1889,  p.  99,  pi.  15,  figs.  9-16. 
Pentagonia  unisulcata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  p.  80, 

pi.  42,  figs.  22-32. 
Xoc.  New  York ;  county  of  Haldimand  and  Bosanquet,  Ontario ;  Falls  of  Ohio. 

PEITTAMEKELLA  Hall.  Genotype  Atrypa  arata  Conrad. 

Pentamerella  Hall,  Twentieth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1867,  p.  163;— 
Pal.  New  York,  IV,  1867,  pp.  373,  375.— Nettelroth,  Kentucky  Fossil  Shells, 
Mem.  Kentucky  Geol.  Survey,  1889,  p.  49.— Hall  and  Clarke,  Pal.  New  York, 
VIII,  Pt.  11,  1893,  p.  245;— Thirteenth  Ann.  Rep.  N.  Y.  State  Geologist,  1895, 
p.  845. 

Pentamerella  arata  (Conrad).  Upper  Helderberg  (Dev.). 

Atrypa  arata  Conrad,  Fifth  Ann.  Rep.  Geol.  Survey  N.  Y.,  1841,  p.  55. 

Atrypa  octocostata  Conrad,  Ibidem,  1841,  p.  55. 

Pentamerus  aratus  HaU,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  120, 

figs.  1-10.— Billings,  Canadian  Journal,  VI,  1861,  p.  269,  figs.  93-96;— G«ol. 

Canada,  1863,  p.  370,  fig.  389. 
Pentamerella  arata  Hall,  Pal.  New  York,  IV,  1867,  p.  375,  pi.  58,  figs.  1-21.— 

Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p. 

49,  pi.  13,  figs.  17-20.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893, 

p.  245,  pi.  71,  figs.  21-29. 
f  Pentamerus  aratus  Tschernyschew,  M6m.  Comity  G6ologique  de  St.  P^ters- 

bourg.  III,  1887,  p.  101,  pi.  4,  figs.  18,  19. 
Xoc.  New  York;  Cayuga,  etc.,  Ontario;  Columbus,  Ohio;  FaUs  of  Ohio;  f  Urals 

of  Russia. 

Pentamerella  borealis  (Meek).  Hamilton  (Dev.). 

Pentamerus  borealis  Meek,  Trans.  Chioago  Acad.  Sci.,  1, 1868,  p.  95,  pi.  13,  fig.  11. 
Xoc.  Anderson  River,  British  America. 

Pentamerella  (?)  compressa  Bingueberg.  Niagara  (Sil.). 

Pentamerella  oompressa  Ringueberg,  Bull.  Buffalo  Soc.  Nat.  Sci.,  Y,  1886,  p.  15, 
pl.  2,  fig.  4. 


Digitized  by  LjOOQIC 


acHucHKBT.l  INDEX    AND    BIBLIOGRAPHY.  303 

Pentamerella  (!)  compressa  Eingoeberg— Continued. 

Loo,  Lockport,  New  York. 

Obt.  May  be  a  pathologic  or  compressed  specimen  of  Spirifer  crispas  or  8.  snl- 
catus. 

Pentamerella  dnbia  Hall.  f  Hamilton  (Dev.). 

Atrypa  (n.  sp.  f )  Owen,  Geol.  Survey  Winconsin,  Iowa,  Minnesota,  1852,  pi.  3A, 

fig.  1.     [See  specimen  in  U.  S.  Nat.  Mns.,  Cat.,  Invert.  Ko88.,  17927.] 
Spirifer  dnbius  Hall,  Thirteenth  Kep.  N.  Y.  State  Cab.  Nat.  Hist.,  1860,  p.  90. 
Pentamerella  dnbia  Hall,  Pal.  New  York,  IV,  1867,  p.  379,  pi.  58,  figs.  38-43.— 

Hall  and  Clarke,  Ibidem,  VIII,  Pt.  II,  1893,  p.  245,  pi.  71,  figs.  32-38. 
Lao.  Iowa  City,  Iowa. 
Oh$.  See  Pentamerella  micnla  Hall. 

Pentamerella  intralineata  (A.  Winchell).  Hamilton  (l)ev.). 

Pentamerus  intralineatus  A.  Winchell,  Oeol.  Rep.  Lower  Peuinsnla  of  Michi- 
gan, 1866,  p.  94. 
Loc.  Grand  TraverHe  region,  Michigan. 

Pentamerella  micnla  Hall.  f  Hamilton  (Dev.). 

Pentamerella  micnla  Hall,  Pal.  New  York,  IV,  1867,  p.  378,  pi.  58,  figs.  26,  27.— 

Hall  and  Clarke,  Ibidem,  VIII,  Pt.  II,  1893,  p.  245. 
Loc.  Iowa  City,  Iowa. 
Obs,  Compare  with  Pentamerella  dnbia  Hall. 

Pentamerella  obiolesoenB  Hall.  ?  Hamilton  (Dev.). 

Pentamerella  obsolescens  Hall,  Pal.  New  York,  IV,  1867,  p.  379,  pi.  58,  tigs.  24, 

25.— Hall  and  Clarke,  Ibidem,  VIII,  Pt.  II,  1893,  p.  245. 
Loc,  Waterloo,  Iowa. 

Pentamerella  paYilionensis  Hall.  Hamilton  (Dev.). 

Pentamems  papilionensis  Hall,  Thirteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist., 

1860,  p.  86. 
Pentamerella  papilionensis  Hall,  Pal.  New  York,  IV,  1867,  p.  377,  pi.  58,  figs.  28- 

37.^Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889, 

p.  50. 
Pentamerella  pavilionensis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893, 

p.  245,  pi.  71,  figs.  30,  31. 
Loc,  Seneca  and  Canandaigua  lakes,  etc..  New  York;  Falls  of  Ohio. 

Pentamerella  thnsnelda  Nettelrotfa.  Corniferons  (Dev.). 

Pentamerella  thusnelda  Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky 

Geol.  Survey,  1889,  p.  51,  pi.  31,  tigs.  26-28. 
Loc,  Near  Lonisville,  Kentucky. 

Pentamerella  ventricosa  Hall=Glorinda  ventricosa. 

PEVTAMEKUS  Sowerby.  Genotype  P.  laevis  Sowerby. 

Pentamerus  Sowerby,  Mineral  Conchology,  1, 1813,  p.  76.— Hall  and  Clarke,  Pal. 
New  York,  VIII,  Pt.  II,  1895,  p.  236 ;— Thirteenth  Ann.  Rep.  N.  Y.  State 
Geologist,  1895,  p.  844. 

Pentamems  arcuosns  McCliesney=Glorinda  arcuosa. 
Pentamems  aratn8=Peutamerella  arata. 
Pentamems  barrandi  Billing8=Clorinda  barrandei. 
Pentamerus  beaumonti  0a8telnau=P.  oblongus. 
Pentamems  bisinuatas  MeChe8ney=P.  oblongus. 
Pentamems  borealis  Meek = Pentamerella  borealis. 
Pentamems  brevirostris  Hall=Anastropkia  brevirostris. 
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PeDtamerus  chicagoensis  Winchell  and  Marcy=Gl<)rinda  veutxicosa. 
Pentamenis  colletti  Miller=CoQchidiani  colletti. 
Pentaineras  comis  Meek  and  Worthen=Oypidtila  comis. 
Pentameras  complanatus  Nettelrotb=ConchidJam  tenuicostatam. 
Pentanierus  conchidium=Oonchidium  biloculare. 
Pentamenis  coppingeri  Etheridge=Gypida1a  coppingeri. 
Pentamerus  crassoradius  McGheaney=Gonchidiain  crassiradiatam. 
Pentameras  decassatus  Whiteaves=Goncfaidmm  decussatum. 
Pentamerus  deshayessii  Ga8telnaa=Bens8el8Bria  ovoides. 
Pentameras  elongatas  Vanaxem=Amphigenia  elongata. 
Pentameras  fornicatus  Hal]=Glorinda  fornicata. 
Pentameras  galeatiformis  Meek  and  Worthen=Gypidula  oomis. 
Pentameras  galeatus  Hall=:Gypidula  galeata. 
Pentameras  galeatas  Hall  and  Whitfield =Gypidala  nncleas. 
Pentameras  galeatas  Roeiner=Gypidala  roemeri. 
Pentamerus  globulosus  Nettelroth=Gypidula  globulosa. 
Pentamerus  hemiplicatus  Billings =Parastrophia  hemiplicata. 
Pentamerus  interplicatus  Hall=Anastrophia  interplicata. 
Pentamerus  intralineatus  Wincfaell=PentamerelIa  intralineata. 
Pentameras  knappi  Hall  and  Whitfield =Goncludiam  knappi. 
Pentamerus  knighti  Sowerby=Goncbidium  kuigbti. 
Pentamerus  knotti  Nettelroth=G3rpidula  knotti. 
Pentanierus  laqueatus  Conrad =Gonchidium  laqueatum. 
Pentamerus  lenticularis  White  and  Whitfield =Oamarophorella  lenticu- 

laris. 
Pentamerus  littoni  Hal]=Gonchidiam  littoni. 
Pentamerus  lotis  Walcott=Gypidula  lotis. 
Pentamerus  mu1ticostatus=Gonchidium  mnlticostatum. 
Pentamerus  nobilis  Emmons=Couchidium  laqueatum. 
Pentamerus  nucleus  Hall  and  Whitfield=Gypidula  nucleus. 
Pentamerus  nysius  var.  crassicosta  Hall=Gonchidinm  nysius. 
Pentamerus  nysius  var.  tenuicostatus  Nettelroth=Gonchidium  nysius. 
Pentamerus  nysius  var.  tenuicosta  Hall=Gonchidinm  tenuicosta. 

Pentamerus  oblongus  Sowerby.  Glinton  and  Niagara  (SiL). 

Pentamerus  obloDgiis  Sowerby^  Murchison's  Silurian  System,  1939,  p.  641,  pi. 
19,  fig.  10.— Hall,  Geol.  N.  Y. ;  Rep.  Fourth  Dist.,  1843,  p.  70,  figs.  1-6.— 
Owen,  Geol.  Expl.  Iowa,  WiBconsin  and  Illinois,  1844,  pi.  14,  fig.  10. — Hall, 
American  Jour.  8ci.,  2d  ser.,  XX,  1849,  p.  227;— Pal.  New  York,  II,  1852,  p. 
79,  pi.  25,  fig.  1;  pi.  26,  fijr.  1.— Billings,  Canadian  Nat.  Geol.,  1, 1856,  p.  58, 
pi.  1,  figs.  2,  3;— Geol.  Canada,  1863,  p.  316,  fig.  326.— HaU  and  Whitfield, 
Twenty-fourth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1872,  p.  183;— Geol.  Survey 
Ohio,  Pal..  II,  1875,  p.  137,  pi.  7,  fig.  9.— Whitfield,  Geol.  Wisconsin,  IV,  1882, 
p.  288,  pi.  17,  figs.  4-9.— Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentocky 
Geol.  Survey,  1889.  p.  60,  pi.  33,  figs.  15-17.— Hall  and  Clarke,  Pal.  New  York, 
VIII,  Pt.  II,  1895,  p.  237,  figs.  169-171;  pi.  67,  fig.  20;  pi.  68,  figs.  1-6;  pi.  69. 
figs.  1,  4-7,  13,  14;  pi.  70,  figs.  1-4. 

Pentamerus  beaumonti  Castelnau,  Essai  Syst.  Sil.  I'Am^riqne  Septentrionale, 
1843,  p.  38,  pi.  13,  fig.  9. 
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werby — Continued. 

McChesney,  Descriptions  New  Pal.  Foss.,  1861,  p.  85; — 
kl.  Sci.,  I,  1868,  pi.  9,  fig.  1.— Whitfield,  Geol.  Wisconsin, 

17,  fig.  3. 

►rk;  Ohio;  Indiana;  Kentucky;  Illinois;  Iowa;  Wiscon- 
rio;  Anticosti. 

indricus  Hall  and  Whitfield.  Niagara  (Sil.). 

rar.  cylindrica  Hall  and  Whitfield,  Twenty-fourth  Rep. 
^at.  Hist.,  1872,  p.  183 ;— Twenty-seventh  Rep.  Ibidem, 
3,  14.— Nettelroth,  Kentncky  Fossil  Shells,  Mem.  Ken- 
,  1889,  p.  61,  pi.  30,  figs.  2-4.— Hall  and  Clarke,  Pal.  New 
1893,  p.  237,  fig.  172;  pi.  68,  figs.  7,  8;  pi.  69,  figs.  11,  12. 
5ky. 

^noketa  Hall  and  Clarke.  Niagara  (Sil.). 

partim)  Whitfield,  Geol.  Wisconsin,  IV,  1882,  pp.  288,  291, 

ar.  maqaoketa  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt. 

67,  figs.  11-13. 

n;  near  Dubuque  and  Hopkinton,  Iowa. 

^rectus  Hall  and  Clarke.  Niagara  (Sil.). 

ar.  subrectus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt. 
9,  pi.  68,  fig.  6;  pi.  69,  figs.  2,  3,  8-10;  pi.  70,  fig.  5. 
Visconsin. 

is  Hall,  1858  (non  1852)=Gypidula  comis. 
is  Hall,  1852=:Conchidium  oceidentale. 

Clinton  (Sil.). 
1,  Pal.  New  York,  II,  1852,  p.  103,  pi.  31,  fig.  1.— Foerste, 
iat.  Hist.,  XXIV,  1890,  p.  324,  pi.  5,  figs.  17, 18. 
neida  County,  New  York ;  Cumberland  Gap,  Tennessee ; 
tna. 
oblongus. 

isis  Hall=Pentamerella  pavilionensis. 

Hall  and  Whitfield.  Niagara  (Sil.). 

IS  Hall  and  Whitfield,  Pal.  Ohio,  II,  1875,  p.  139,  pi.  7,  figs. 
,  Kentucky  Fossil  Shells,  Mem.  Kentncky  Geol.  Survey, 
and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  239,  pi. 

LouiBville,  Kentncky;  Wisconsin  (Whitfield). 
tfleld.  Waterlime  (Sil.). 

bitfield,  Annals  N.  Y.  Acad.  Sci.,  II,  1882,  p.  195;— Ibidem, 
.  5,  figs.  11-22;— Geol.  Ohio,  VII,  1895,  p.  414,  pi.  1,  figs. 

Louisville,  Kentucky;  Wisconsin  (Whitfield). 

eatns  Hall=Oypidula  pseudogaleata. 

killings =Parastrophia  reversa. 

Swallow=Concbidium  saliense. 

us  Meek  and  Wortlien=Gypidula  snbglobosa. 

s  McChe8ney=Meristina  trisinuata. 

iS  Nettelroth==Gypidula  nniplicata. 

18  Hall=Clorinda  ventricosa. 
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Peiitamerus  verneuili  nall=Aiiastrophia  verneuili. 

PHOLIBOPS  Hall.  Genotype  Orbicula  squamiformis  Hall. 

Pholidope  HaU,  Pal.  New  York,  III,  1859,  p.  489 ;— Thirteenth  Rep.,  N.  Y.  State 
Cab.  Nat.  Hist.,  1860,  p.  92;— Fifteenth  Rep.  Ibidem,  1862,  p.  195;— Pal.  New 
York,  IV,  1867,  pp.  31,  413.— Dall,  Bull.  Mus.  Comp.,  Zool.,  Ill,  1871,  p.  27.— 
Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  155.— Winchell  and 
Schnchert,  Minnesota  Geol.  Snrvey,  III,  1893,  p.  376.— Hall  and  Clarke, 
Eleventh  Rep.  N.  Y.  State  Geologist,  1894,  p.  262. 

Craniops  Hall,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hist..  1859,  p.  84.— CEhlert, 
Fischer's  Manuel  de  Conchyliologie,  1887,  p.  1272. 

PholidopB  arenaria  Hall.  Oriskany  (Dev.). 

Pholidops  arenaria  Hall,  Pal.  New  York,  IV,  1867,  p.  413,  pi.  3,  fig.   10.— Hall 

and  Clarke,  Ibidem,  VIII,  Pt,  I,  1892,  pi.  41,  fig.  24. 
Loc.  Albany  County  and  Hudson,  New  York. 

PholidopB  areolata  Hall.  Schoharie  (Dev.). 

Pholidops  areolata  Hall,  Sixteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1863,  p.  31  ;— 
Pal.  New  York,  IV,  1867,  p.  31,  pi.  3,  figs.  4,  5.— Hall  and  Clarke,  Pal.  New 
York,  VIII,  Pt.  I,  1892,  pi.  41,  figs.  25,  26. 

Loo.  Clarksville  and  Knox,  New  York. 

Pholidops  hellnla  Walcott.  Lower  Devonian. 

Pholidops  bellula  Walcott,  Mon.  U.  S.  Geol  Survey,  VIII,  1884,  p.  113,  pi.  2, 

fig.  6.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  157. 
Loc.  Eureka  district,  Nevada. 

PholidopB  caloeola  Hall  and  Clarke.  Comiferous  (Dev.). 

Pholidops  caloeola  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  157, 

182,  pi.  41,  fig.  30. 
Loc.  Falls  of  Ohio. 

PholidopB  cincinnatienBiB  Hall.  Lorraine  (Ord.). 

Pholidops  cincinnatiensis  Hall,  Twenty-fourth  Rep.  N.  Y.  State  Cab.  Nat.  Hist., 
1872,  pi.  7,  fig.  10;— Pal.  Ohio,  I,  1873,  p.  130,  pi.  5,  fig.  2.— Miller,  Cincin- 
nati Quart.  Jour.  Science,  II,  1876,  p.  14 ;— Jour.  Cincinnati  Soc.  Nat.  Hist., 
I,  1878,  p.  107.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I.  1892,  p.  157, 
pi.  41,  fig.  18. 

Loc.  Cincinnati,  etc.,  Ohio. 

PholidopB  greenei  Miller  and  Gnrley.  Hamilton  (Dev.). 

Pholidops  greenei  Miller  and  Gnrley,  Bull.  Illinois  State  Mus.  Nat.  Hiat.,  12, 

1897,  p.  48,  pi.  3,  figs.  16-21. 
Loc.  Falls  of  Ohio. 

PholidopB  hamiltonisB  Hall.  Hamilton  (Dev.). 

Pholidops  hamiltonine  Hall,  Thirteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1860, 

p.  92;— Pal.  New  York,  IV,  1867,  p.  32,  pi.  3,  figs.  6-9.— Hall  and  Clarke,  Pal. 

New  York,  VIII,  Pt.  I,  1892,  p.  157,  pi.  41,  figs.  31-34  (37 f). 
Loc.  Darien,  Moscow,  Canandaigna  Lake,  etc..  New  York. 

Pholidops  lamellosa  HalJ=Pholidop8  oblata. 

PholidopB  lepiB  Hall  and  Clarke.  Comiferous  (Dev.). 

Pholidops  lepis  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  157. 

Loc,  Not  given. 

Ohs.  A  nomina  nudum. 

Pholidops  linguloides  Hall = Pholidops  oblata. 
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Hamilton  (Dev.). 
Pal.  New  York,  IV,  1867,  p.  414,  pi.  3,  fig.  10. 
68  Hall,  Ibidem,  1867,  p.  414. 
.11,  Ibidem,  1867,  pi.  3,  tig.  11. 

ud  oblata  Hall  and  Clarke,  Pal.  New  Yurk,  VIII,  Pt.  I, 
g8. 35, 36. 
daigua  Lake,  New  York. 

Niagara  (SU.). 

Trans.  Albany  Institute,  IV,  1863,  p.  209;— Pal.  New 

3,  figs.  1,  2 ;— Twenty-eighth  Rep.  N.  Y.  Stat©  Mns.  Nat. 

>1.  21,  figs.  1, 2 ;— £lev.enth  Rep.  State  Geol.  Indiana,  1882, 

1.  2.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1882, 

;  Arisaig,  Nova  Scotia  (Ami). 

'.  squamiformis  are  probably  identical  with  P.  implicata 

Lower  Helderberg  (Dev.). 
Pal.  New  York,  III,  1859,  p.  490,  pi.  103B,  tig.  7. 
id  Clarke,  Pal.  New  York,  VIII.  Pt.  1, 1892,  p.  157,  pi.  41, 

QW  York ;  f  Square  Lake,  Maine. 

d  Clarke.  Oomiferous  (Dev.). 

knd  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  182,  pi.  41, 

rio. 

is  Walcott.  Lower  Devonian. 

ris  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  114, 

evada. 

)  of  a  crinoid. 

laU.  Niagara  (Sil.). 

s  Hall,  Geol.  N.  Y. ;  Rep.  Fourth  Dist.,  1843,  p.  108,  fig. 
II,  1852,  p.  250,  pi.  53,  tig.  4. 

Hall,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  HUt.,  1859,  p.  84. 
J  Hall,  Pal.  New  York,  III,  1859,  p.  490,  pi.  103B,  tig.  6.— 
a.  New  York,  VIII,  Pt.  I,  1892,  p.  156,  pi.  41,  tig.  21. 
er,  etc..  New  York, 
is  Hall. 

all.  Lorraine  (Ord.). 

,  Hall,  Pal.  New  York,  I,  1847,  p.  290,  pi.  79,  fig.  7. 
Hall,  Descrip.  n.  sp.  of  Crinoidea  and  other  Fossils,  1866, 
rth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1872,  p.  221,  pi.  7, 
arke.  Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  41,  fig.  19. 
Q,  New  York.    In  the  Trenton  at  Ottawa,  Canada  (Ami). 

1.  Oriskany  (Dev.). 

lall,  Pal.  New  York,  III,  1859,  p.  490,  pi.  103B,  fig.  8.— 
idem,  VIII,  Pt.  I,  1892,  p.  157. 
land. 

all.  Trenton  (Ord.). 

HaU,  Descrip.  n.  sp.  of  Crinoidea  and  other  Fossils,  1866, 
rth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1872,  p.  221,  pi.  7, 
Jlarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  157,  pi.  41, 

fork. 
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Fholidops  trentonennfl  minor  Wincbell  and  Schucbert.       Trenton  (Ord.). 

Pholidops  trentonensis  var.  minor  Winchell  and  Schachert,  Minnesota  Geol.  Sur- 
vey, III,  1893,  p.  376,  pi.  29,  fig.  40. 
Loc,  St.  Paul  and  Cannon  Falls,  Minnesota. 

PHOLIDOSTBOPHIA  Hall  and  Clarke.    Genotype  Strophodonta  nacrea 

Hall=Chonetes(t)  iowensis  Owen. 
Pholidostrophia  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  287;— 
Eleventh  Ann.  Rep.  N.  Y.  State  Geologist,  1894,  p.  281. 

Pholidoftrophia  iowaenais  (Owen).  Gorniferous  and  Hamilton  (Dev.). 

Chonetes  (f)  iowensis  Owen,  Geol.  Survey  Wisconsin,  Iowa,  Minnesota,  1852,  p. 

584,  pi.  3A,  fig.  7.    [See  speoixnenH  in  U.  S.  Nat.  Mus.,  Cat.  Invert.  Foss., 

17942.] 
Chonetes  sp.  undet.  Owen,  Ibidem,  1852,  pi.  3A,  fig.  17.    [See  specimens  in  U.  S. 

Nat.  Mus.,  Cat.  Invert.  Foss.,  17916.] 
Strophomena  (Strophodonta)  nacrea  Hall,  Tenth  Re]).  N.  Y.  State  Cab.  Nat.  Hist., 

1857,  p.  144. 
Strophomena  lepida  Hall,  Geol.  Iowa,  I,  1858,  p.  493,  pi.  3,  fig.  3. — Billings, 

Canadian  Jour.  Sci.  Arts,  VI,  1861,  p.  344. 
Strophodonta  nacrea  Hall,  Pal.  New  York,  IV,  1867,  p.  104,  pi.  18,  fig.  1;— Second 

Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  46,  figs.  20-24.— Nettelroth,  Kentucky 

Fossil  Shells,  Mem.  Kentucky  Geo].  Survey,  1889,  p.  146. 
Stropheodonta  (Pholidostrophia)  nacrea  Hall  and  Clarke,  Pal.  New  York,  VIII, 

Pt.  I,  1892,  p.  287,  pi.  15,  figs.  20-24;  Pt.  II,  1895,  pi.  84,  fig.  11. 
Loc.  Iowa  City,  Iowa ;  western  New  York ;  Columbus,  Ohio ;  Falls  of  Ohio ;  Rock 

Island,  Illinois;  Alpena,  Michigan;  Ontario,  Canada. 
Obs,  Owen's  type  specimens  preserved  in  the  United  States  National  Museum 

prove  to  be  identical  with  Strophomena  lepida,  which  Hall  in  1867  said  is  a 

synonym  for  Stropheodonta  nacrea. 

Plaesiomys  Hall  and  Glarke=Dinorthi8. 

PLATYSTBOPHIA  King.    Genotype  Terebratulites  biforata  Schlotbeim. 

Platystrophia  King,  Mon.  Permian  Fossils  of  England,  Pal.  Soc,  1850,  p.  116.— 
Hall,  Geol.  Soc.  America,  1, 1889,  pp.  19, 20.— HaU  and  Clarke,  Pal.  New  York, 
VIII,  Pt.  I,  1892,  p.  200.— Winchell  and  Schuchert,. Minnesota  Geol.  Survey, 
III,  1893,  p.  454.— HaU  and  Clarke,  Eleventh  Ann.  Rep.  N.  Y.  State  Geologist, 
1894,  p.  268. 

Obs.  It  is  doubtful  whether  all  the  various  forms  of  Platystrophia  can  be  regarded 
as  species.  This  genus  is  nearly  always  abundantly  represented  by  one  or 
more  forms  throughout  the  American  Ordovician  and  Silurian  systems. 
When  individuals  of  the  same  region  or  of  widely  Heparated  localities  are 
compared  with  each  other  it  is  apparent  that  the  specific  characters  are 
very  inconstant.  Individuals  of  a  stratum,  however,  are  fairly  constant  in 
form,  size,  and  plications,  and  it  is  this  limited  constancy  that  has  served  in 
many  of  the  foUowing  species. 

Platystrophia  acuminata  James.  Lorraine  (Ord.). 

Orthis  (Platystrophia)  acuminata  James,  The  Palaeontologist,  1,  1878,  p.  7. 
Loc.  Cincinnati,  Ohio. 

Platystrophia  acutilirata  (Gonrad).  Lorraine  (Ord.). 

Delthyris  acutilirata  Conrad,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  VIII,  1842,  p. 

260,  pi.  14,  fig.  15. 
Orthis  (Platystrophia)  acutilirata  Meek,  Pal.  Ohio,  I,  1873,  p.  119,  pi.  10,  fig.  5. 
Orthis  «tcutilirata  MiUer;  Cincinnati  Quart.  Jour.  Sci.,  II,  1875,  p.  28. 
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FlatystTopliia  acutilirata  (Conrad) — Continued. 

Orthis  biforata  yar.  acntilirata  White,  Second  Auu.  Rep.  Indiana  Bureau  of 

Statistics  and  Geol.,  1880,  p.  487,  pi.  2,  figs.  5-9;->Tenth  Rep.  State  Geol. 

Indiana,  1881,  p.  119,  pi.  2,  figs.  5-9. 
Platystrophia  acutilirata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  223. 
Loc,  Richmond,  Indiana;  Oxford,  Ohio;  Louisiana,  Missoari  (Keyes). 

Platystrophia  biforata  (Scblotheim).  Cliazy-Niagara  (Ord.  and  Sil.). 

Terebratulites  biforatns  Schlotheim,  Petrefactenkunde,  1820,  p.  265. 

Spirifer  sheppardi  Castelnau,  Essai  Syst.  Sil.  FAm^rique  Septentrionale,  1843, 
p.  42,  pi.  14,  fig.  15. 

Delthyris  brachynota  HaH,  Geol.  New  York ;  Rep.  Fourth  Dist.,  1843,  p.  70,  fig.  6. 

Orthis  and  Delthyris  Owen,  Geol.  Expl.  Iowa,  Wisconsin,  Illinois,  1844,  pi.  15, 
figs.  3,  7. 

Delthyris  lynx  Hall  (partim;  non  Eichwald),  Pal.  New  York,  I,  1847,  p.  133,  pi. 
32D,  fig.  1. 

Spirifer  biforata  var.  lynx  Hall,  Ibidem,  11,  1852,  p.  &5,  pi.  22,  fig.  1. 

Orthis  biforatus  Billings,  Canadian  Nat.  Geol.,  1, 1856,  p.  206,  figs.  6-10.— Nichol- 
son and  Hinde,  Canadian  Jour.,  XIV,  1874,  p.  158.— White,  Rep.  U.  S.  Geogr. 
Geol.  Survey  west  100th  Meridian,  IV,  1874,  p.  74,  pi.  4,  fig.  9.— Nettelroth, 
Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  35,  pi.  29, 
figs.  18-29.— Foerste,  Proc.  Boston  Soc.  Nat.  Hist.,  XXIV,  1890,  p.  312. 

Orthis  lynx  Billings,  Geol.  Canada,  1863,  p.  167,  fig.  149.— Miller  (partim),  Cin- 
cinnati Quart.  Jour.  Sci.,  II,  1875,  p.  25. 

Platystrophia  regularis  Shaler,  Bull.  Miis.  Comp.  Zool.,  4, 1865,  p.  67. 

Orthis  (Platystrophia)  biforata  Meek,  Pal.  Ohio,  I,  1873,  p.  112.— Foerste,  Geol. 
Ohio,  VII,  1895,  p.  579,  pi.  25,  figs.  7,  8. 

Orthis  (Platystrophia)  biforata  var.  lynx  Hall,  Second  Ann.  Rep.  N.  Y.  State 
Geologist,  1883,  pi.  35,  figs.  11-14  (non  figs.  9,  10,  15  of  pi.  35  and  fig.  30,  pi. 
34=P.  biforata  lynx). 

Orthis  biforata  var.  lynx  forma  reversata  and  daytonensis  Foerste,  Bull.  Denison 
Univ.,  I,  1885,  pp.  81,  82,  pi.  13,  figs.  7,  8. 

Platystrophia  lynx  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  202, 
223,  pi.  5B,  fig.  10.— Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  64,  pi.  39,  fig.  5. 

Platystrophia  biforata  Winchell  and  Schuchert,  Minnesota  Geol.  Survey,  III, 
1893,  p.  455,  pi.  33,  figs.  51-54.— Whiteaves,  Pal.  Foss.,  Ill,  Pt.  Ill,  1897, 
p.  177. 

Loc.  Throughout  the  horizons  mentioned  above  in  North  America;  also  in 
England,  Scotland,  Ireland,  Gotland,  Scandinavia,  Oeland,  and  Russia. 

PlatystropMa  crana  James.  Lorraine  (Ord.). 

Orthis  (Platystrophia)  dentataf  f  Meek  (non  Pander),  Pal.  Ohio,  I,  1873,  p.  117, 
pi.  10,  fig.  3. 

Orthis  (Platystrophia)  crassa  James,  Cincinnati  Quart.  Jour.  Sci.,  I,  1874,  p.  20. 

Orthis  dentata  Miller,  Ibidem,  II,  1875,  p.  27. 

Orthis  centrosa  Miller,  North  American  Geol.  Pal.,  1889,  p.  356. 

Platystrophia  crassa  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  223. 

Platystrophia  biforata  var.  crassa  Winchell  and  Schuchert,  Geol.  Survey  Min- 
nesota, III,  1893,  p.  458,  pi.  33,  figs.  55,  56.— Whiteaves,  Pal.  Foss.,  Ill,  Pt. 
Ill,  1897,  p.  178. 

Loc,  Cincinnati,  Ohio;  Spring  Valley,  Minnesota;  Lake  Winnipeg,  Manitoba. 

FlatystTophia  latico«ta  Meek.  Lorraine  (Ord.). 

Orthis  (Platystrophia)  laticosta  (James)  Meek,  Pal.  Ohio,  I,  1873,  p.  116,  pi.  10, 

fig.  4. 
Orthis  (Platystrophia)  cypha  James,  Cincinnati  Quart.  Jour.  Sci.,  I,  1874,  p.  20. 
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Flatyttrophia  laticosta  Meek — Continued. 

Orthis  laticosta  Miller,  Cincinnati  Quart.  Jour.  Sci.,  II,  1875,  p.  27. 

Platy atrophia  biforata  var.  laticosta  Hall  and  Clarke,  Pal.  New  York,  VIII,  Ft. 

I,  1892,  p.  223,  pi.  5B,  figs.  5-9 
Loc.  Cincinnati,  etc.,  Ohio. 

Flatystrophia  lynx  (Eichwald).  Lorraine  (Ord.)- 

Terebratula  lynx  Eichwald,  Skizze  von  Podolis,  1830,  p.  202. 

Delthyris  lynx  (partim)  Hall,  Pal.  New  York,  I,  1847,  p.  133,  pi.  32D,  fig.  1.— 

Rogers,  Geol.  Pennsylvania,  II,  Pt.  II,  1858,  p.  820,  fig.  616. 
Orthis  (Platystrophia)  biforata  var.  lynx  Meek,  Pal.  Ohio,  1, 1873,  p.  114,  pi.  10, 

fig.  1.— Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  35,  tigs.  9,  10,  15. 
Orthis  lynx  (partim)  Miller,  Cincinnati  Quart.  Jour.  Sci.,  II,  1875,  p.  25. 
Orthis  biforata  Nicholson,  Pal.  Province  Ontario,  1875,  p.  16,  fig.  5. 
Orthis  (Platystrophia)  lynx  Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi. 

34,  fig.  80. 
Platystrophia  biforata  var.  lynx  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I, 

1892,  pp.  202,  223,  pi.  5B,  figs.  1-4. 
Loc.  Cincinnati,  Ohio,  and  elsewhere  in  the  Ohio  Valley. 

Platystrophia  regularis  Shaler= Platystrophia  biforata. 

PLECTAMBOiriTES  Pander.  Genotype  P.  planissima  Pander. 

Plectambonites  Pander,  Beitrage  znr  Geognosie  des  Russ.  Reiches,  1830,  p.  90,  pi. 
3,  figs.  8,  16;  pi.  28,  fig.  19.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I, 

1892,  pp.  236,  295.— Winchell  and  Schuchert,  Minnesota  Geol.  Survey,  III, 

1893,  p.  413.— Hail  and  Clarke,  Eleventh  Ann.  Rep.  N.  Y.  State  Geologist, 

1894,  p.  290. 

Plectambonites  area  Sha]er=:Plectambonites  transversalis. 
Plectambonites  gibbosus  Winchell  and  Schuchert.  Trenton  (Ord.). 

Plectambonites  gibbosa  W.  and  S.,  American  Geol.,  IX,  1892,  p.  288; — Minnesota 
Geol.  Survey,  III,  1893,  p.  416,  pi.  32,  figs.  13-17. 

Loc.  Mantorville,  Old  Concord,  and  near  Cannon  Falls,  Minnesota. 

Plectambonites  glaber  Shaler.  Anticosti  (SiL). 

Plectambonites  glaber  Shaler,  Bull.  Mus.  Comp.  Zool.,  4,  1865,  p.  64. 
Leptuena  glabra  Foerste,  Proc.  Boston  Soc.  Nat.  Hist.,  XXIV,  1890,  p.  294. 
Loo,  Anticosti. 

Plectambonites  plicatellus  (Ulrich).  Utica  (Ord.). 

Leptaena  plicatella  IJlrich,  .Tour.  Cincinnati  Soc.  Nat.  Hist.,  I,  1879,  p.  15,  pi.  7, 

fig.  12. 
Plectambonites  plicatella  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pi. 

15A,  figs.  34,  35. 
Loc.  Cincinnati,  Ohio ;  Covington,  Kentucky. 

Plectambonites  productus  Hall  and  Clarke.  Niagara  (Sil.). 

Plectambonites  producta  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  p. 

360,  pi.  84,  figs.  23-25. 
Loc.  Yellow  Springs,  Ohio. 

Plectambonites  sericeus  (Sowerby).  Trenton  to  Clinton  (Ord.-Sil.). 

Lept^ena  sericea  J.  de  C.  Sowerby,  Murchison's  Silurian  System,  1839,  pi.  19,  figs. 
1,  2.— Hall,  Pal.  New  York,  1, 1847,  pp.  110, 287,  pi.  31B,  fig.  2;  pi.  79,  fig.  3;— 
Ibidem,  II,  1852,  p.  59,  pi.  21,  fig.  1.— Billings,  Canadian  Nat.  Geol.,  I,  1856, 
p.  41,  fig.  2.— Rogers,  Geol.  Pennsylvania,  II,  Pt.  II,  1858,  p.  818,  fig.  599.— Bill- 
ings, Geol.  Canada,  1863,  p.  163,  fig.  139.— Meek,  Pal.  Ohio,  1, 1873,  p.  70,  pi.  5, 
fig.  3.— Miller,  Cincinnati  Quart.  Jour.  Sci.,  II,  1875,  p.  57.— Kayser,  Valx- 
ontographica,  Suppl.,  Ill,  1876,  p.  21,  pi.  3,  fig.  19.— HaU,  Second  Ann.  Rep. 
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owerby) — Contmued. 

33,  pi.  46,  figs.  25-29.— Foente,  Proc.  Boston  Soo.  Nat. 
.  2^. — Keyes,  Geol.  Survey  Missoari,  V,  1895,  p.  75/  pi. 

Wheeler's  £xpl.  Survey  west  of  the  100th  Merid.,  IV, 

7. 

irad,  Third  Ann.  Rep.  Geol.  Survey  N.  Y.,  1840,  p.  201.— 
, ;  Rep.  Second  Dist.,  1842,  p.  394. 
Vanuxem,  Geol.  N.  Y. ;  Rep.  Third  Dist.,  1842,  p.  47. 
Mncinnati  Quart.  Jour.  Set.,  I,  1874,  p.  151. 
[Tall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  15, 
11  and  Schuchert,  Minnesota  Geol.  Survey,  III,  1893,  p. 
2.— Whiteaves,  Pal.  Fobs.,  Ill,  Pt.  Ill,  1897,  p.  174. 
)ardeson,  Minnesota  Acad.  Nat.  Sci.,  Ill,  1892,  p.  329,  pi. 

on,  Ihidem,  1892,  p.  329,  pi.  4,  figs.  26-28. 

ion,  Ibidem,  1892,  p.  330,  pi.  4,  figs.  29-32. 

,  Ibidem,  1892,  p.  330,  pi.  4,  figs.  33-35. 

:k;   Ohio;  Indiana;   Kentucky;   Missouri;  Wisconsin; 

a;  Talacastra,  Argentine  Republic. 

>haler=Plectamboiiite8  transversalis. 

lis  (Wahlenberg).  Oliutou- Niagara  (Sil.). 

^ahlenberg,  Act.  Soc.  Upsaliensis,  III,  1821,  p.  64. 
Hall,  Geol.  N.  Y.;  Rep.  Fourth  Dist.,  1843,  p.  72,  fig.  1. 
lis  Hall,  Ibidem,  1843,  p.  105,  fig.  4. 
[all.  Pal.  New  York,  II,  1852,  p.  256,  pi.  53,  fig.  5.— BiU- 
Geol.,  1, 1856,  p.  138,  pi.  2,  figs.  14,  15.— Hall,  Second 
«  Geol.,  1883,  pi.  46,  figs.  34-36. 
tenera  Shaler,  Bull.  Mns.  Comp.  Zool.,  4,  1865,  p.  64. 
'ar.  elegantula  Foerste,  Proc.  Boston  Soc.  Nat.  Hist., 
)1.  6,  fig.  6. 

salis  Hall  and  Clarke,  Pal.  New  York,  YIII,  Pt.  I,  1892, 
-36.— Foerste,  Geol.  Ohio,  VII,  1895,  p.  566,  pi.  25,  fig.  5; 
fig.  6. 

;  Osgood,  Indiana;  Wisconsin;  Dundas  and  Hamilton, 
Lake  Temiscouata,  New  Brunswick. 

lis  alabamaensis  (Foerste).  Clinton  (Sil.). 

rar.  alabamensis  Foerste,  Proc.  Boston  Soc.  Nat.  Hist., 
}\,  5,  fig.  9. 
da. 

Lis  prolongatus  (Foerste).  Clinton  (Sil.). 

rste.  Bull.  Denison  Univ.,  I,  1885,  p.  79,  pi.  13,  fig.  5. 
rar.  prolougata  Foerste,  Proc.  Boston  Soc.  Nat.  Hist., 
)1.  5,  fig.  13. 
dwood  Station,  Georgia. 

I  Clarke.  Genotype  Orthis  plicatella  Hall. 

itella)  Hall,  Bull.  Geol.  Soc.  America,  1, 1889,  p.  20. 
Ilarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  194,  221.— 
chert,  Minnesota  Geol.  Survey,  III,   1893,  p.  435.— HaU 
ii  Ann.  Rep.  N.  Y.  State  Geologist,  1894,  p.  266. 
all).  Lorraine  (Ord.). 

(non  Davidson,  1847),  Pal.  New  York,  1, 1847,  p.  120,  pi. 
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Flectortliu  sBqnivalYis  (Hall) — Continued. 

rioctorthia  ajquivalvie  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p 

2'Jl. 
Loi\  CiDcinnati,  Ohio;  Wisconain  (Whitfield). 

Pleetorthii  (!)  aurelia  (Billings).  Oriskany  (I 

Orthis  aurelia  Billings,  Pal.  Fossils,  II,  1874,  p.  34,  pi.  3,  tig.  3. 
Plectorthis  f  aurelia  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  ] 
loc.  Indian  Cove,  Gasp^. 

FlectortlUB  dichotoma  Hall.  Lorraine  (( 

Orthis  dichotoma  Hall,  Pal.  New  York,  I,  1847,  p.  125,  pi.  32,  fig.  13.— 3 

American  Pal.  Fossils,  1877,  p.  117. 
Orthis  lissicosta  Meek  (non  HaU),  Pal.  Ohio,  I,  1873,  p.  106,  pi.  8,  fig.  6.-1 

Cincinnati  Quart.  Jour.  Sci.,  II,  1875,  p.  30. 
Orttiiet  neglecta  James,  The  Palaeontologist,  4, 1879,  p.  26. 
Flectnrthis  dichotoma  Hall  and  Clarke,  Pal.  New  York,  VIU,  Pt.  I,  1892,  ] 

pi.  5,  fig.  21. 
Loc.  Cincinnati,  Ohio. 

Plectorthift  ella  Hall.  Lorraine  (C 

Lirlllia  dla  Hall,  Thirteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1861,  p.  121. 
Orthis  f  ella  Hall,  Fifteenth  Rep.  Ibidem,  1862,  pi.  2,  tigs.  6-8 ;— Twenty-1 

Kep.  Ibidem,  1872,  pi.  7,  fig.  21. -Meek,  Pal.  Ohio,  I,  1873,  p.  105,  pi.  I 

9.— Hall  and  Whitfield,  Ibidem,  II,  1875,  p.  76.  pi.  1,  fig.  20.— Miller 

cinnati  Quart.  Jour.  Sci.,  II,  1875,  p.  32. 
Plectorthis  f  ella  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  221, 

ligH.  22,  23. 
Loc.  Cincinnati,  Ohio. 

Flectorthifl  flflsicosta  Hall.  Lorraine  (C 

Or  ill  i  a  tlssicosta  Hall,  Pal.  New  York,  I,  1847,  p.  121,  pi.  32,  fig.  7. 
Plectarthis  fissloosta  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  189 

VM,22U 
Loe.  Cincinnati,  Ohio. 

Flectorthii  jamesi  Hall.  Lorrsune  (C 

Orthiri  jamesi  Hall,  Fourteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1861,  p. 

Miller,  Cincinnati  Quart.  Jour.  Sci.,  II,  1875,  p.  33.— Hall  and  Whi 

P;tL  Ohio,  II,  1875,  p.  77,  pi.  1,  figs.  21,  22. 
P1is*?tf>rthis  jamesi  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  pp.  19 
Loc.  Cincinnati,  Ohio. 

FlectorthiB  kankakiensis  (McChesney).  Lorraine  (C 

Ortlni^  kankakensis  McChesney,  New  Pal.  Fossils,  1861,  p.  77; — Trans.  Ch 

Acad.  Sci.,  1, 1868,  p.  29,  pi.  9,  fig.  3. 
Plet'tiirthis  kankakensis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  \ 

pi.  5,  figs.  24,  25. 
Loc,  Wilmington,  Illinois;  Wisconsin  (Whitfield). 

Plectorthis  plicatella  Hall.  Trenton-Lorraine  (C 

Orthis  plicatella  Hall,  Pal.  New  York,  I,  1847,  p.  122,  pi.  32,  tig.  9.— Meek 

Ohio,  I,  1873,  p.  108,  pi.  8,  tig.  7.— Miller,  Cincinnati  Quart.  Jour.  Sc 

1875.  p.  30. 
fOrthiA  plicatella  Billings,  Geol.  Canada,  1863,  p.  165,  tig.  145. 
Plectorthis  plicatella  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1,  1892,  r 

pi.  5,  figs.  18-20. 
Ortbis  (Plectorthis)  plicatella  Winchell  and  Schuchert,   Minnesota  Geol 

vey,  III,  1893,  p.  436,  pi.  33,  figs.  5-7. 
Loc.  Cincinnati,  Ohio;  Middleville  and  Watertown,  New  York;  Burgin, 

titoky;  Cannon  Falls,  Kenyou,  etc.,  Minnesota;  Wisconsin. 
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Fleetorthil  seetditriata  (£.  O.  Ulrich).  Lorraine  (Ord.). 

OrthiB(f)  sectoBtriata  Ulrich,  Jour.  Cincinnati  8oc.  Nat.  HiBt.,  II,  1879,  p.  15, pi. 

7,  fig.  11. 
Plectorthisf  seotostriata  Hail  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  221. 
Loo.  Cincinnati,  Oliio. 

Fleetorthit  triplicatella  (Meek).  Lorraine  (Ord.). 

Orthis  triplicatella  Meek,  American  Jour.  Sci.,  IV,  1872,  p.  281 ;— Pal.  Ohio,  I, 
1873,  p.  109,  pi.  8,  lig.  8.— Miller,  Cincinnati  Quart.  Joar.  8ci.,  II,  1875,  p  31. 

PlectorthiB  triplicateUa  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp. 
194, 221. 

Loc,  Cincinnati,  Ohio. 

PlectorthiB  wMtfieldi  (N.  H.  Winchell).  Lorraine  (Ord.). 

Ortfiis  whittieldi  N.  H.  Winchell,  Ninth  Ann.  Rep.  (ieol.  and  Nat.  Hist.,  Survey 
of  Minnesota,  1881,  p.  115. 

Orthifl  pectinella  Whitfield  (partim.  non  Kmmonti  non  Hall),  Geol.  Wisconsin, 
IV,  1882,  p.  259,  pi.  12,  fig.  8. 

PlectorthiB  whitfieldi  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1,  1892,  p.  221. 
pi.  5,  fig.  26. 

Orthis  (PlectorthiB)  whitfieldi  Winchell  and  Schuchert,  Minnesota  Geol.  Sur- 
vey, III,  1893,  p.  437,  pi.  33,  figs.  8-13. 

Loe,  Spring  Valley  and  Granger,  Minnesota;  Delafiold,  Wisconsin;  Lattners. 
Iowa;  Savanna,  Illinois. 

PLETHORHTHGHA  Hall  and  G.    (Icnotype  Rhynchonella  speciosa  Hall. 
Plethorhyncha  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  191;- 

Thirteenth  Ann.  Rep.  N.  Y.  State  Geologist,  1895,  p.  827. 
Obs.  Proposed  as  a  suhgenus  of  Camarot(ccliia.    It,  however,  does  not  seem 
to  he  worthy  even  of  that  rank.    The  species  referred  to  Plethorhyncha  are 
CamarotcBohia  harrandei  Hall,  C.  ])leioplenra(Courad),  and  C.  speciosa  HaH. 

Plicatnla  striatocostata  Cox=Meekella  striaticostata. 

POLTT(ECHIA  Hall  and  Clarke.   Genotype  Hemipronites  apicalis  Whitf. 
PolytcBchia  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  239,  figs.  11, 12;^ 
Eleventh  Ann.  Rep.  N.  Y.  State  Geologist,  1894,  p.  275. 

PolytflMhia  apicalis  (Whitfield).  Galciferous  (Ord.), 

Hemipronites  apicalis  Whitfield,  Bull.  American  Mus.  Nat.  Hist.,  II,  1886,  p.  300, 

pi.  24,  figs.  1-5. 
PolytcDchia  apicalis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  239,  fig. 

11,  12,  pi.  7A,  tigs.  26-30. 
Loc.  Fort  Cassin,  Vermont. 

POKAMBOVITES  Pander.    Genotype  Porambonites  intermedia  Pander. 
Poramhonites  Pander,  Beitrage  zur  Geognosie  des  Ruks.  Keiches,  1830,  p.  95,  pi.  3, 

^g.  9.— HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  p.  225. 
Ohs,  Not  represented  in  America. 

Porambonites  obscurus  Hall  and  Whitfield =Para8troi)bia  obscurus. 
Porambonites  ottawaensis  Billing8=Bhyncliotrema  ottawaensis. 

PROBOSCIDELLA  CEhlert.    Genotype  Productus  proboscideus  de  Vern. 
Prohoscidella  CEhlert,  Fischer's  Manuel  de  Conchyliologie,  1887,  p.  1277.— HaU 
and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  333. 

PTobotoidella  (?)  clava  (Norwood  and  Pratten).       Upper  Carboniferous. 
Productus  clavus  Norwood  and  Pratten,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  III, 

1854,  p.  10,  pi.  1,  fig.  4. 
ProboecideUa  clava  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  334. 
Loo,  GraysviUe,  Illinois.  ^-^  ^ 
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FEODUCTELLA  Hall.       Genotype  Prodactas  subaculeatas  Morel 

Proditctella  HaU,  Twentieth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1867,  p.  245; 
New  York,  IV,  1867,  p.  153.— Nettelroth,  Kentucky  Fossil  Shells,  Mem 
iuuky  Geol.  Survey,  1889,  p.  69.— Hall  and  Clarke,  PaL  New  York 
Pt.  I,  1892,  p.  328;— Eleventh  Ann.  Rep.  N.  Y.  State  Geologist,  1894,  p. 

Froductella  arctirostrata  Hall.  Chemang  (1 

ProOuctus  arctirostrata  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857, 

Prodiictella  arctirostrata  Pal.  New  York,  IV,  1867,  p.  182,  pi.  26,  figs.  16 

Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  48,  fig.  36.— Hall  and  C 

Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  17,  fig.  36. 

Loe.  niasper  and  Cadiz,  New  York. 

Froductella  arcnata  Hall.  Kinderhook  (L.  G 

Pruductus  arcuatus  Hall,  Geol.  Survey  of  Iowa,  I,  Pt.  II,  1858,  p.  518,  pL 

L— Herrick,  Bull.  Defkison  Univ.,  Ill,  1888,  p.  31,  pi.  3,  fig.  18.— Keyes 

Purvey  Missouri,  V,  1895,  p.  40. 
Proiluctella  arcuata  Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  41 

31,  32. 
L41V,  Burlington,  Iowa;  Granville,  Newark,  etc.,  Ohio;  Hannibal,  Missoa 
Oba.  See  P.  cooperensis. 

Froductella  bialveata  Hall.  Chemung  (] 

iTciilactella  bialveata  Hall,  Pal.  New  York,  IV,  1867,  p.  183,  pi.  26,  figs.  24 
Lm\  Meadville,  Pennsylvania. 

Froductella  boydi  Hall.  Chemang  (1 

Productus  boydi  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  ] 

figtt.  1-3. 
Froductella  boydi  HaU,  Pal.  Now  York,  IV,  1867,  p.  169,  pi.  24,  figs.  IC 

Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  48,  fig.  24.— Hall  and  C 

PaL  New  York,  VIII,  Pt.  I,  1892,  pi.  17,  fig.  24. 
Loc.  I'tiillipsburg,  Elmira,  etc..  New  York. 

Froductella  conoentrica  (Hall).  Kinderhook  (L.  G 

I*roductus  concentricus  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist., 
p.  180;— Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  517,  pi.  7,  fig.  3.— A.  Wii 
Proc.  Acad.  Nat.  Sci.  Philadelphia,  1862,  p.  411;— Ibidem,  1865,  p. 
Proc.  American  Philosophical  Soc,  XII,  1870,  p.  249. — Herrick,  BnlL 
»ou  Univ.,  Ill,  1888,  p.  33,  pi.  6,  fig.  16. 

Lm:  Burlington,  Iowa;  Port  aux  Barques,  Michigan;  Rockford,  Indiana; 
toville,  etc.,  Ohio. 

(}h8.  Compare  with  Froductella  shumardana. 

Froductella  cofltatula  Hall.  Chemang  (I 

l^roductella  costatula  Hall,  Pal.  New  York,  IV,  1867,  p.  180,  pi.  ^,  figs.  9, 
Hetond  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  48,  figs.  18-20,  35.— Ha 
(^liirke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  17,  tigs.  18-20,  35. 

Lm:.  Randolph  Conewango,  New  Albion,  etc..  New  York. 

Productella  costatnla  strigata  Hall.  Chemang  (I 

PrrnJuctella  costatula  var.  strigata  Hall,  Pal.  New  York,  IV,  1867,  p.  181. 
Loi\  Near  Cadiz,  New  York. 

Froductella  domosa  Hall.  Hamilton  (I 

Productus  dumosus  Hall,  Fourteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1861, 
Productella  dumosa  HaU,  Pal.  New  York,  IV,  1867,  p.  162,  pi.  23,  figs.  38 

Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  48,  tig.  21.— Hall  and  C 

Pivl.  New  York,  VIII,  Pt.  I,  1892,  pi.  17,  fig.  21. 
Irf>c,  Delphi,  Bellona,  Moscow,  Hamilton,  etc.,  New  York. 
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lolson.  Corniferous  (Dev.). 

>lflon,  Geol.  Magazine  London,  n.  ser.,  I,  1874,  p.  118; — 
r74,  p.  77,  fig.  26. 
'agersville,  Ontario. 
i  Hall. 

LaU.  Corniferous  and  Hamilton  (Dev.). 

Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857, 

Hall,  Pal.  New  York,  IV,  1867,  p.  163,  pi.  23,  fig8.  45, 
p.  N.  Y.  State  Geol.,  1883,  pi.  48,  fig.  17.— Hall  and 
k,  VIII,  Pt.  I,  1892,  pi.  17,  fig.  17. 
ft  Meek  and  Worthen,  Geol.  Survey  lUinoin,  III,  1868, 

sneoa  Lake,  New  York ;  Jackson  and  Union  counties. 


tt.  Upper  Devonian. 

[  (non  de  Koninck,  1846),  Geol.  Survey  Iowa,  I,  Pt.  II, 
:.  7.— Meek,  Trans.  Chicago  Acad.  Sci.,  I,  1868,  p.  91, 

1,  1868,  p.  91,  pi.  13,  fig.  4. 

lallanus  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIU,  1884, 

lemyschew,  M^moires  du  Comity  G^ologique  de  St. 

,  p.  114,  pi.  14,  fig.  27.— von  Toll,  Wissensch.  Resultate 

»ed.,  1885  u.  1886, 1889,  p.  25,  pi.  2,  fig.  19. 

lams.  Bull.  Geol.  Soc.  America,  I,  1890,  pL  12,  figs.  8,  9. 

iteaves,  Cont.  Canadian  Pal.,  I,  1891,  p.  216. 

and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  17A, 

^h  Point,  New  York;  Eureka  district,  Nevada)  Atha- 
Urals  of  Russia. 

Chemung  (Dev.). 
>a  Vannxem  (non  Prodnotus  membranaceus  von  Bnch), 
rd  Diet.,  1842,  p.  179,  figs.  4, 5. 
Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  175, 

,  Pal.  New  York,  IV,  1867,  p.  166,  pi.  24,  figs.  17-29;— 
Y.  State  Geol.,  1883,  pi.  48,  figs.  28,  39.— Hall  and 
k,  VIII,  Pt.  I,  1892,  pi.  17,  figs.  28, 39, 45. 
skville,  New  York ;  Covington,  Pennsylvania. 

na  HalL  •    Chemung  (Dev.). 

ectispina  HaU,  Pal.  New  York,  IV,  1867,  p.  168,  pi.  24, 
.nn.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  48,  fig.  37.— Hall 
York,  VIII,  Pt.  I,  1892,  pi.  17,  fig.  37. 
uiia. 

Valcott).  Upper  Devonian. 

alcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  133,  pi. 

ine  districts,  Nevada. 
all=:Strophalosia  hystricula. 
»nrad).  Chemung  (Dev.). 

Conrad,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  VIU, 
:.9. 
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Productella  laehrymosa  (Conrad) — Continued. 

Prodiictus  lachrymo8U8  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  177. 
Productella  lachrymosa  Hall,  Pal.  New  York,  IV,  1867,  p.  172,  pi.  25,  figs.  2S-28. 
Loc.  Factoryvine,  Bath,  ElliDgton,  etc.,  New  York. 

Productella  lachrymosa  lima  (Conrad).  Chenmng  (Dev.). 

Strophomena  Kina  Conrad,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  VIII,  1842,  p.  256. 

Productella  lachrymosa  var.  lima  Hall,  Pal.  New  York,  IV,  1867,  p.  174,  pi.  2.1, 
figs.  29-32;— Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  48,  figs.  22,  23.— 
Whiteaves,  Cont.  Canadian  Pal.,  1, 1891,  p.  217.— Hall  and  Clarke,  Pal.  New 
York,  VIII,  Pt.  I,  1892,  pi.  17,  figs.  22,  23. 

Productns  (Productella)  lachryniosus  var.  limns  Walcott,  Mon.  U.  S.  Geol.  Sur- 
vey, VIII,  1881,  p.  132,  pi.  13,  fig.  18. 

Loo,  Randolph,  Ellington,  etc..  New  York;  Enreka  district,  Nevada;  Mackenzie 
River,  Canada. 

Productella  lachrymosa  stif^mata  Hall.    Chem.  and  Wav.  (Dev.  and  L.  Car.). 
Productella  lachrymosa  var.  stigmata  Hall,  Pal.  New  York,  IV,  1867,  p.  174,  pi. 

25,  figs.  33-41. 
f  ProductuH  f  Meek,  Trans.  Chicago  Acad.  Sci.,  I,  1868,  p.  91,  pi.  13,  fig.  5. 
Prodnctas  (Productella)  lachrymosus  var.  stigmatns  Walcott,  Mon.  U.  S.  Greol. 

Survey,  VIII,  1884,  p.  132.— Herrick,  Bull.  Denison  Univ.,  Ill,  1888,  p.  34,  pi. 

3,  fig.  28. 
Loc.  Clean,  Conewango,   and  Randolph,  New  York;  Licking  County,   Ohio; 

Eureka  district,  Nevada;  Northwest  Territory,  Canada. 

Productella  msBcurueniis  Bathbun.  Middle  Devonian. 

Productella  mnpcnruensis  Rathbnn,  Proc.  Boston  Soc.  Nat.  Hist.,  XX,  1879,  p.  17- 
Loc,  Province  of  Para,  Brazil. 

Productella  marquessi  Rowley.  Eiainilton  (Dev.). 

Productella  marquessi  Rowley,  American  Geologist,  XIII,  1894,  p.  153,  figs.  7,  8. 
Ia>c,  Callaway  County,  Missouri. 

Productella  ininneapolis  Sardeson==Treinatis  huronensis. 

Productella  murchisoniana  (de  Koninck).  Hamilton  (Dev.). 

Productns  murchisonianus  do  Koninck,  M^m.  de  la  Soc.  Royaledes  Sciences  de 
Li<5ge,  IV,  1846,  p.  245,  pi.  16,  fig.  3.— Norwood  and  Pratten,  Jour.  Acad.  Nat. 
Sci.  Philadelphia,  III,  1864,  p.  21. 

Loc.  Devils  Back  Bone,  Illinois. 

Productella  navicella  Hall.  Comiferons  and  Hamilton  (Dev.). 

Produotus  navicellus  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  172. 
Productella  naviceJla  Hall,  Pal.  Now  York,  IV,  1867,  p.  156,  pi.  23,  figs.  1,  3, 

9-11;— Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  48,  figs.  8,  9.— Hall  and 

Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  17,  figs.  8,  9;— Ibidem,  VIII, 

Pt.  II,  1895,  pi.  84,  fig.  19. 
Productns  (Productella)  navicellus  Walcott,  Mon.  U.  S.  Geol.  Survey.  VIII,  1884, 

p.  131,  pi.  13,  fig.  9. 
Loc.  Schoharie  County,   Moscow,  and   Pavilion,   New   York;  Eureka  distriet, 

Neva<la. 

Productella  onusta  Hall.  Chemung  (Dev.). 

Productella  cmusta  Hall,  Pal.  New  York,  IV,  1867,  p.  184,  pi.  26,  figs.  29-42;— 
Second  Ann.  Rep.  N.  Y.  State  Geologist,  1883.  pi.  48,  figs.  40-46.— Hall  and 
Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  17,  figs.  40-43,46. 

Loc.  Conewango,  Napoli,  and  New  Albion,  New  York. 
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Produetella  papnlata  Hall.  Hamilton  (Dev.). 

Productus  papolatns  Hull,  Pal.  New  York,  IV,  1867,  p.  165,  pi.  23,  figs.  47, 48. 
Prodactella  papulata  Hall,  Ibidem,  1867,  corrigenda. 
Lae,  Bellona,  Yates  County,  New  York. 

Prodnetella  productoides  (Murchison).  Hamilton  (Dev.). 

OrthiB  productoides  Murchison,  Ball.  Soc.  Gdol.  de  France,  XI,  1840,  p.  254,  pi. 

2,  fig.  7. 
Strophalosia  prodactoides  Whi leaves,  Cont.  Canadian  Pal.,  I,  1889,  p.  112,  pi. 

15,  fig.  2;— Ibidem,  I,  1891,  p.  216. 
Prodactella  productoides  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892, 

p.  317. 
Prodactella  prodactoides  var.  membranacea  Whiteaves,  Cont.  Caiwulian  Pal.,  I^ 

1892,  p.  282. 
Loc.  £arope;  Athabasca  River,  Lake  Manitoba,  and  Thedford,  Canada. 

Prodnetella  pjrxidata  Hall.  Kinderhook  (L.  Carb.). 

Productus  pyxidatus  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  498,  pi.  3,  fig. 

8.— Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  130. 
Productella  pyxidata  Hall,  Second  Ann.  Rep.  N.  Y.  State  GeoL,  1883,  pi.  48,  fig. 

34.— HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  pi.  17,  fig.  34;  pi.  17A, 

fig.  14.--Keye8,  Geol.  Survey  Missouri,  V,  1895,  p.  52. 
IfOC.  Hamburg,  Illinois;  Louisiana,  Missouri. 
Obs.  Compare  with  Productella  shumardana. 

Prodnetella  rarlBpina  Hall.  Chemnug  (Dev.). 

Productus  rarispinus  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  178. 
Prodactella  rarispina  Hall  Pal.  New  York,  IV,  1867,  p.  170,  pi.  24,  figs.  1-9;— 

Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  48,  fig.  33.— Hall  and  Clarke, 

Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  17,  fig.  33. 
I.OC,  Phillipsburg,  New  York. 

Prodnetella  semiglobofla  Nettelroth.  Goruiferons  (Dev.). 

Productella  semiglobosa  Nettelrotb,  Kentucky  Fossil  Shells,  Mem.  Kentucky 

Geol.  Survey,  1889,  p.  70,  pi.  26,  fig.  7. 
Loc,  Falls  of  Ohio. 

Prodnetella  shnmardana  Hall.  Kiuderhook  (L.  Garb.). 

Productus  sbumardianus  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  499,  pi.  3, 
fig.  9;  pi.  7,  fig.  2. 

Productella  shuniardiana  Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  48, 
fig.  7.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  17,  fig.  7. 

Productus  (Productella)  sbumardianus  Herrick,  Bull.  Denison  Univ.,  Ill,  1888, 
p.  32,  pi.  6,  fig.  16;  pi.  7,  fig.  18. 

Lae,  Clarksville,  Missouri:  Burlington,  Iowa;  Licking  County,  Ohio. 

Obs,  The  identifications  of  this  species  from  Devonian  horizons  are  here  referred 
to  P.  spinulicoeta.  P.  shumardana  is  probably  synonymous  with  P.  pyxi- 
data Hall. 

ProdneteUa  speeiosa  Hall.    Portage,  Ghem.,  and  Kinderb.  (Dev.-L.  Garb.). 

Productus  speciosus  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  176. 
Producta  specioea  A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1863,  p.  4. 
Productella  speciosa  Hall,  Pal.  New  York,  IV,  1867,  p.  175,  pi.  25,  figs.  1-11  ;— 

Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  48,  tigs.  25,  26.— Hall  and 

Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  17,  figs.  25,  26.— Kindle,  Bull. 

American  Pal.,  6,  1896,  p.  35. 
Productus  (Productella)  speciosus  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884, 

p.  133,  pi.  13;  tig.  8. 
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Prodnctella  speciosa  Hall — Continued. 

Prodnctus  (Prodactella)  speciosoBf  Herriok,  Bull.  Denison  Univ.,  Ill,  188i 
Loc.  Leon,  New  Albion,  and  Ithaca,  New  York ;  Licking  County,  Ohio ;  Bi 
ton,  Iowa;  Eureka  district,  Nevada. 

Productella  spinnlicosta  Hall.  Corniferoas  to  Hamilton  (J 

Prodnctus  subaculeatus  Norwood  and  Pratten  (non  Murchison),  Jour.  Acafi 

Sci.  PhUadolphia,  III,  1854,  p.  21.— Meek,  King's  U.  S.  Geol.  ExpL  4ath 

IV,  1877,  p.  36,  pi.  3,  fig.  7. 

ProductuB  subaculeatus  f  Meek,  Simpson's  Rep.  Expl.  Great  Basin  Terr. 

1876,  p.  345,  pi.  1,  fig.  3. 
Prodnctus  spinulicostus  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857, 
^       Productella  spinnlicosta  Hall,  Pal.  New  York,  IV,  1867,  p.  160,  pL  23,  fi^ 

26-34  ;~Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  48,  figs.  3-6.— Whit 

Cont.  Canadian  Pal.,  I,  1891,  p.  217,  pi.  29,  fig.  3;  pi.  31,  fig.  1.— Ha 

Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  17,  figs.  3-6. 
Productella  subaculeata  Hall,  Pal.  New  York,  IV,  1867,  p.  154,  pi.  23,  figs. 

Whiteaves,  Cont.  Canadian  Pal.,  I,  1892,  p.  283.— Hall  and  Clarke,  Pa 

York,  VIII,  Pt.  I,  1892,  pi.  17,  figs.  1,  2. 
Productella  subaculeata f  Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883, 

figs.  1,  2. 
Produotus  (Productella)  subaculeata  Walcott,  Mon.  U.  S.  Geol.  Sorrejj 

1884,  pp.  128,  214,  pi.  7,  fig.  2;  pi.  13,  figs.  19,  20. 
Prodnctus  (Productella)  subaculeatus  var.  cataractus  HaU  and  Whitfield,  T\ 

fourth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1872,  p.  198 ;—Twenty-8e vent] 

Ibidem,  1875,  pi.  9,  figs.  9,10. 
Productella  subaculeata  var.  cataracta  Nettelroth,  Kentucky  Fossil  Shells, 

Kentucky  Geol.  Survey,  1889,  p.  69,  pi.  17,  figd.  !^9.— Whiteaves, 

Canadian  Pal.,  I,  1891,  p.  217. 
Loc.  New  York;  Ohio;  Falls  of  Ohio;  Illinois;  Iowa;  Wisconsin;  Eniel 

trict,  Nevada ;  Utah ;  Mackenzie  and  Hay  rivers,  and  Lake  Manitoba,  d 
0&8.  Some  authors  are  disposed  to  regard  as  synonyms  of  this  species,  I 

the  above,  P.  pyxidata,  P.  shumardana,  and  P.  concentrica,  and  all  oi 

forms  are  thought  to  be  identical  with  P.  subaculeata  Murchison.    ¥ 

present  it  is  preferable  to  retain  the  name  P.  spinnlicosta  for  these  Am 

Devonian  forms.    P.  pyxidata,  P.  shumardana,  and  P.  concentrica  ar 

arranged  as  species,  but  will  probably  be  shown  to  be  synonymoni 

P.  spinnlicosta. 

Productella  striatula  Hall.  Chemung  (1 

Productella  striatula  Hall,  Pal.  New  York,  IV,  1867,  p.  177,  pi.  25,  figs.  14 
Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  48,  figs.  27,  38.~Hi 
Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  17,  figs.  27,  38,  44. 
Loc.  New  Albion,  Conewango,  and  Cold  Spring,  New  York. 

Productella  subaculeata  of  American  author8=Productella8pinuli< 
Productella  subaculeata  cataracta  Hall  and  Whitfield  =  Produ 
spinnlicosta. 

Prodnctella  subalata  Hall.  Middle  Devc 

Prodnctus  subalatus  Hail,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p. 

Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  500,  pi.  3,  fig.  10. 

Prodnctus  callawayensis  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  1, 1860,  p. 

ProducteUa  subalata  HaU,  Pal.  New  York,  IV,  1867,  p.  165,  pi.  23,  fig.  49; 

ond  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  48,  fig.  16.— HaU  and  Clark< 

New  York,  VIII,  Pt.  I,  1892,  pi.  17,  fig.  16.— Keyes,  Geol.  Survey  MIj 

V,  1895,  p.  52. 

Loo,  Rock  Island,  Illinois ;  Callaway  County,  Missouri ;  Spring  Valley,  Mini 
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Prodnetella  tnmcata  Hall=Strophalo8ia  trancata. 

Produetella  tnllia  Hall.  Hamilton  (Dev.). 

Prodnetella  tnllia  Hall,  Pal.  New  York,  IV,  1867,  p.  164,  pi.  23,  figs.  41-44. 
Loc.  Tally  and  Delphi  Falls,  New  York. 

PROBUCrrnS  Sowerby.  Genotype  Anomites  prodnctus  Martin=:Pro- 
dnctas  martini  Sowerby  ^^  Prodnctus  semireticnlatns 
(Martin). 

Prodnctus  Sowerby,  Mineral  Conchology,  1, 1814,  p.  153.— de  Koninck,  Recher. 
Animaux  Foss.,  Pt.  1, 1847,  p.  11.— HaU,  Twentieth  Rep.  N.  Y.  State  Cab. 
Nat.  Hist.,  1867,  p.  245;— Pal.  New  York,  IV,  1867,  p.  146.— HaU  and  Clarke, 
Pal.  New  York,  VIH,  Pt.  I,  1892,  p.  321 ;— Eleventh  Ann.  Rep.  N.  Y.  State 
Geologist,  1894,  p.  297. 

Prodnctus  sequicostatus  Shumard= Prodnctus  cora. 

Prodnctui  altematos  Norwood  and  Pratten.  Keokuk  (L.  Garb.). 

Prodnctns  altematns  Norwood  and  Pratten,  Jour.  Acad.  Nat.  8ci.  Philadelphia, 

III,  1854,  p.  20,  pi.  2,  fig.  1.— Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883, 

pi.  49,  fig.  14.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  18, 

fig.  14. 
Prodnctns  yittatns  Hall,  Geol.  Snrvey  Iowa,  I,  Pt.  II,  1858,  p.  639.— Hall  and 

Clarke,  Pal.  New  York,  VIII.  Pt.  I,  1892,  pi.  18,  figs.  15-17.— Keyee,  Geol. 

Snrvey  Missonri,  V,  1895,  p.  43.    . 
Prodnctns  vittata  HaU,  Second  Ann.  Rep.  N.  Y.  State  Geologist,  1883,  pi.  49, 

figs.  15-17. 
Loc,  Rocky  Rnn,  Hancock  Connty,  Illinois;  Keoknk,  Iowa;  Bnrlington  gronp, 

Bnrlington,  Iowa. 
Oh9,  Compare  with  Prodnctns  fimbriatns  and  P.  gradatns. 

Piodnetus  altonensLi  Norwood  and  Pratten.  St.  Louis  (L.  Garb.). 

Prodnctns  altonensis  Norwood  and  Pratten,  Jonr.  Acad.  Nat.  Sci.  Philadelphia, 

III,  1854,  p.  7,  pi.  1,  fig.  1. 
Lac,  Alton,  Illinois. 

Prodnctus  americanus  Swallow=Productu8  cora. 
Prodnctus  andii  d^Orbigny=Orthi8  buchi. 
Prodnctns  arctirostratus  Hall=: Prodnetella  arctirostrata. 
Prodnctus  arcuatus  Hall=Productella  arcuata. 
Prodnctns  asperus  McOhe8uey=Productus  nebrascensis. 

Productos  anriculatofl  Swallow.  fUpper  Garboniferous. 

Prodnctns  anricnlatns  SwaUow,  Trans.  St.  Lonis  Acad.  Sci.,  II,  1863,  p.  92. 
Prodnctns  (tanriculatns)  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  pi. 

17 A,  fig.  24. 
Loc,  Formation  and  locality  not  given.   ( '^  Near  Kansas  City,  Missonri,"  H.  and  C. ) 

Prodnctns  batenaniu  Derby.  Upper  Garboniferous. 

Prodnctns  batesianns  Derby,  Bull.  Cornell  Univ.,  I,  1874,  p.  54,  pi.  1,  figs.  2, 

10-13, 15;  pi.  2,  fig.  14;  pi.  6,  figs.  4,  7,  9. 
Loc,  Bongardim  and  Itaitnba,  Brazil. 

Prodnctos  biMriatns  Hall.  St.  Louis  (L.  Garb.). 

Prodnctns  biseriatus  Hall,  Trans.  Albany  Institute,  IV,  1858,  p.  12.--Whitfield, 
BnU.  American  Mns.  Nat.  Hist.,  1, 1882,  p.  46,  pi.  6,  figs.  8-12.— HaU,  Twelfth 
Rep.  State  Geol.  Indiana,  1883,  p,  325,  pl.  29,  figs.  8-12.— Key es,  Geol.  Snr- 
vey Missonri,  V,  1895,  p.  43. 

Loc.  Alton,  lUinois;  Bloomington  and  Spergen  HiU,  Indiana;  Crittenden 
Coonty,  Kentucky;  Missouri.  ^  j 
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Frodnctus  blairi  Miller.  Choateaa  (L.  C 

Productus  blairi  Miller,  SeventeoDth  Kep.  State  Geol.  of  Indiana,  1891,  p 

13,  figs.  16, 17. 
Loc.  Sedalia,  Missouri. 

Prodnotos  boliviaensiB  d'Orbigny.  Upper  Garbonil 

Prodnctus  boliviensis  d'Orbigny,  Voyage  dans  TAm^riqne  Meridional! 
1842,  p.  52,  pi.  4,  figs.  5-9.— de  Koninck,  M^m.  de  la  Soc.  Royale  dea  Sci 
IV,  1847,  p.  177,  pi.  8,  fig.  2 ; — Recberches  siir  les  Animaux  Foesiles,  Pt. 
p.  76,  pi.  8,  fig.  2.— Norwood  and  Pratten,  Jour.  Acad.  Nat.  Sci.  Philad 

III,  1854,  p.  11. 

Productus  cancrini  Gabb,  Jonr.  Acad.  Nat.  Sci.  Philadelpbia,  2d  ser.,  VII 

p.  302. 
Loc.  Yarbicbambi  and  Lake  Titicaca,  Bolivia;  near  Richmond,  Missouri. 

Prodnotos  booneiuis  Swallow.  Upper  Carbonif 

Productus  boonensis  Swallow,  Trana.  St.  Louis  Acad.  Sci.,  I,  1858,  p.  217, 
Loc,  Near  the  mouth  of  Platte  River;  Kansas  and  Missouri. 
Ohs.  Compare  with  Productus  undiferus  de  Koninck. 

FroductuB  boonensis  elevata  Swallow.  Upper  Carbonif 

Productus  boonensis  var.  elevata  Swallow,  Trans.  St.  Louis  Acad.  Sci., 

p.  217. 
Loc,  Near  the  mouth  of  Platte  River,  Missouri. 

Productus  boydi  Hall=Productella  boydi. 

Productus  buchianus  de  Koninck.  Upper  Carbonif 

Productus  buchianus  de  Koninck,  Recberches  sur  les  Animaux  Fossilea 

1847,  p.  129,  pi.  18,  fig.  4.— Norwood  and  Pratten,  Jour.  Acad.  Na 

Philadelphia,  III,  1854,  p.  20. 
Loc.  Belgium ;  Big  Creek,  Posey  County,  Indiana. 

Productus  burling^nensis  Hall.  Burlington  (L.  C 

Productus  flemingi  var.  bnrlingtonensis  Hall,  Geol.  Survey  Iowa,  I,  Pt.  I 

p.  598,  pi.  12,  tig.  3.— Hall  and  Whitfield,  King's  U.  S.  Geol.  Expl.  40tl 

IV,  1877,  p.  265,  pi.  5,  figs.  9-12.— Hall,  Second  Ann.  Rep.  N.  Y.  State 
1883,  pi.  49,  figs.  G-S.—Herrick,  Bull.  Denison  Univ.,  Ill,  1888,  p.  32 
figs.  20(f22).— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892, 
figs.  6-8. 

Productus  bnrlingtonensis  Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  41. 
Loc.  Burlington,  Iowa;  Quincy,  Illinois;  Missouri;  Oquin-h  Mountains,  ^ 
Oha.  Compare  with  P.  mesialis. 

Productus  calhounianus  Geinitz  (non  Swallow) =Productu8  cora. 
Productns  calbouniaiiiis  Swallow=Productu8  semireticulatns. 
Productus  calhounianus  kansasensis  Swallow =Productu8  semiret 

tus  kansasensis. 
Productus  callawayensis  S wallow =Productella  subalata. 
I'roductus  cancrini  Geinitz = Productus  per  tenuis. 
Productus  cancrini  Gabb=P.  boliviaensis. 

Productus  capacii  d'Orbiguy.  Upper  Carboniff 

Productus  capacii  d'Orbigny,  Voyage  dans  TAm^rique  M^ridionale,  Pal. 

p.  50,  pi.  3,  figs.  24-26. 
Loc.  Yarbicbambi,  Bolivia. 
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Prodnctni  carbonariiui  de  Koninck.  Garboniferons. 

Prodnctiui  carbonariiui  de  Koninck,  Deaoription  Animauz  Fooailes,  1844,  p.  181, 
pi.  12  bis,  fig.  l.'Norwood  and  Pratten,  Jour.  Acad.  Nat.  Set.  Philadelphia, 
III,  1854,  p.  11. 
/rOC.  Belgium ;  Fountain  Blnff,  Illinois. 

Prodactus  cestriensis  Wortlien=Prodactu8  fasciculatns. 

Productiu  ehandleffii  Derby.  Upper  Carboniferous. 

Prodnctns  chandlessii  Derby,  Bnll.  Cornell  Univ.,  1, 1874,  p.  51,  pi.  4,  figs.  1-4,7, 

»-ll,  13, 16;  pi.  6,  fig.  1;— Bnll.  Mns.  Comp.  Zool.,  Ill,  1876,  p.  280. 
Loc.  Itaitnba,  Brazil;  Yampopata,  Bolivia. 
Obt.  Compare  with  Prodnotns  boliviaensis  d'Orbigny. 

Produotofl  clarkiaiiiui  Derby.  Upper  Carboniferous. 

Prodnctns  clarkianns  Derby,  Bnll.  Cornell  Univ.,  I,  1874,  p.  59,  pi.  6,  fig.  6; 

pi.  9,  figs.  12, 13. 
Loc.  Itaitnba  and  Bon^ardim,  Brazil. 

Prodnctus  clavus  Norwood  and  Pratten=Probo8cidel1a  clava. 
Productus  concentricus  Hall=Productel1a  coucentrica. 

ProductUB  confragofus  Conrad.  Upper  C'urboniferous. 

Prodnctns  coufragoens  Conrad,  Trans.  Geol.  Soc.  Pennsylvania,  I,  1836,  p.  268, 

pi.  12,  fig.  5. 
Loc,  AUegbany  Mountains,  Pennsylvania. 
Ob8.  Not  well  established. 

Prodootna  coopereniis  Swallow.  Einderhook  (L.  Carb.). 

Productus  cooperensis  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  I,  1860,  p.  64C. — ^A. 

Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1865,  p.  115. 
Prodnctus  cooperensis f  A.  Winchell,  Proc.  American  Philosophical  Soo.,  XII, 

1870,  p.  249. 
Loc,  Cooper  County,  Missouri;  Burlington,  Iowa;  SciotoviUe,  Ohio. 
Obs.  Keyes  regards  this  species  as  a  synonym  for  Prodnotella  arouata. 

Prodaotofl  cora  d'Orbigny.  .Upper  Carboniferous. 

Productns  cora  d'Orbigny,  Voyage  dans  rAm^riqneM^ridionale,  Pal.,  1842,  p.  55, 
pi.  5,  figs.  8-10.— de  Koninck,  Becherohes  sur  les  Animaux  Fossiles,  Pt,  1, 1847, 
p.  50,  pi.  4,  fig.  4 ;  pi.  5,  fig.  2. — Owen,  Oeol.  Rep.  Wisconsin,  Iowa,  and  Min- 
nesota, 1852,  pp.  103, 136,  pi.  5,  fig.  1.— Norwood  and  Pratten,  Jonr.  Acad. 
Nat.  Sci.  Philadelphia,  III,  1854,  p.  6.— Marcon,  Geol.  North  America,  1858, 
p.  45,  pi.  6,  fig.  4.— Davidson,  Quart.  Jour.  Geol.  Soc.  London,  XIX,  1863,  p. 
174,  pi.  9,  figs.  22, 23.— Geinitz,  Carbon  und  Dyas  in  Nebraska,  1866,  p.  50.— 
Derby,  Bnll.  Mns.  Comp.  Zool.,  Ill,  1876,  p.  281.— Dawson,  Acadian  Geology, 
3d  ed.,  1878,  p.  297,  fig.  98.— Waagen,  Palspontologica  Indica,  Ser.  XIII,  I, 
1884,  p.  677.— White,  Thirteenth  Rep.  State  Geol.  Indiana,  1884,  p.  126,  pi. 
26,  figs.  1-3.— Herrick,  Bnll.  Denison  Univ.,  II,  1887,  p.  47,  pi.  2,  fig.  26.— 
Keyes,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1888,  p.  227;— Geol.  Survey  Mis- 
souri, V,  1895,  p.  47,  pi.  37,  fig.  2. 

Productus  cfir.  cora  Toula,  Sitzb.  der  k.  k.  Akad.  der  Wissensch.  zn  Wien,  LIX, 
1869,  p.  9. 

Productus  coraf  Derby,  Bull.  Cornell  Univ.,  I,  1874,  p.  49,  pi.  2,  fig.  17  j  pi.  6, 
fig.  IT. 

Productus  lyelli  de  Vemeuil,  Lyell's  Travels  in  North  America,  II,  1845,  p.  221.->- 
Dawson,  Acadian  Geology,  1855,  p.  219,  fig.  g. 

Prodnctus  sp.  Christy,  Letters  on  Geology,  1848,  pi.  5,  fig.  1. 

BuU.  87 ^21  ^  , 
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Prodnotos  cora  d^Orbigny — Continued. 

Productus  semireticnlatiui  Hall,  Stansbory'B  Expl.  and  Snrvey  Valley  Gre 

Lake,  Utah,  1852,  p.  411,  pi.  3,  figs.  3, 5. 
Prodnctns  prattenianns  Norwood,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  II 
p.  17,  fig.  10.— Meek,  Final  Rep.  U.  S.  Geol.  Survey  of  Nebraska,  1872, 
pi.  2,  fig.  5;  pi.  5,  fig.  13;  pi.  8,  fig.  10.— White,  Wheeler's  Expl.  and 
west  lOOth  Meridian,  IV,  1875,  p.  113,  pi.  7,  fig.  1.— Meek,  Kinp'a  U.  8 
Erpl.  40th  Pari.,  IV,  1877,  p.  72,  pi.  7,  fig.  7. 
ProdactuB  mqnicostatns  Shnmard,  Geol.  Rep.  Missouri,  1, 1855,  p.  201,  PI 
10.— Schiel,  Pacific  R.  R.  Reports,  II,  1855,  p.  108,  pi.  2,  figs.  4,5.— Ha 
Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  figs.  22,23. 
Prodnctns  pileiformis  McChesney,  New  Pal.  Fossils,  1860,  p.  40. — Wh: 
Annals  N.  Y.  Acad.  Sci.,  V,  1891,  p.  582,  pi.  13,  figs.  13, 14;— Geol.  Ohi 
1895,  p.  470,  pi.  9,  figs.  13, 14. 
Productus  americanuB  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  II,  1863,  p.  9 
Productus  flemingi  Greinitz  (non  de  Koninck),  Carbon  und  Dyas  in  Neb 
1866,  p.  52,  pi.  4,  figs.  1-4. 
li  fi  T 1  Productus  koninckianus  Geinitz  (non  de  Vemeuil),  Ibidem,  1866,  p.  53,  pi.  4 

Productus  calhouuianus  Geinitz  (non  Swallow),  Ibidem,  1866. 
.J,  Loc,  Throughout  the  Upper  Carboniferous  of  North  America;   Itaituh 

iljf*  Barreirinha,  Brazil;  Yampopata,  Cochabamba,  and  Lak&Titicaca,  B< 

I M  ^  Kashmere. 

'  *  Oba.  See  Productus  no^osus  and  P.  hildrethianus. 

I .  *  Productus  cora  mogoyoni  Marcou.  Upper  Oarbonifc 

^ '  ^  Productus  cora  var.  mogoyoni  Marcou,  Geol.  North  America,  1858,  p.  45 

i;;;  h-^- 

I II  Loc,  Sien-a  de  Mogoyn,  or  Sierra  Blanca,  near  the  extinct  volcano  San  Frai 

Arizona. 

Productus  coriformifl  Swallow.  St.  Loais  (L.  C 

Productus  corieformis  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  II,  1863,  p.  ^ 

Loc.  Cooper  County,  Missouri. 

Oba,  Keyes  regards  this  species  as  a  synonym  for  P.  laBvicostus. 

Productus  cofftatoides  Swallow.  Upper  Carbonif( 

Productus  costatoides  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  I,  1858,  p. 

l^ewberry,  Ives's  Rep.  Colorado  River  of  the  West,  1861,  p  123. 
Loc.  Kansas ;  banks  of  Colorado  River. 
Oba,  Keyes  regards  this  species  as  identical  with  P.  longispinus. 

Productus  costatus  (Sowerby  ?)  de  Koninck.  Upper  Garbonife 

fProductus  costatus  Sowerby,  Mineral  Conchology,  VI,  1827,  p.   115,  p 

fig.L 
Productus  costatus  de  Koninck,  Recherches  snr  les  Animaux  Fossiles, 
1847,  p.  92,  pi.  8,  fig.  3;  pi.  10,  fig.  3;  pi.  18,  fig.  3.— Norwood  and  Pi 
Jour.  Acad.  Nat.  Sci.  Philadelphia,  III,  1854,  p.  11.— Marcou,  GeoL 
America,  1858,  p.  46,  pi.  5,  fig.  5. — Geinitz,  Carbon  und  Dyaa  in  Neb 
1866,  p.  51.— Meek,  Final  Rep.  U.  S.  Geol.  Survey  Nebraska,  1872,  p.  159 
fig.  6.— White,  Wheeler's  Expl.  and  Survey  West  lOOth  Meridian,  IV 
p.  109,  pi.  8,  fig.  2;— Second  Ann.  Rep.  Indiana  Bureau  of  Statistic 
Geol.,  1880,  p.  516,  pi.  8,  figs.  7,  8;— Tenth  Rep.  State  Geol.  ludiaoi^ 
p.  148,  pi.  8,  figs.  7,  8.— Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol., 
pi.  50,  figs.  8-13.— White,  Thirteenth  Rep.  State  Geol,  Indiana,  1884,  \ 
pi.  24,  figs.  4-6;  pi.  25,  figs.  3-5.— Hall  and  Clarke,  Pal.  New  York,  VIH, 
1892,  pi.  19,  figs.  8-13.— Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  51,  ] 
fig.  1. 
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Prodaetuf  cofftetnf  (Sowerby  t)  de  Koninck — Gontinaed. 

Prodactns  costatiisf  Derby,  Ball.  Mas.  Comp.  Zool.,  Ill,  1876^  p.  280. 

Ptodactas  ooetatos  var.  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  712,  pi.  28, 
figs.  3,  4.— Meek,  King's  U.  8.  Geol.  Expl.  40th,  Pari.,  IV,  1877,  pi.  7,  fig.  4. 

Prodaotos  portlockianos  Norwood  and  Pratten,  Joar.  Acad.  Nat.  8ci.  Philadel- 
phia, III,  1854,  p.  15,  pi.  1,  fig.  9. 

Prodactns  sp.  Rogers,  Geol.  Pennsylyania,  II,  Pt.  II,  1858,  p.  833,  fig.  687. 

Prodactns  yiminalis  White,  Proc.  Boston  Soc.  Nat.  Hist.,  IX,  1862,  p.  29. 

Loo.  Europe;  thronghout  the  Upper  Carboniferous  of  North' America;  Yampo* 
pata,  Boliyia. 

Ohs,  Sowerby's  species  is  of  uncertain  yalne.  llie  above  synonomy  is  based 
upon  P.  costatns  as  redefined  and  illustrated  by  de  Koninck. 

Prodactns  ourtirofltratnB  A.  Winche]!.  Kinderhook  (L.  Garb.). 

Prodncta  curtirostra  A.  Winohell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1866, 

p.  114. 
Prodactns  curtirostratus  Miller,  N.  American  Geol.  Pal.,  1889,  p.  364. 
Loo.  Burlington,  Iowa. 

Prodactos  ddawarei  Marcou.  Oarboniferoas. 

Productns  delawarii  Marcou,  Geol.  North  America,  1858,  p.  45,  pi.  5,  fig.  3. 
Loc.  Foot  of  Delaware  Mountain,  Texas. 
Oh:  Compare  with  Productns  cora  d'Orbigny. 

ProductiiB  depresins  Swallow.  Keokuk  (L.  Garb.)« 

Productus  depressus  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  II,  1863,  p.  93. 
Loc.  Fenton,  St.  Louis  County,  Missouri. 

Productus  dissimilis  Hall  (uou  de  Koniuck)=Productella  ballana. 

ProductUB  dolorosns  A.  Winchell.  Waverly  (L.  Garb.). 

Productus  dolorosus  A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1865,  p.  114. 
Loe.  Weymouth,  Medina  County,  Ohio. 

Productus  dumosus  Hall=Prodactella  dumosa. 

Productns  duplioostatna  A.  Winchell.  Waverly  (L.  Garb.). 

Productus  duplicostatus  A.  Winchell,  Proo.  Acad.  Nat.  Sci.  Philadelphia,  1865, 

p.  113.— Herrick,  Bull.  Deni^on  Univ.,  IV,  1888,  p.  21,  pi.  11,  figs.  26, 29. 
Loc.  Knox  and  Licking  eounties,  Ohio ;  Battlecreek,  Michigan. 

Productus  elegans  Norwood  and  Pratten  (non  McCoy) = Productus  fasi- 

culatus. 
Productus  exanthematus  Hall=:Productella  exanthemata. 

ProdnetUB  fiucicolatas  McChesney.  Kaskaskia  (L.  Oarb.). 

Productus  elegans  Norwood  and  Pratten  (non  McCoy),  Jour.  Acad.  Nat.  Sci. 
PhUadelphia,  ni,  1854,  p.  13,  fig.  7.— Whitfield,  Annals  N.  Y.  Acad.  Sci.,  V, 
1891,  p.  681,  pi.  13,  figs.  15-16;— Geol.  Ohio,  VII,  1895,  p.  469,  pi.  9,  figs.  15, 16. 

Productus  fascioulatns  McChesney,  New  Pal.  Fossils,  1860,  p.  38. 

Productus  cestriencis  Worthen,  Trans.  St.  Louis  Acad.  Sci.,  I,  1860,  p.  670. — 
Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  44. 

fProductns  elegans  Hall  and  Whitfield,  King's  U.  S.  Geol.  Expl.  40th  Pari.,  IV, 
1877,  p.  268,  pi.  5,  figs.  3,  4. 

Loc.  Chester  and  Kaskaskia,  Illinois ;  Leayen worth  and  Washington  County, 
Indiana;  Missouri;  Monongalia  County,  West  Virginia;  Caldwell  County, 
Kentucky;  Newton viUe,  Ohio;  fOqnirrh  Mountains,  Utah. 
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Produotoi  ftntonensii  Swallow.  Keokuk  (L.  Garb.). 

Prodactns  fentoneiiBis  Swallow,  Trans.  St.  Lonis  Acad.  Sci.,  II,  1863,  p.  93. 
Xoc.  Fen  ton,  St.  Loais  Connty^  Missonri. 
Obs.  Keyes  says  thie  ia  a  synonym  for  P.  magnae. 

Productiu  fimbriatnfl  Sowerby.  f St.  Louis,     flipper  Carboniferous. 

ProdactuB  fimbriatos  Soworby,  Mineral  Conchology,  V,  1824,  p.  85,  pi.  458,  fig. 

1. — Norwood  and  Pratten,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  III,  1854,  p. 

19.— Etheiidge,  Quart.  Jour.  Geol.  Soc.  London,  XXXIV,  1878,  p.  630. 
Loc.  Alton,  Illinois;  Posey  County,  Indiana;  Feilden  Isthmus,  lat.  82^  43'. 
Ohs.  Compare  with  Productus  altematus  Norwood  and  Pratten. 

Productus  flemiugi  Geiuitz  (uon  de  Koninck)= Productus  cora. 
Productus  flemingi  Marcou,  and  Boemer= Productus  loDgispina. 
Productus  flemiugi  burlingtonensis  Hall = Productus  burlingtonensis. 

Produotos  flexistria  McCoy.  Kaskaskia  (L.  Carb.). 

Productus  flexistria  McCoy,  Synopsis  Carb.  Fossils  of  Ireland,  1844,  p.  109,  pi. 

20,  fig.  16.— Norwood  and  Pratten,  Jour.  Aead.  Nat.  Sci.  Philadelphia,  UI, 

1864,  p.  6. 
Loc,  Chester,  Kaskaskia,  and  Fountain  Bluff,  Illinois ;  Stephensport,  Kentucky. 

Productiu  giganteus  (Martin).  Upper  Carboniferoufi. 

Anomites  giganteus  Martin,  Petrefaota  Derbiensia^  1809,  p.  6,  pi.  15,  fig.  1. 
Productus  giganteus  White,  Proc.  U.  S.  Nat.  Mus.,  Ill,  1880,  ]».  46 ;— Pwelfth  Ann. 

Rep.  U.  S.  Geol.  Survey  of  the  Terr.,  1883,  p.  132,  pi.  36,  fig.  1. 
Loc,  Europe;  McCloud  River,  Shasta  County,  California. 

Produotns  graoilis  A.  Winchell.  Waverly  (L.  Carb.). 

Productus  gracilis  A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1865,  p.  112.— 

Herrick,  BnU.  Denison  Univ.,  Ill,  1888,  p.  34,  pi.  7,  fig.  2. 
Productus  gracilis?  A.  Winchell,  Proc.  American  Philosophical  Soc.,  XII,  1870, 

p.  250. 
Loc,  Near  Cuyahoga  FaUs,  Sciotoville,  and  Granville,  Ohio. 

Productufl  gradatas  Swallow.  Keokuk  (L.  Carb.). 

Productus  gradatns  Swallow,  Trans.  St.  Louis  Acad.  Set.,  II,  1863,  p.  93. 
Loe,  Keokuk,  Iowa ;  Lewis  and  St.  Louis  counties,  Missonri. 
Ohs,  Keyes  regards  this  species  as  identical  with  P.  vittatus=P.  altematus. 

Produotns  granulosus  Phillips.  Keokuk  (L.  Carb.). 

Productus  granulosus  Phillips,  Geol.  Yorkshire,  II,  1836,  p.  216,  pi.  8,  fig.  15.— Nor- 
wood and  Pratten,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  III,  1854,  p.  21. 
Loc,  Nauvoo,  Illinois. 

Productus  hepar  Morton.  Upper  Carboniferous. 

Productus  hepar  Morton,  American  Jour.  Sci.,  XXIX,  1836,  p.  153,  pi.  26,  fig.  39. 
Loc.  Junior  Furnace,  Scioto  County,  Ohio. 
Ohe,  Not  recognizable. 

Productus  hildrethanns  !N^orwood  and  Pratten.         Upper  Carboniferous. 
Productus  hildrethianus  Norwood  and  Pratten,  Jour.  Acad.  Nat.  Sci.  Philadel- 
phia, III,  1854,  p.  18,  pi.  1,  fig.  11. 
Loe.  Charboniere,  Missouri. 
Ohs.  Keyes  regards  this  form  as  a  synonym  for  P.  cora. 

Productus  hirsutiforme  Walcott=Productella  hirsutiforme. 
Productus  hirsutus  Hall=Productella  hirsuta. 
Productus  horridus  (non  Sowerby) = Productus  longispina. 
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Piodnctns  humboldti  d'Orbigny.  Upper  Garboniferoas. 

Prodactns  hambolclti  d'Orbigny,  Voyage  dans  rAmdriqne  M^ridionale,  Pal.,  1842, 

p.  54,  pi.  5,  figs.  4-7.— de  Koninck,  Recherohes  anr  les  Animaux  Fossiles,  Pt. 

1, 1847,  p.  114,  pi.  12,  fig.  2.— Tonla,  Sitzb.  der  k.  k.  Akad.  der  Wiaseosch., 

XVni,  1873,  p.  16,  pi.  2,  fig.  3.— Waagen,  PalaBontologioa  Indica,  Ser.  XIII,  I, 

1884,  p.  695,  pi.  76,  figs.  1-3. 
Prodactns  hnmboldti  f  de  Keyserliog,  Reise  in  das  Petschora-Land,  1846,  p.  201, 

pi.  4,  fig.  3. 
Loe.  Yarbichambi,  BoliTia ;  south  end  of  Spitz bergen;  Niehnei-Irginsk,  Rnseia; 

India;  Kashmere. 

Prodnctus  inca  d'OrbignysProdnctus  Remireticulatiis. 
Producta  incuryata  Shepard=Strophoinena  incarvata. 
Pzodaotm  indianaeniis  Hall.  St.  Louis  (L.  Garb.). 

Ptodnotns  indianensia  Hall,  Trans.  Albany  Institute,  IV,  1858,  p.  13.— Whitfield, 
Bull.  American  Mns.  Nat.  Hist.,  I,  1882,  p.  47,  pi.  6,  figs.  6,  7.— Hall,  Twelfth 
Rep.  State  Geol.  Indiana,  1883,  p.  326,  pi.  29,  figs.  6,  7. 

Loc,  Spergen  Hill,  Indiana. 

Prodnctus  inflatas  McGbesuey.  Upper  Garboniferoas. 

Productus  inflatns  McChesney,  New  Pal.  Fossils,  1860,  p.  40;~Trans.  Chicago 

Acad.  Sci.,  I,  1868,  p.  27,  pi.  6,  fig.  1. 
Zoo.  Leavenworth,  Indiana. 

Productus  iveii  Newberry.  Upper  Garboniferous. 

Prodnctus  ivesi  Newberry,  Ives's  Rep.  Colorado  River  of  the  West,  1861,  p.  122, 

pi.  2,  figs.  1-8. 
Loc,  Colorado  River  near  mouth  of  Diamond  River. 

Prodnctas  koninckianus  Geinitz  (non  de  yerDeail)=Productus  cora. 

Productus  Isvioosta  White.  Kinderhook  (L.  Garb.). 

Prodnctus  Isvicostns  White,  Jour.  Boston  Soc.  Nat.  Hist.,  VII,  1860,  p.  230.— 

Keyes,  Geol.  Survey  Missoari,  V,  1895,  p.  41,  pi.  38,  fig.  1. 
Productus  IsBvicostus  t  Hall  and  Whitfield,  King's  U.  S.  Geol.  Ezpl.  40th  Pari., 

IV,  1877,  p.  266,  pi.  5,  figs.  7,  8. 
Loe,  Burlington,  Iowa;  Louisiana,  Missouri;  Oquirrh  Mountains,  Utah. 
Ohn,  Compare  with  P.  coraeformis. 

Prodnctas  lasallensis  Worthen.  Upper  Garbopiferons. 

Prodnctus  lasallensis  Worthen,  Geol.  Survey  Illinois,  V,  1873,  p.  569,  pl.  25,  fig. 

9.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pl.  17A,  fig.  13. 
Loc.  Lasalle,  lUinois. 

Prodnctns  latissimns  Sowerbj.  Garboniferoas. 

Productus  latissimns  Sowerby,  Mineral  Conchology,  1822,  pl.  330. — ^Meek,  Bull. 

U.  8.  Geol.  Survey  of  the  Terr.,  II,  1876,  p.  354,  pl.  1,  fig.  1. 
Loc,  Europe;  Vancouver  Island. 

Prodnctus  lenchtenbergensis  de  Koninck.  Garboniferoas. 

Prodnctus  lenchtenbergensis  de  Koninck,  Recherches  sur  les  Animaux  Fossiles, 
Pt.  I,  1847,  p.  121,  pl.  14,  fig.  3.— Norwood  and  Pratten,  Jour.  Acad.  Nat.  Sci. 
Philadelphia,  III,  1854,  p.  19. 

Loc,  Europe;  Masons  Landing,  Jersey  County,  Illinois. 

Prodnctas  lonpspina  Sowerby  t  Upper  Garboniferous. 

fProdiictttH  longispinns  Sowerby,  Mineral  Conchology,  I,  1814,  p.  154,  pl.  68, 

fig.  1. 
Productus  longispinns  Salter,  Quart.  Jour.  Geol.  Soc.  London,  XVII,  1861,  p.  64, 

pl.  4,  fig.  2.— Meek,  Final  Rep.  U.  S.  Geol.  Survey  Nebraska,  1872,  p.  161,  pl. 
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Froductiu  longispina  Sowerby  f — Continued. 

6,  fig.  7;  pi.  8,  fig.  6.— Meek  and  Worthen,  Gcol.  Survey  lUinois,  V,  1 
569,  pi.  25,  fig.  10.— White,  Wheeler's  Expl.  and  Survey  west  100th  Me 
IV,  1875,  p.  118,  pi.  8,  fig.  5.— Meek,  King's  U.  S.  Geol.  Expl.  40th  Pai 
1877,  p.  78,  pi.  8,  fig.  4.— Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1 
50,  figs.  1-4.— White,  Thirteenth  Rep.  State  Geol.  Indiana,  1884,  p.  1 
24,  figB.  10,  11.— Herrick,  Bull.  Denison  Univ.,  II,  1887,  p.  48,  pi.  2,  f 
27,  28.— Keyee,  Geol.  Survey  Missouri,  V,  1895,  p.  45,  fig.  4. 

Productus  flemingi  .Roemer  (non  de  Koninck),  Krei'debildung  Texas,  1 
89,  pi.  11,  fig.  8.— Marcou,  Geol.  North  America,  1858,  p.  47,  pi.  6,  fig.  7 

Productus  splendens  Norwood  and  Pratten,  Jonr.  Acad.  Nat.  Sci.  Philad< 
III,  1854,  p.  11,  pi.  1,  fig.  5.— Schiel,  Pacific  R.  R.  Reports,  II,  1855,  p. : 
1,  fig.  3.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  19,  fij 

Productus  splendens  ( f )  Meek  and  Hayden,  Proc.  Acad.  Nat.  Sci.  Philadi 
III,  1859,  p.  25.— Newberry,  Ives's  Rep.  Colorado  River  of  the  We«1 
p.  124. 

Productus  wabashensis  Norwood  and  Pratten,  Jour.  Acad.  Nat.  Sci.  Pb 
phia.  III,  1854,  p.  13,  pi.  1,  fig.  6. 

Productus  horridiis  Geinitz,  Carbon  und  Dyas  in  Nebraska,  1866,  p.  55 
fig.  7. 

Productus  orbignyanus  G«initz  ( fnon  de  Koninck),  Ibidem,  1866,  p.  56, 
figs.  8-11. 

Productus  (Marginifera)  splendens  Smith,  Proc.  American  Phil.  Soc.,  1 
1897,  p.  29. 

Loc.  Throughout  the  Upper  Carboniferous  of  the  United  States ;  Bolivia. 

Ohs.  Since  considerable  uncertainty  exists  as  to  Sowerby's  species,  it  i 
better  to  adopt  P.  orbignyanus  de  Koninck  for  the  above  synonym 
costatoides  is  also  regarded  by  Keyes  as  a  synonym  for  P.  longispinus. 

Frodnotas  lon^pu  Meek.  Carbonifc 

Productus  sp.  undet.  Meek,  King's  U.  S.  Geol.  Expl.  40th  Pari.,  IV,  1877,  p 
Productus  longiiB  Meek,  Ibidem,  1877,  end  of  description. 
Productus  ivesi  f  Meek,  Ibidem,  1877,  pi.  7,  fig.  6. 
Loc,  White  Pine  district,  Nevada. 

Productus  lyelli  de  Verneuil=Productu8  cora. 

Prodactns  magnioottatoB  Swallow.  Upper  Carbonifc 

Productus  magnicostatus  Swallow,  Trans.  St.  Louis.  Acad.  Sci.,  I,  1860,  ] 

Loo,  Johnson  County,  Missouri. 

Obe.  Keyes  regards  this  species  as  a  synonym  for  P.  semiretionlatus. 

Productus  magnus  Meek  and  Wortben.  Keokuk  (L.  C; 

Productus  magnus  Meek  and  Worthen,  Proc.  Acad.  Nat.  Sci.  Philadelphia 

p.  142;— Geol.  Survey  Illinois,  III,  1868,  p.  528,  pi.  20,  fig.  7.— Keyes, 

Survey  Missouri,  V,  1895,  p.  41. 
Loc,  Monroe  County,  Illinois;  St.  Genevieve  County,  Missouri. 
Ob$.  Compare  with  P.  fentouonsis. 

Froductns  margaritaceus  Phillips.  Upper  Garbonife 

Producta  margaritacea  Phillips,  Geol.  Yorkshire,  II,  1836,  p.  215,  pi.  8,  fig 
Productus  margaritaceus  Norwood  and  Pratten,  Jonr.  Acad.  Nat.  Sci.  Phi 

phia,  III,  1854.  p.  6. 
Loc,  Near  Richmond,  Missouri. 

Froduotiu  marginioinctns  Prout.  St.  Louis  (L.  Gi 

Productus  marginicinctus  Prout,  Tr&ns.  St.  Louis  Acad.  Sci.,  1, 1857,  p.  43, 

figs.  1-16.— Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  674,  pi.  24,  fig 

Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  43. 
Loo,  St.  Louis,  Missouri;  Milan,  Illinois. 
Ob$.  See  Productus  worthen!  Hall. 
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Prodactas  martini  8owerby=Producta8  seinireticalatas. 

Prodaetuf  medalia  Hall.  Keokuk  (L.  Garb.). 

ProductuB  meBialis  Hall,  Qeol.  Sarvey  Iowa,  I,  Ft.  II,  1858,  p.  636,  pi.  19,  Ag.  2;— 

Second  Ann.  Rep.  N.  Y.  State  Oeol.,  1883,  pi.  49,  figs.  9, 10.— Hall  and  Clarke, 

Pal.  New  York,  VIH,  Pt.  I,  1892,  pi.  18,  figs.  9,  10. 
Loc.  Keoknk,  Iowa;  Naavoo,  niinois. 
Oh$,  Keyee  regards  this  species  as  identical  with  V.  burlingtonensis. 

Prodnctns  mesolobns  Phillips.  Garboniferooa. 

Prodactus  mesoloba  Phillips,  Geol.  Yorkshire,  II,  1836,  p.  215,  pi.  7,  figs.  12,  13. 
Prodactus  mesolobns  Etheridge,  Qnart.  .Jour.  Oeol.  Soc.  London,  XXXIV,  1878, 

p.  630. 
Loc,  Europe;  Feildeu  Isthmus,  lat.  82^  43'. 

Prodnctufl  mezicoaniui  Shamard.  Upi)er  Garboniferous. 

Prodactus  mexicanus  Shumard,  Trans.  St.  Lonis  Acad.  Sci.,  I,  1858,  p.  291. — 

Kayser,  Richthofens  China,  IV,  1883,  p.  182,  pi.  28,  fig.  7. 
Productos  mexicanus  f  White,  Wheeler's  Ezpl.  and  Surrey  west  100th  Meridian, 

IV,  1875,  p.  120,  pi.  8,  fig.  6. 

Loc,  Guadalupe  Monntains,  New  Mexico;  Lincoln  County,  Nevada;  Lo-Ping, 
China. 

Prodnetiu  morUlliaiiiu  A.  WincheU.  Burlington  (L.  Garb.). 

Producta  morbilliana  A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1865, 

p.  113. 
Loc.  Burlington,  Iowa;  Sciotoville,  Ohio. 

Productos  mnltistriatnB  Meek.  Garboniferous. 

Prodnctns  multistriata  Meek,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1860,  p.  309. 
Prodnctns  multistriatus  Meek,  Stmpson'H  Kep.  Expl.  Great  Basin  Terr.  Utah, 

1876,  p.  350,  pi.  1,  fig.  8;— King's  U.  S.  Geol.  Expl.  40th  ParL,  IV,  1877,  p.  76, 

pi.  8,  fig.  3. 
Loc,  Utah  and  Nevada. 

Prodactas  murioatos  Norwood  and  Pratteu.  Upper  Garboniferous. 

Prodnctns  muricatus  Norwood  and  Pratteu  (non  Phillips),  Jour.  Acad.  Nat.  Sci. 
PhUadelphia,  III,  1854,  p.  14,  pi.  1,  fig.  8.— White,  Wheeler's  Expl.  and  Sur- 
vey  west  100th  Meridian,  IV,  1875,  p.  120,  pi.  8,  fig.  4.— Herrick,  Bull.  Denison 
Univ.,  II,  1887,  p.  49.— Keyes,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1888,  p.  228. 
•  Loc,  Pike  County,  Illinois ;  near  Richmond,  Missouri;  DesMoines  Valley,  Iowa; 
Flint  Bidge,  Ohio ;  Lake  County,  Colorado ;  northern  New  Mexico. 

Ob$.  Since  Phillips's  P.  muricatus  is  regarded  as  a  synonym  for  P.  oostatus,  there 
is  no  need  for  anothe^  specific  name  for  Norwood  and  Pratten  species. 

Prodnctns  nanus  Meek  and  Wortheii.  Upper  Garboniferous. 

Productus  nanus  Meek  and  Worthen,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1860, 

p.  450 ;— Geol.  Survey  Illinois,  II,  1866,  p.  320,  pi.  26,  fig.  4.— Keyes,  Proc.  Acad. 

Nat.  Sci.  Philadelphia,  1888,  p.  227. 
Loc.  Jefferson  County,  Iowa;  northern  New  Mexico  (White). 

Productus  navicella  Hall=:Productella  navicella. 

Prodnctns  nebraskaensis  Owen.  Upper  Garboniferous. 

Productus  nebraecensis  Owen,  Geol.  Rep.  Wisconsin,  Iowa,  and  Minnesota,  1852, 
p.  584,  pi.  5,  fig.  3.— McChesney,  Trans.  Chicago  Acad.  Sci.,  1, 1868,  p.  24,  pi. 
1,  fig.  7.—Meek,  Final  Rep.  U.  S.  Geol.  Survey  Nebraska,  1872,  p.  166,  pi.  2, 
fig.  2;  pi.  4,  fig.  6;  pi.  5,  fig.  11.— Meek  aud  Worthen,  Geol.  Survey  Illinois, 

V,  1873,  p.  569,  pi.  25,  fig.  8.— White,  Wheeler's  Expl.  and  Survey  west  100th 
Meridian,  IV,  1876,  p.  116,  pi.  8,  fig.  3.— Meek,  King's  U.  S.  Geol.  Expl.  40th 
Pari.,  IV,  1877,  p.  65.— White,  Thirteenth  Rep.  State  Geol.  Indiana,  1884, 
p.  122,  pi.  24,  figs.  7-9.— Herrick,  Bull.  Denison  Univ.,  II,  1887,  p^49, ji>l.  2, 
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ProduotuB  nebraikaensis  Owen — Gontmned. 

fig.  30.— HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  pL  19,  figa.  5 
Keyee,  Geol.  Survey  Missouri,  V,  1895,  p.  48,  pi.  37,  fig.  3. 

Produotas  nebrascensist  Herrick,  Boll.  Denison  Uniy.,  Ill,  1888,  p.  31,  pi.  J 
24;  pi.  3,  fig.  23. 

Productns  rogersi  Norwood  and  Pratten,  Joor.  Acad.  Nat.  Sci.  Philadelphi 
eer.,  Ill,  1854,  p.  9,  pi.  1,  fig.  3.— Hall,  Pacific  R.  R.  Reports,  III,  1856,  p 
pi.  2,  figs.  14,  15. — Meek  and  Hayden,  Proc.  Acad.  Nat.  Sci.  Pbiladel 
1859,  p.  26.— Newberry,  Ives's  Rep.  Colorado  River  of  the  West,  ISe 
121.— HaU,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  50,  figs.  17, 18, 

Prodnctns  asperus  McChesney,  New  Pal.  Fossils,  1860,  p.  34. — Hall,  Second 
Rep.  N.  Y.  State  Geol.,  1883,  pi.  50,  figs.  5-7. 

Prodnctns  wilberanus  McChesney,  New  Pal.  Fossils,  I860,  p.  36; — Trans.  Cb 
Acad.  Sci.,  1, 1868,  p.  26,  pi.  1,  fig.  8. 

Stropbalosia  borrescens  Geinitz  (non  Murcbison  Vern.  and  Keyser.),  Carboi 
Dyas  in  Nebraska,  1866,  p.  49. 

Loc.  Bellerne,  Missonri;  Illinois;  Indiana;  Ohio;  Nebraska;  New  Me 
Nevada;  Arizona;  Utah. 

Obt,  Compare  with  P.  norwoodi. 

ProductoB  nevadaenflis  Meek.  Upper  Carbonifei 

Prodnctns  nevadensis  Meek,  King's  U.  S.  Geol.  Expl.  40th  Pari.,  IV,  1877,  ] 

pi.  8,  fig.  2. 
Loo.  White  Pine  district,  Nevada. 
Ohs.  Compare  with  Prodnctns  pnnotatus  (Martin). 

ProduotiiB  newberryi  Hall.  Waverly  (L.  Ca 

Prodnctns  newberryi  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  1 

A.  Wincbell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1865,  p.  115.— Herrick, 

Denison  Univ.,  IV,  1888,  p.  20,  pi.  10,  figs.  24, 25.— Hall  and  Clarke,  Pal. 

York,  VIII,  Pt.  I,  1892,  pi.  18,  figs.  1^. 
Productella  newberryi  Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol.,   1883,  p 

figs.  1-3. 
Loc,  Medina  County  and  Newark,  Ohio. 

ProdnctoB  newberryi  annosns  Herrick.  Waverly  (L.  Cai 

Prodnctus  newberryi  var.  annosus  Herrick,  Bull.  Denison  Univ.,  IV,  1888,  p 

pi.  3,  fig.  17;— Geol.  Ohio,  VII,  1895,  pi.  23,  fig.  13. 
Loc,  Alexandria,  Ohio. 

Productofl  nodicostatas  Herrick.  Waverly  (L.  Car 

Prodnctns  nodocostatus  Herrick,  Bull.  Denison  Univ.,  IV,  1888,  p.  23. 
Loc.  Rushville,  Ohio.  • 

Produotns  nodosuB  Newberry.  Upper  Carbonifen 

Prodnctns  nodosus  Newberry,  Ives's  Rep.  Colorado  River  of  the  West,  186 

124,  pi.  1,  fig.  7;— Macombes'  Rep.  Expl.  Exped.  Santa  Fe  to  the  Great 

orado  River  of  the  West,  1876,  p.  140,  pi.  3,  fig.  3. 
Loc.  Santa  Fe,  New  Mexico. 
Obs.  Probably  a  synonym  for  Prodnctns  cora  d'Orbigny. 

Prodnctofl  norwoodi  Swallow.  Upper  Carbooiferc 

Prodnctns  (Stropbalosia f)  norwoodii  Swallow,  Trans.  St.  Louis  Acad.  Sci 

1858,  p.  182. 
Prodnctns  norwoodi  Meek  and  Hayden,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1 

p.  35. 
Loc.  Cottonwood  Valley,  Kansas. 
Ob$.  Compare  with  Prodnctus  pnstulosus  Phillips  and  P.  scabricnlns  (Marti 

Regarded  by  Keyes  as  a  synonym  for  P.  nobraskaensis. 
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Produetns  ocddentalis  Newberry.  Upper  Garboniferoas. 

Prodactus  occidentalis  Newberry,  Ives's  Bep.  Colorado  BiTor  of  the  West,  1861, 

p.  122,  pi.  2,  figs.  9,  10. 
Loe.  Banks  of  Cascade  River  near  the  Junction  of  Great  and  Little  Colorado 

rivers. 

Prodnctas  orbignyanus  Geinitz  (non  de  Koninck)=:Producta8  longi- 
spinas. 

Produetns  oyatns  Hall.  St.  Louis  (L.  Garb.). 

Prodnetnsovatos  Hall,  Geol.  Survey  Iowa,  I,  Ft.  II,  1858,  p.  674,  pi.  24,  fig.  1;— 
Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  49,  fig.  19.— Hall  and  Clarke, 
Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  18,  fig.  19. 
Loc.  Ottamwa  and  Keosanqua,  Iowa. 

Produotos  papilio  Oabb.  Upper  Garboniferoas. 

Prodnctas  papilio  Gabb,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  2d  ser.,  VIII,  1881, 

p.  302,  pi.  42,  fig.  12. 
Loo.  Lake  Titioaca,  Bolivia. 

Prodnctas  papulatus  Hall=Productella  papalata. 

Produetns  parvrdiu  A.  Winchell.  Kinderhook  (L.  Garb.). 

Producta  parvnla  A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1863,  p.  4. 
Loo,  Burlington,  Iowa. 

Prodnetos  pamu  Meek  and  Worthen.  Kaskaskia  (L.  Garb.). 

Produetns  parvus  Meek  and  Worthen,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1860,  p. 
450;~6eol.  Survey  Illinois,  II,  1866,  p.  297,  pi.  23,  fig.  4.~ White,  Wheeler's 
£xpl.  and  Survey  west  100th  Merid.,  IV,  1875,  p.  83,  pi.  5,  fig.  6. 

Loc.  Chester,  Illinois ;  Mountain  Spring,  Nevada. 

Prodnctas  (t)  pectinoidens  Sbepard. 

Producta  pectenoidea  Shepard,  American  Jour.  Sci.,  XXXIV,  1838,  p.  150,  fig.  4. 
Loo.  Vermilion ville,  Lasalle  County,  Illinois. 

Ob9.  The  geological  position  of  this  species  may  be  Trenton  or  Upper  Carbonif- 
erous.   The  illustration  is  unsatisfactory. 

Prodnctas  pertennis  Meek.  Upper  Garboniferoas. 

Prodnctus  cancrini  Geinitz  (non  de  Vemenil),  Carbon  und  Dyas  in  Nebraska, 

1866,  p.  54,  pi.  4,  fig.  6. 
Produetns  pertenuis  Meek,  Final  Rep.  U.  S.  Geol.  Survey  Nebraska,  1872,  p.  164, 

pi.  1,  fig.  14;  pi.  8,  fig.  9. 
Loo.  Nebraska  City,  Nebraska;  Leavenworth,  Kansas;  KansaH  City,  Missouri. 

Prodnctas  pemvianns  d'Orbigny.  Upper  Garboniferoas. 

Productus  Peruvian  us  d'Orbigny,  Voyage  dans  I'Am^rique  M^ridionale,  Pal., 

1842,  p.  52,  pi.  4,  ^g.  4. 
Loc.  Yarbichambi,  Bolivia. 
Obs.  Probably  a  synonym  for  Productus  semireticulatus. 

Prodnctns  phillipsi  Norwood  and  Pratten.  Garboniferoas. 

Productus  phiUipsii  Norwood  and  Pratten,  Jour.  Acad.  Nat.  Sci.  Philadelphia, 

m,  1864,  p.  8,  pL  1,  fig.  2. 
Loe.  Big  Canyon,  Humboldt  River,  Utah. 

Prodnctas  pileiformis  McGhesney=Productas  cora. 

Prodnctas  pileolns  Shnmard.  Upper  Garboniferoas. 

Productus  pileolus  Shumai-d,  Trans.  St.  Louis  Acad.  Sci.,  I,  1858,  p.  291. 
Loc,  Guadalupe  Monntains,  Texas. 
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Produotas  podUam  Morton.  Upper  Carbonif 

Productus  pocillum  Mortou,  Amer.  Jour.  Sci.,  XXIX,  1836,  p.  150,  pi.  2,  fi 
Lot'.  Patnam  Hill,  Ohio. 
Oba,  Not  recognizable. 

Productus  pope!  Sbuiuard.  Upper  Carbonif 

Prodactus  popei  Shamard,  Trans.  St.  Louis  Acad.  Sci.,  I,  1858,  p.  290, 

fig.  8. 
Loc.  New  Mexico  and  Texas. 

Productus  portlockianus  Norwood  and  Pratten=: Productus  cos 
Productus  pratteuiauus  Norwood = Productus  cora. 

Productus  punotatus  (Martiu).  Upper  Oarbonii 

Anomites  punctatus  Martin,  Petrefacta  Derbieusia,  1809,  p.  8,  pi.  37,  fig. 

Productus  punotatus f  Morton,  American  Jour.  Sci.,  XXIX,  1836,  p.  153. 
fig.  38. 

Productus  punctatus  Shumard,  Marcy's  Rep.  U.  S.  Expl.  Red  River,  Loc 
1853,  p.  201,  pi.  1,  fig.  5;  pi.  2,  fig.  1.— Norwood  and  Pratteu,  Jour. 
Nat.  Sci.  Philadelphia,  III,  1854,  p.  19.— Marcou,  Geol.  North  Americ 
p.  48,  pi.  6,  fig.  12. — Geinitz,  Carbon  und  Dyas  in  Nebraska,  1866,  ] 
McChesney,  Trans.  Chicago  Acad.  Sci.,  1, 1868,  p.  27,  pi.  1,  figs.  10, 11.- 
Final  Rep.  U.  S.  Geol.  Survey  Nebraska,  1872,  p.  169,  pi.  2,  fig.  6;  pi 
5.— Meek  and  Worthen,  Geol.  Survey  Illinois,  V,  1873,  p.  569,  pi.  K,  fi 
White,  Wheeler's  Expl.  and  Survey  west  100th  Meridian,  IV,  1875,  p. 
7,  fig.  2;— Eleventh  Rep.  State  Geol.  Indiana,  1882,  p.  373,  pi.  42,  figs 
Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol.  1883,  pi.  50,  figs.  14-16.— 
Thirteenth  Rep.  State  Geol.  Indiana,  1884,  p.  124,  pi.  27,  figs.  1-3.— -B 
Bull.  Denison  Univ.,  II,  1887,  p.  48,  pi.  2,  fig.  29.— HaU  and  Clarke,  P 
York,  VIII,  Pt.  1,1892,  pi.  17 A,  fig.  21;  pi.  19,  figs.  14-18.— Keyes 
Survey  Missouri,  V,  1895,  p.  51,  pi.  37,  tig.  1. — Smith,  Proc.  Americtt 
Soc,  XXXV,  1897,  p.  29  (extract). 

Productus  semipunctatuB  Shoppard,  American  Jour.  Sci.,  XXXIV,  1838, 
fig.  9. 

ProdnctuB  tnbulospinus  McChesney,  New  Pal.  Fo^ils,  1860,  p.  37. 

Productus  allied  to  punctatus  Etheridge,  Quart.  Jour.  Geol.  Soc.  L 
XXXIV,  1878,  p.  630. 

Loc.  Europe;  Ohio;  Indiana;  Illinois;  Missouri;  Arkansas;  Nebraska; 
Nevada;  New  Mexico;  Feilden  Isthmus,  lat.  82^  43'. 

Produotus  pustulosus  Phillips.  Upper  Carbonif 

Producta  pustulosa  Phillips,  Geol.  Yorkshire,  II.  1836,  p.  216,  pi.  7,  fig.  1 
Productus  pustulosus  Marcou,  Geol.  North  America,  1858,  p.  48,  pi.  6,  fi 

Geinitz,  Carbon  nnd  Dyas  in  Nebraska,  1866,  p.  55. 
Productus  pyxidiformis  Marcou,  Geol.  North  America,  1858,  p.  48,  pi.  6,  fi 
Productus  pustulosus  f  Meek  and  Haydeu,  Proc.  Acad.  Nat.  Sci.  Philad< 

1859,  p.  26. 
Loc.  Europe ;  Leavenworth,  Kansas ;  Tigeras,  New  Mexico. 
Ob$.  See  Productus  norwoodi. 

Productus  pyxidatus  Hall=Productella  pyxidata. 

Productus  pyxidiformis  de  Koninck= Productus  pustulosus. 

Produotus  rarioostatus  Herrick.  Waverly  (L.  C 

Productus  raricostatus  Herrick,  BnU.  Denison  Univ.,  IV,  1888,  p.  19,  pi. 

19;— Geol.  Ohio,  VII,  1895,  pi.  22,  fig.  9. 
Loc.  Moots  Run,  Ohio. 

Productus  rarlspinus  Hall=Productella  rarispina. 


Digitized  by  VjOOQ IC 


BCHDomrar.]  INDEX   AND   BIBLIOQRAPHT.  331 

Prodnetiu  retiofolatiifl  Oabb.  Upper  Carboniferous. 

Prodnetns  reticiilatns  Gabb,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  2d  ser.,  YIII, 

1881,  p.  902,  pi.  42,  fig.  13. 
Lite,  Lake  Titicaca,  Bolivia. 

Prodnctns  rhmnianiis  Derby.  Upper  Carboniferous. 

Productns  rhomianuB  Derby,  BnlL  Cornell  TTdIy.,  I,  1874,  p.  56,  pi.  3,  tigs.  20, 

41-44,  49. 
Lac,  Bongardim  and  Itaitnba,  Brazil. 

Productus  rogersi  Norwood  and  rratten=Productna  nebraskaensis. 

ProdnetoB  nuhvilleniis  Herhck.  Waverly  (L.  Carb.). 

Productus  rushvillensiH  Herrick,  Bull.  Deni8on  Univ.,  IV,  1888,  p.  22,  pi.  3,  fig. 

15;— Geol.  Ohio,  VII,  1895,  pi.  23,  fig.  15. 
Loc.  Rushyille,  Newark,  and  Londonville,  Ohio. 

Prodnetiu  scabiicnlns  (Martin).  Lower  and  Upper  Carboniferous. 

Akiomitea  scabricnlns  Martin,  Fetrefacta  Derbiensia,  1809,  p.  8,  pi.  36,  fig.  5. 
Productus  scabriculuB  Norwood  and  Prx&tten,  Jour.  Acad.  Nat.  Sci.  Philadelphia, 

III,  1854,  p.  17.— Marcou,  Geol.  North  America,  1858,  p.  47,  pi.  5,  fig.  6.— 
Newberry,  Ives's  Rep.  Colorado  River  of  the  West,  1861,  p.  125. 

Productus  scabriculusf  Geinitz,  Carbon  und  Dyas  in  Nebraska,  1866,  p.  54. 
Loc.  Europe ;  Pecos  Village  and  Santa  Fe,  New  Mexico ;  Plattsmouth,  Nebraska; 
Caldwell  County,  Kentucky ;  Kashmere. 

Prodnetiu  idtalns  Meek  and  Wortben.  St.  Louis  (L.  Carb.). 

Productus  ecitulus  Meek  and  Wortben,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1860, 

p.  451;— Geol.  Survey  Illinois,  II,  1866,  p.  280,  pi.  20,  fig.  6. 
Loc,  Alton,  Illinois. 

Productus  semipunctafcus  Sbeppard= Productus  punctatus. 

Productus  semireticulatus  Hall,  1852  (non  Martin )= Productus  cora. 

Prodnctns  semireticnlataB  (Martin).        Lower  and  Upper  Carboniferous. 
Anomites  semireticulatus  Martin,  Petrefacta  Derbiensia,  1809,  p.  7,  pi.  32,  figs. 

1,  2;  pi.  33,  fig.  4. 
Productus  inoa  d'Orbigny,  Voyage  dans  I'Am^rique  M^ridionale,  Pal.,  1842,  p. 

61,  pi.  4,  figs.  1-3.— Derby,  Bull.  Mus.  Comp.  Zool.,  Ill,  1876,  p.  280. 
Productus  semireticulatus  Norwood  and  Prattcn,  Jour.  Acad.  Nat.  Sci.  Phila- 
delphia, III,  1854,  p.  11.— Hall,  Pacific  R.  R.  Reports,  III,  1856,  p.  103,  pi.  2, 
figs.  16, 17;— Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  637.— Marcou,  Geol.  North 
America,  1858,  p.  46,  pi.  5,  fig.  4;  pi.  6,  fig.  6.— Shumard,  Trans.  St.  Louis 
Acad.  Sci.,  1, 1858,  p.  292.— Newberry,  Ives's  Rep.  Colorado  River  of  the  West, 
1861,  p.  124.— Salter,  Quart.  Jour.  Geol.  Soc.  Loudon,  XVII,  1861,  p.  64,  pi.  4, 
fig.  1.— Davidson,  Ibidem,  XIX,  1863,  p.  174,  pi.  9,  figs.  20, 21.— Mefek,  Pal.  Cal- 
ifornia, 1, 1864,  p.  11,  pi.  2,  fig.  4.— Winchell,  Proc.  Acad.  Nat.  Sci.  Philadel- 
phia, 1865,  p.  115.— Geinitz,  Carbon  und  Dyas  in  Nebraska,  1866,  p.  51.— 
Toula,  Sitzb.  der  k,  k.  Akad.  der  Wissensch.  zu  Wien,  IX,  1869,  p.  9.— 
Meek,  Final  Rep.  U.  S.  Geol.  Survey  Nebraska,  1872,  p.  160,  pi.  5,  fig.  7.— 
Derby,  BnU.  ComeU  Univ.,  I,  1874,  p.  47,  pi.  4,  fig.  8;  pi.  6,  fig.  18;  pi.  7, 
figs.  5-7, 15, 16.— White,  Wheeler's  Expl.  and  Survey  west  of  the  100th  Merid- 
ian, IV,  1875,  p.  HI,  pi.  8,  fig.  1.— Meek,  King's  U.  S.  Geol.  Expl.  40th  Pari., 

IV,  1877,  p.  69,  pi.  7,  fig.  5.— Hall  and  Whitfield,  Ibidem,  1867,  p.  267,  pi.  5,  figs. 
5,  6.— Dawson,  Acadian  Geol.,  3d  ed.,  1878,  p.  296,  fig.  97.— Etheridge,  Quart. 
Jour.  Geol.  Soc.  London,  XXXIV,  1878,  p.  629.— Hall,  Second  Ann.  Rep.  N. 
Y.  State  Geol.,  1883,  pi.  49,  figs.  11-13;  pi.  50,  figs.  19-23.— White,  Thirteenth 
Rep.  State  Geol.  Indiana,  1884,  p.  125,  pi.  24,  figs.  1-3.— Herrick,  Bull.  Deni- 
son  Univ.,  Ill,  1888,  p.  31,  pi.  1,  fig.  26;  pi.  3,  fig.  24;  pi.  7,  fig.  11;  pi.  lOr 
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ProdnctQB  semireticnlatus  (Martin) — Continaed. 

fig.  6.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Ft.  1, 1892,  pi.  17A,  figs. 

pi.  18,  figs.  11-13;  pi.  19,  figs.  19-23.— Keyes,  Geol.  Survey  MiBBonri,  M 

p.  50,  pi.  36,  fig.  4. 
Productas  calhoaniaDas  Swallow,  Trans.  St.  Lonis  Acad.  Sci.,  I,  1858,  p 

215.— Meek  and  Hayden,  Proo.  Acad.  Nat.  Sci.  Philadelphia,  1859,  p 

Newberry,  Ives's  Rep.  Colorado  River  of  the  West,  1861,  p.  123. 
Productas  setigerus  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  638,  pi.  19, 
Prodnctns  setigerus  var.  keokuk  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858, 

pi.  19,  fig.  4. 
Prodnctus  martini  A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1863, 
Productus  magnus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p 

fig.  15. 
Loc.  Europe;  throughout  the  Carboniferous  of  North  America;  Feilden  Isl 

lat.  82^43';  Vixixil  and Sansiguau, Guatemala;  Yarbiohambi, Bolivia 

jardim  and  Itaituba,  Brazil ;  Tibet  and  Kashmere. 
Oha.  See  Productus  peruvianus  d'Orbigny  and  P.  roagnicostatus. 

ProductiM  semiretioalatas  kansasenaiB  Swallow.         Upper  Garbonif^ 
Productus  calhounianus  var.  kansasensis  Swallow,  Trans.  St.  Looia  Acac 

I,  1858,  p.  216. 
Loc.  Kansas  and  Missouri. 

Produotns  aemiitriatiu  Meek.  Upper  Garbonifi 

Productus  semietriatus  Meek,  Proo.  Acad.  Nat.  Sci.  Philadelphia,  1860,  p. 
Meek,  Simpson's  Rep.  Expl.  Great  Basin  Terr.  Utah,  1876,  p.  349,  pi. 
7;— King's  U.  S.  Geol.  Expl.  40th Pari.,  IV,  1877,  p.  74,  pi.  7,  fig.  8.—^ 
Wheeler's  Expl.  and  Survey  west  100th  Meridiau,  1881,  Appendix,  p.  1 

Loc,  Utah  and  northern  New  Mexico. 

Productus  setigerus  Hall = Productus  semiretlculatus. 
Prodnctus  setigerus  var.  keokuk  Hall=Productu8  semireticolatuc 
Productus  sbumardianus  Hall = Prod uctel la  shuiuardana. 
Productus  speciosus  Hall=Productella  speciosa. 
Productus  spinulicostus  Halls Productella  spinulicosta. 
Productus  splendeus  Norwood  and  Pratten= Productus  longispin 
Productus  subaculeatuH  of  American  authors =Productella  spinulic 
Productus  subalatus  Hall=Productella  subalata. 

Produotns  snbhorridns  Meek.  Carbonife 

Productus  suhhorridus  Meek,  King's  U.  S.  Geol.  Expl.  40th  Pari.,  IV,  1877, 

pi.  7,  fig.  3. 
Loc,  Wasatch  Mountains,  Utah. 

Productus  sulcatus  Castelnau^Leptsena  rbomboididis. 
Productus  sulcifer  de  YerDeuil^Leptsena  rhomboidalis. 

Prodnctns  swallovi  Beecber.  Easkaskia  (L.  Ci 

Koniuckina  americana  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  II,  1863,  p.  9^ 
Productus  Bwallovi  Beecher,  American  Jour.  Sci.,  3d  ser.,  XL,  1890,  p.  214. 
Loc,  Barretts  Station,  St.  Louis  County,  Missouri. 

Prodnctnfl  symmetrions  McChesney.  Upper  Carbonife 

Productus  symnietricus  McChesney,  New  Pal.  Fossils,  1860,  p.  35 ; — Trans 
cago  Acad.  Sci.,  I,  1868,  p.  25,  pi.  1,  fig.  9.— Meek,  Final  Rep.  U.  S. 
Survey  of  Nebraska,  1872,  p.  167,  pi.  5,  fig.  6;  pi.  8,  fig.  13.— White, 
teenth  Rep.  SUte  Geol.  Indiana,  1884,  p.  123,  pi.  25,  figs.  1  and  2.— Hal 
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Frodvctiu  symmetriciu  McChesney — Goutinaed. 

Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  pi.  17A,  figs.  19, 20.— Keyee,  Geol. 
Surrey  MiBsonri,  V,  1895,  p.  48,  pi.  36,  fig.  2. 
Loc,  Laaalle  and  Springfield,  lUinoU;  Iowa;  Miaeoori;  Nebraska;  Indiana. 

Prodnetns  tenuiooftatui  Hall.  St.  Louis  (L.  Garb.). 

Prodactus  tennicostatus  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  675,  pi.  24, 
fig.  2;— Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  49,  fig.  18.— Hall  and 
Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  18,  fig.  18.— Keyes,  Geol.  Survey 
Misnonri,  V,  1895,  p.  44. 

Lcc.  Milan,  Illinois. 

Prodactus  trancatus  Hall=Strophalosia  truncata. 
Prodactus  tubulospinus  Sbeppard=ProdactuB  punctatus. 

PTodnctoi  nndifenu  de  Koninck.  Upper  Carboniferous. 

Productus  undiferus  de  Koninck,  M^m.  de  la  Soc.  Roy  ale  dee  Sciences  de  Li^ge, 
IV,  1846,  p.  153,  pi.  5,  fig.  4;  pi.  11,  fig.  5.—Norwood  and  Pratten,  Jour.  Acad. 
Nat.  Sci.  Philadelphia,  III,  1854,  p.  9. 

Loc.  Europe;  Caseyville,  Illinois;  Poeey  County,  Indiana. 

Ohs.  See  Productus  boonensis  Swallow. 

Produetns  viUiersi  d'Orbigny.  Upper  Carboniferous. 

Productus  Yilliersi  d'Orbigny,  Voyage  dans  VAm6riqne  Mdridionaie,  Pal.,  1842, 
p.  53,  pi.  4,  figs.  12, 13.— de  Koninck,  Rechercbes  snr  lee  Animaux  Fossiles, 
Pt.  I,  1847,  p.  109,  pi.  11,  fig.  1.— Norwood  and  Pratten,  Jour.  Acad.  Nat.  Sci. 
Philadelphia,  III,  1854,  p.  17. 

Loe.  Yarbichambi,  Bolivia;  Keg  Creek,  Missouri 

Productus  ▼iminalin  Wbite.  Burlington  (L.  Garb.). 

Productus  viminalis  White,  Proo.  Boston  Soc.  Nat.  Hist.,  IX,  1862,  p.  29. 
Loc,  Burlington,  Iowa. 
Ob»,  White  regards  this  species  as  a  synonym  for  Productus  costatus  Sowerby. 

Productus  vittatuB  Hall = Productus  alternatus. 

Productus  wabasbensis  Norwood  and  Pratten = Productus  longinpiua. 

Produetiifl  walladanns  Derby.  Upper  Carboniferous. 

Productus  wallacianus  Derby,  Bull.  Cornell  Univ.,  I,  1874,  p.  57,  pi.  3,  figs. 

46-48;  pi.  6,  ^g,  5. 
Loe.  Bonvjardim  and  Itaituba,  Brazil. 

Productus  wilberanus  McCbesney=: Productus  nebraskaenslB. 

ProdnetoB  wortheni  Hall.  Keokuk  (L.  Carb.). 

Productus  wortheni  HaU,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  635,  pi.  19,  fig.  1. 
Loc.  Nauvoo,  Illinois. 
Ohs.  Compare  with  Productus  marginicinctus  Prout. 

Produetos  weypreohti  Toula.  Upper  Carboniferous. 

Productus  weyprechti  Toula,  Sitzb.  der  k.  k.  Akad.  der  Wissensch.  zu  Wieo, 

1873,  p.  138,  pi.  1,  fig.  4. 
Productus  weypreohti  f  Etheridge,  Quart.  Jour.  Geol.  Soc.  London,  XXXI V,  1878, 

p.  631. 
Loo.  Cape  Joseph  Henry,  lat.  82P  aC 

PBOTORHTVCHA  Hall  and  Clarke.  Genotype  Atrypa  dubia  Hall. 

Protorhyncha  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  180;— 
Thirteenth  Ann.  Rep.  N,  Y,  State  Geologist,  1895,  p.  824. 
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Protorhyncha  (?)  antiquata  (Billings).  Lower  Can 

Camarella  antiquata  Billings,  Pal.  Fofuilii,  1, 1861,  p.  10,  fig.  13;— GeoL  V 
II,  1861,  p.  949,  fig.  353;— Geol.  Canada,  1863,  p.  284,  fig.  290.— Walcoi 
U.  S.  Geol.  Survey,  30,  1886,  p.  122,  pi.  7,  fig.  8;— Tenth  Ann.  Bap.  U. 
Survey,  1891,  p.  613,  pi.  72,  fig.  3. 

Camarella  f  anticiuata  Hall  and  Clarke,  Pal.  New  York,  VUI,  Pt.  II,  1893 

Loc.  Swan  ton.  Vermont. 

Protorhyncha  dnbia  Hall.  Chazy 

Atrypa  dubia  Hall,  Pal.  New  York,  I,  1847,  p.  21,  pi.  4  bis,  fig.  5. 
Rhynchonella  dubia  Hall,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  18S 
Protorhyncha  dubia  Hall  and  Clarke.  Pal.  New  York,  VUI,  Pt.  II,  1893, 

Loc.  Chazy,  New  York ;  Highbridge,  Kentucky;  Lascassas,  Tennessee. 

* 

Protorhyncha  (?)  minor  (Walcott).  Lower  Can 

Camarella  (!)  minor  Walcott,  Proc.  U.  S.  Nat.  Mns.,  XII,  1889.  p.  36;- 

Ann.  Rep.  U.  S.  Geol.  Survey,  1891,  p.  614,  pi.  72,  fig.  4.— Hall  and 

Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  221. 
Loc,  Stissingville,  New  York. 
Oh8,  May  be  the  type  of  a  new  genus.     Its  affinities  are  rather  with  the 

chonelUdsD  than  with  Pentameridas. 

Protorthis  Hall  and  Clarke=Billing8ella. 

Protodphon  Matthew.  Grenotype  P.  kempanns  Ma 

Protosiphon  Matthew,  Geol.  Mag.,  dec.  IV,  IV,  1897,  p.  70. 

Frotosiphon  kempanns  Matthew.  Lower  Can 

Protosiphon  kempanum  Matthew,  Geol.  Mag.,  dec.  IV,  IV,  1897,  p.  70,  fi 
Loc.  Long  Island,  Kings  County,  New  Brunswick. 

Protozyga  Hall  and  Clarke=Zygo8pira. 

Pseudocrania  anomala  A.  Winchell=Orthothete8  anomalns. 

FTYGHOSPIEA  Hall  and  C.        Genotype  Terebratula  ferita  von 
Ptychospira  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  112,  fig 
Thirteenth  Ann.  Rep.  N.  Y.  State  Geologist,  1895,  p.  792. 

Ptychospira  sexplioata  (White  and  Whitfield.)  Waverly  (L.  ( 

Retzia  sexplicata  White  and  Whitfield,  Proc.  Boston  Soc.  Nat.  Hist.,  VI] 

p.  294. 
Ptychospira  sexplicata  Hall  and  Clarke,  Pal.  New  York,  VHI,  Pt.  II,  1 

112,  pi.  50,  figs.  13,  14;  pi.  83,  fig.  28. 
Loc.  Burlington,  Iowa. 

FUONAX  Hall  and  G.        Genotyi>e  Ehynchonella  acuminata  (Mi 
Pugnax  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  202;— Thi 

Ann.  Rep.  N.  Y.  State  Geologist,  1895,  p.  828. 
Oh».  Subgenus  of  Hypothyris. 

Pugnax  (?)  dawsoniana  (Davidson).  Upper  Carbonif 

Rhynchonella  dawsoniana  Davidson,  Quart.  Jour.  Geol.  Soc.  London.  XU 

p.  172,  pi.  9,  figs.  13,  14. 
Rhynchonella  f  dawsoniana  Dawson,  Acadian  Geology,  3d  ed.,  1878, 

fig.  93. 
Pugnax  ( f)  dawsonianus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1 

214,  pi.  62,  figs.  30-33. 
Loo,  Lennox  Passage,  Nova  Scotia. 


Digitized  by  VjOOQ IC 


acHTOHnw.]  INDEX   AND   BIBLIOGRAPHY.  335 

Pugnax  globnlina  (Phillips  Rp.f)  (Davidson).  Upper  Garboniferoas. 

r  Terobratnia  globuliDa  Pbillipe,  Encyl.  Metr.,  IV,  1834,  pi.  8,  fig.  3. 
ComaTophoriaf  globnliuaf  Davidson,  Quart.  Jonr.  Geol.  Soc.  London,  XIX,  1863, 

p.  171,  pi.  9,  figB.  11, 12. 
Camarophoria  globnlinaf  Dawson,  Acadian  (ieology,  3d  ed.,  1878,  p.  293,  fig.  92. 
Pagnaz  globnlina  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  214. 
Loc.  De  Bert  River,  Nova  Scotia. 

Pugnax  grosvenoii  Hall.  St.  Louis  (L.  Garb.). 

Rhynchonella  grosvenori  Hall,  trans.  Albany  Institute,  IV,  1858,  p.  10.— Wbit- 

fiold,  Bull.  American  Mns.  Nat.  Hist.,  I,  1882,  p.  53,  pi.  6,  figs.  31-34.— Hall, 

Twelfth  Rep.  State  Geol.  Indiana,  1883,  p.  331,  pi.  29,  figs.  31-34. 
Pugnax  grosvenori  Hall  and  Clarke.  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi.  60, 

figs.  13-17. 
Loc.  Spergen  Hill  and  Bloomington,  Indiana;  Alton,  Illinois;  near  Princeton, 

Kentucky. 

Pugnax  mntata  Hall.  Keokuk  and  St.  Louis  (L.  Garb.). 

Rhynchonella  mntata  Hall,  Trans.  Albany  Institute,  IV,  1858,  p.  10;— Geol. 

Survey  Iowa,  I,  Pt.  II,  1858,  p.  658,  pi.  23,  fig.  2.— Whitfield,  BuU.  American 

Mns.  Nat.  Hist.,  1, 1882,  p.  52,  pi.  6,  fig.46.— HaU,  Twelfth  Rep.  State  Geol. 

Indian^,  1883.  p.  332,  pi.  29,  figs.  43-45. 
Pugnax  mutatus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  204,  pi. 

60,  figs.  18-22. 
Loc.  Alton  and  Warsaw,  Illinois;  Boonville,  Missouri. 

Pugnax  ottnmwa  (White).  St.  Louis  (L.  Garb.). 

Rhynchonella  ottumwa  White,  Proc.  Boston  Soc.  Nat.  Hist.,  IX,  1862,  p.  23;— 

Twelfth  Ann.  Rep.  U.  S.  Geol.  Survey  Terr.,  1883,  p.  165,  pi.  41,  fig.  5. 
Pugnax  ottnmwa  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  204,  pi. 

60,  figs.  23-26. 
Loc,  Ottnmwa  and  Oskaloosa,  Iowa;  Clark  County,  Missouri. 

Pugnax  pngnns  (Martin).  Upper  Devonian. 

Conchyliolithus  Anomites  pngnns  Martin,  Petrefacta  Derbiensia,  1809,  tab.  22, 
figs.  4,  5. 

Terebratula  pngnns  Sowerby,  Mineral  Conchology,  1825,  pi.  425,  figs.  1-6. 

Rhynchonella  pngnns  Davidson,  Mon.  BritiHh  Carb.  Brach.,  Pal.  Soc,  1860,  p. 
97, pi.  32,  figs.  1-15.— Williams,  American  .Tour.  Sci., 3d  ser.,  XX V,  1883,  p.  99.— 
Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  155,  pi.  14,  fig.  7.— Clarke, 
Bull.  IT.  S.  Geol.  Survey,  16,  1885,  p.  73.— Whitoaves,  Cont.  Canadian  Pal., 
I,  1891,  pp.  230,  290. 

f  Rhynchonella  pngnus  Dawson,  Acadian  Geology,  3d  ed.,  1878,  p.  295. 

Pugnax  pugnus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  203,  pi. 
60,  figH.  6-10. 

Loc.  Europe;  High  Point,  New  York;  Eureka  district,  Nevada;  Mackenzie  and 
Athabasca  rivers,  Canada;  in  the  Carboniferous  of  Windsor  and  East 
River,  Nova  Scotia  (Dawson);  San  Saba  Valley,  Texas  (Roemer). 

Pugnax  pugnus  alta  (Galvin).  Upper  Devonian. 

Rhynchonella  alta  Calvin ;  paper  read  before  the  Iowa  Acad.  Sci.,  and  a  named 

photographic  plate  distributed. 
Rhynchonella  pugnus  var.  alta  Williams,  Bull.  Geol.  Soc.  America,  1, 1890,  pi.  12, 

figs.  5-7. 
Pugnax  altus  Hall  and  Clarke,  Pal.  New  York,  VIII,  I»t.  II,  1893,  p.  203,  pi.  60, 

figs.  1-5. 
Loc.  Solon,  Iowa. 


Digitized  by  LjOOQIC 


336 


SYNOPSIS  OF   AMERICAN   FOSSIL  BRACHIOPODA. 


Pognax  pugniu  miMonrieiuds  (Shumard).  Waverly  (L.  C 

Rhynchonella  •misfloarienBis  Shamard,  Geol.  Kep.  Missouri^  1855,  p.  204, 

fig.  5a  (non  figs.  5b,  5c=Pngiiax  striaticostata). — Meek  and  Worthen 

Survey  Illinoie,  II,  1866,  p.  153,  pi.  14,  fig.  4.— Keyes,  Geol.  Snrvey  Mi 

V,  1895,  p.  100. 
Pugnax  miBsooriensis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893, 

pi.  60.  figs.  33,  'M;  pi.  62,  figs.  44,  4.5. 
Loc.  Cooper  County,  Missouri;  Burlington,  Iowa;  Rockford,  Indiana; 

ville  and  Richfield,  Ohio. 

Pognax  rockymontana  (Marcou).  Upper  Garbonif 

Terebratula  rockymontana  Marcou,  Geol.  N.  America,  1858,  p.  50,  pi.  6,  fi( 
Rhynchonella  eatoniEeformis  McChesney,  New  Pal.  Fossils,  1860,  p.  49. 
Rhynchonella   rockymontana  White,  Wheeler's  Expl.  and  Surrey  wesl 

Mend.,  IV,  1875,  p.  131,  pi.  9,  fig.  1. 
Pugnax  eatouiiformis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893, 

pl.60,  figs.  11,12. 
Loc.  Pecos  Village,  New  Mexico;  Cedar  Range,  Utah;  Graysville,  Illinoii 

Pugnax  ftriatioottata  (Meek  and  Worthen).  Kinderhook  (L.  C 

Rhynchonella  missonriensis  Shumard,  Geol.  Rep.  Missouri,  18ob,  p.  204, 
figs.  5b,  5c  (non  5a= Pugnax  pugnus  missonriensis). — Meek  and  W< 
Geol.  Survey  Illinois,  III,  1868,  p.  450,  pi.  14.  fig.  7. 

Rhynchonella  Htriatocostata  Meek  and  Worthen,  Ibidem,  III,  1868,  p.  452 

Pugnax  striatocostata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893, 

Loc.  Cooper  County,  Missouri. 

Pugnax  swalloYana  (Shnmard).  Upper  Carbon ifl 

Camarophoria  swallovana  Shumard,  Trans.  St.  Louis  Acad.  Sci.,  I,  1859, 

pi.  11,  fig.  1. 
Pugnax  swallovlana  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895, 

pi.  60,  figs.  27-32. 
Loe.  Guadalupe  Mountains  of  New  Mexico  and  Texas. 

Pagnax  utah  (Marcou).  Upper  Carbonifi 

Terebratula  utah  Marcou,  Geol.  N.  America,  February,  1858,  p.  51,  pi.  6, 
Rhynchonella  (Camarophoria)  osagensis  Swallow,  Trans.  St.  Lonis  Aoad. 

June,  1858,  p.  219. 
Rhynchonella  utah,  Meek  and  Hayden,  Proc.  Aoad.  Nat.  Sci.  Philadelphia 

p.  27. — ^Newberry,  Ives's  Rep.  Colorado  River  of  the  West,  1861,  p» 

White,  Wheeler's  Expl.  and  Survey  west  100th  Meridian,  IV,  1875,  p.  1 

9,  fig.  2;— Thirteenth  Rep.  State  Geol.  Indiana,  1884,  p.  132,  pi.  25,  tig 
f Rhynchonella  species  Salter,  Quart.  Jour.  Geol.  Soc.  London,  XVII,  1861 

pi.  4,  fig.  5. 
Camarophoria  globnlina  Geinitz  (non  Phillips),  Carbon  und  Dyas  in  Neb 

1866,  p.  38,  pi.  3,  fig.  5. 
Rhynchonella  osagensis  Meek,  Final  Rep.  U.  S.  Geol.  Survey  Nebraska,  U 

179,  pi.  1,  fig.  9;  pi.  6,  fig.  2.— Meek  and  Worthen,  Geol.  Survey  lUini 

1873,  p.  571,  pi.  26,  fig.  22. 
Pugnax  Utah  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  204,  ] 

figs.  39-42. 
Rhynchonella  uta  Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  103,  pi.  41,  fig. 
Loo.  Salt  Lake  City,  Utah ;  Indiana ;  Illinois ;  Iowa ;  Missouri ;  Kansas ;  Arka 

Nebraska. 
Obs.  Compare  with  Pugnax  plenrodon. 
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I C.  Genotype  Stropbomena alternata  Emmons. 
sque)  Billings,  Canadian  Nat.  Geol.,  I,  1856,  p.  133;— 
L861,  p.  329;— Pal.  Fossils,  I,  1862,  p.  115.— Hall,  Pal. 
.  76.— Meek,  Pal.  Ohio,  I,  1873,  p.  73.— N.  H.  Winchell, 
I.  Nat.  Hist.  Snrvey  Minnesota,  1881,  p.  118.— Shaler, 
f  the  Ohio  Valley,  1887,  p.  4.— Herrick,  Bull.  Denison 
p.  14.— Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Ken- 
889,  p.  159. 

irke.  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  281.— Winchell 
isota  Geol.  Survey,  III,  1893,  p.  400.— Hall  and  Clarke, 
r.  Y.  State  Geologist,  1894,  p.  279. 

imons).  Trenton  to  Lorraine  (Ord.). 

d.  Second  Ann.  Rep.  N.  Y.  Geol.  Survey,  1838,  p.  115 
il.  New  York,  I,  1847,  pp.  102,  286,  pi.  31,  fig.  1 ;  pi.  31A, 
-Rogers,  Geol.  Pennsylvania,  II,  Pt.  II,  1858,  p.  818, 

)nrad.  Third  Ann.  Rep.  N.  Y.  Geol.  Survey,  1839,  p.  63 

Rep.  Ibidem,  1840,  p.  201  (undefined);— Fifth  Rep. 
ndefined). — Emmons,  Geol.  N.  Y. ;  Rep.  Second  Dist., 
tilings,  Canadian  Nat.  Geol.,  I,  1856,  p.  204,  figs.  3,  4;— 

V,  1860,  p.  51;— Pal.  Fossils,  I,  1862,  p.  117;— Cieol. 
fig.  140.— Meek,  Pal.  Ohio,  I,  1873,  p.  88,  pi.  7,  fig.  1.— 
irt.  Jour.  Sci.,  II,  1875,  p.  51. — White,  Second  Ann.  Rep. 
atistics  and  Geol.,  1880,  p.  481,  pi.  1,  tigs.  6,  7;— Tenth 
iana,  1881,  p.  113,  pi.  1,  figs.  6,  7.— Hall,  Second  Ann. 
»1.,  1883,  pi.  38,  figs.  6-11.— Shaler,  Fossil  Brachiopoda 
^7,  p.  4,  pis.  2,  3. — Keyes,  Geol.  Survey  Missouri,  V, 

3. 
lan,  Essai  Syst^me  Silurien  rAm<^riqne  Septentrionale, 

6. 

ion  Pander),  Ibidem,  1843,  p.  38,  pi.  14,  fig.  1. 
>wen,  Geol.  Expl.  Iowa,  Wisconsin,  and  Illinois,  1844, 

is  Shatef  Bull.  Mus.  Comp.  Zool.,  4,  1865,  p.  62. 
ill  and  Clayke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  282, 
;  Pt.  II,  1895,  pi.  84,  figs.  17,  18.— Winchell  and  Schu- 
.  Survey,  III,  1893,  p.  4ai,  pi.  31,  figs.  32-34.— Whiteaves, 
[,  1897,  p.  171. 

diana;  Illinois;  Missouri;  Wisconsin;  Minnesota;  Can- 
costi. 

defined  or  figured  by  Conrad.  The  first  illustration 
s,  and  in  the  following  year  it  was  figured  and  defined 
is  hurouiensis. 

imistriata  Hall.  Lorraine  (Ord.). 

all,  Pal.  New  York,  I,  1847,  p.  109,  pi.  31 B,  fig.  1. 

:a  Hall,  IVelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1859, 

IT.  alternistriata  Miller,  Cincinnati  Quart.  .Tour.  Sci., 

»  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p. 
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aysville,  Kentucky ;  Madison,  Indiana, 
rariety  as  a  synonym  for  S.  alternata. 
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Bafinesqnina  alternata  fracta  (Meek).  Lorraine  (( 

Strophomena  alternata  var.  fracta  Meek,  Pal.  Ohio,  I,  1873,  p.  91,  pi.  7,  fif 
Strophomena  fracta  Biiller,  Cincinnati  Quart.  Jonr.  Scl.,  I,  1874,  p.  13; — II 

II,  1875,  p.  54. 
Loc,  Cincinnati,  Ohio. 

Bafinesqnina  alternata  loxorhytis  Winchell  and  Sclinchert=B.  1 

Rafinesqnina  alternata  loxorhytis  (Meek).  Lorraine  (< 

strophomena  alternata  var.  loxorhytis  Meek,  Pal.  Ohio,- 1,  1873,  p.  91. — ] 

Cincinnati  Quart.  Jour.  Sci.,  II,  1875,  p.  53. 

Loc,  Cincinnati,  Ohio. 

Bafinesqnina  alternata  nasnta  (Conrad).  Lorraine  (< 

Strophomena  nasuta  Conrad,  Jonr.  Acad.  Nat.  Sci.  Philadelphia,  YIII,  II 

260.— Emmons,  Geol.  New  York;  Rep.  Third  Dist.,  1842,  p.  403,  fig.  3. 

Strophomena  alternata  var.  nasuta  Miller,  Cincinnati   Quart.  Jour.  S< 

1875,  p.  53. 
Loc.  Jefferson  County,  New  York ;  Cincinnati,  Ohio. 

Bafinesqnina  (?)  atava  (Matthew).  Calciferous  (( 

Strophomena  atava  Matthew,  Trans.  Royal  Soc.  Canada,  1893,  p.  102,  pi.  7, 
Loc,  Mary  Island,  near  St.  John,  New  Brunswick. 

Bafinesqnina  anrora  (Billings).  CalciferouB  (( 

Strophomena  anrora  Billings,  Pal.  Fossils,  1, 1865,  p.  218,  fig.  202. 
Loc.  Table  Head,  etc.,  Newfoundland. 

Bafinesqnina  oeres  (Billings).        Lorraine  and  Anticosti  (Ord.  and 

Strophomena  ceres  Billings,  Canadian  Nat.  Geol.,  V,  1860,  p.  54; — PaL  F 

I,  1862,  p.  119. 
Loc,  Anticosti. 

Rafinesqnina  deltoidea  (Conrad).  Trenton  and  Utica  (( 

Strophomena  deltoidea  Conrad,  Third  Ann.  Rep.  N.  Y.  Geol.  Survey,  li 

64;— Fifth  Rep.,  Ibidem,  1841,  p.  37.— Vanuxem,  Geol.  N.  Y.;  Rep. 

Dist.,  1842,  p.  46,  fig.  2.— Emmons,  Geol.  N.  Y. ;  Rep.  Second  Dist.,  li 

389,  fig.  2.— Billings,  Geol.  Canada,  1863,  p.  163,  fig.  141.— Keyes,  Geol 

vey  Missouri,  V,  1895,  p.  69. 
Strophomena  camerata  Conrad,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  YIII, 

p.  254,  pi.  14,  fig.  5. 
Leptsena  camerata  HaU,  Pal.  New  York,  I,  1847,  p.  106,  pi.  31A,  fig.  2. 
Leptffina  deltoidea  Hall,  Ibidem,  1847,  p.  106,  pi.  31A,  fig.  3. 
Streptorhynchus  (Strophonella)  deltoidea  Hall,  Second  Ann.  Rep.  New 

State  Geol.,  1883,  pi.  42,  figs.  1,  2,  4  (non  fig.  3). 
Refinesquina  deltoidea  Hall  and  Clarke,  Pal.  New  York,  YIII,  Pt.  I,  1892,  j. 

figs.  1,  2, 4. — Winchell  and  Schuchert,  Minnesota  Geol.  Survey,  III,  18 

403,  pi.  31,  figs.  30,  31.— Whiteaves,  Pal.  Foss.,  Ill,  Pt.  Ill,  1897.  p.  170. 
Loc.  Trenton  Falls,  etc.,  New  York;  St.  Paul,  Cannon  Falls,  etc.,  Midik 

Oshkosh,  Wisconsin;  Dubuque,  Iowa ;  Pike  County,  Missouri;  Ottawi 

Lake  Winnipeg,  Canada. 

Bafinesqnina  fiisciata  Hall.  Chazy  (C 

Leptffina  fasciata  Hall,  Pal.  New  York,  1, 1847,  p.  20,  pi.  4  bis,  tig.  3. 
Strophomena  fasciata  Hall,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1859, 
Rafinosquina  fasciata  Hall  and  Clarke,  Pal.  New  York,  YIII,  Pt.  I,  1892,  p 
IjOc,  Chazy,  Clinton  County,  New  York. 
Ohs.  Should  be  compared  with  R.  alternata. 

Bafinesqnina  imbrex  (Pander).  Lorraine  (0 

strophomena  imbrex(f)  Billings,  Pal.  Fossils,  I,  1862,  p.  128,  fig.  106. 
Loo.  Europe;  Anticosti. 


W 
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Baflnesqnina  inerasiata  (Hall).  Ohazy  and  Black  Kiver  (Ord.). 

Leptsna  inorassata  Hall,  Pal.  New  York,  I,  1847,  p.  19,  pi.  4  bin,  fig.  2.— Rogers, 

Geol.  Penneylvania,  II,  Pt.  II,  1858,  p.  817,  fig.  591. 
Strophomena  incraasata  Billings,  Canadian  Nat.  GeoL,  IV,  1859,  p.  443. 
Loc,  Chazy,  New  York ;  Mingan  Island,  Canada. 

Baflneflqnina  kingi  (Whitfield).  Lorraine  (Ord.). 

Strophomena  kingi  Whitfield,  Ann.  Rep.  Geol.  Sarvey  Wisconsin,  1877,  p.  72; — 

Geol.  Wisconsin,  IV,  1882,  p.  261,  pi.  12,  figs.  15,  16. 
Rafinesqnina  altemata  yar.  ioxorhytis  Winchell  and  Schuchert,  Minnesota  Geol. 

Survey,  III,  1893,  p.  407,  pi.  31,  tigs.  35-37;  pi.  32,  tigs.  59,  60. 
Rafinesquina  kingi  Hall  and  Clarke,  Pal.  New  York,  YIII,  Pt.  I,  1892,  p.  283. 
Loc,  Delafield,  Wisconsin ;  near  Spring  Valley,  Minnesota. 

Bafinesqnina  lata  Whiteaves.  Lorraine  (Ord.). 

Rafinesqaina  lata  Whiteaves,  Canadian  Rec.  8ci.,  1895,  p.  392; — Whiteaves,  Pal. 

Foes.,  Ill,  Pt.  Ill,  1897,  p.  172,  pi.  19,  figs.  2-5. 
Loc,  Red  River  Valley  and  Lake  Winnipeg,  Manitoba. 

Safineaqnina  mesicosta  (Shnmard).  f  Trenton  (Ord.). 

Leptsena  mesaooeta  Shumard,  Geol.  Rep.  Missouri,  1855,  p.  205,  PI.  C,  fig.  2. — 

Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  76. 
fA)€.  Cape  Girardeau,  Missouri. 

Safineflquina  minnesotaensis  (^.  H.  Winchell).  Trenton  (Ord.). 

Stropiiomena  deltoidea  Owen  (non  Conrad),  Geol.  £zpl.  Iowa,  Wisconsin,  and 

Illinois,  1844,  pi.  16,  fig.  8;  pi.  17,  fig.  6. 
Leptiena  deltoidea  Owen,  Geol.  Rep.  Wisoonsiii,  Iowa,  and  Minnesota,  1852,  p. 

620,  Ub.  2B,  fig.  10  (not  the  middle  figure). 
Strophomena  incrassata  HaU  (non  1847),  Geol.  Wisconsin,  1, 1862,  p.  42,  fig.  16.— 

Hall  (non  1847),  Second  Ann.  Rep.  K.  Y.  State  Geol.,  1883,  pi.  38,  figs.  1-5. 
Strophomena  minnesotensis  N.  H.  Winchell,  Ninth  Ann.  Rep.  Geol.  Nat.  Hist. 

Snr\-ey  Minnesota,  1881,  p.  120. 
Rafinesquina  minnesotensis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892, 

p.  283. — Winchell  and  Schuchert,  Minnesota  Geol.  Survey,  III,  1893,  p;  401, 

pi.  31,  figs.  25-29. 
Loc.  Minneapolis,  etc.,  Minnesota;  Beloit,  Wisconsin;  Decorah  and  McGregor, 

Iowa;  central  Kentucky;  Lebanon,  TeDuessee. 
Obs.  This  species  is  probably  not  identical  with  R.  incrassata  (Hall)  of  the 

Chazy  terrane. 

Bafinesqnina  mixmesotaensis  inquaBsa  (Sardeson).  Trenton  (Ord.). 

Strophomena  inquassa  Sardeson,  Bull.  Minnesota  Acad.  Nat.  Sci.,  Ill,  1892,  p. 

334,  pi.  5,  figs.  22-24. 
Rafinesquina  minnesotensis  var.  inquassa  Winchell  and  Schuchert,  Minnesota 

Geol.  Survey,  III,  1893,  p.  403,  pi.  31,  figs.  27,  28. 
Loc.  Minneapolis  and  St.  Paul,  Minnesota;  Miueralpoint,  Wisconsin. 

Bafinesqnina  nitens  (Billings).  Lorraine  (Ord.). 

Strophomena  nitens  BiUings,  Canadian  Nat.  Geol.,  V,  1860,  p.  53,  fig.  1;— Pal. 

Fossils,  I,  1862,  p.  118,  fig.  97;— Geol.  Canada.  1863,  p.  209,  fig.  208. 
Rafinesquina  nitens  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  283. 
Loo.  Antioofiti. 

Bafinesqnina  (1)  obflonra  Hall.  Clinton  (Sil.). 

Leptcsna  obsoura  Hall,  Pal.  New  York,  II,  1852,  pp.  62,  103,  pi.  21,  figs.  2,  6. 
Strophomena  obscura  Hall,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1859,  p.  82. 
Strophomena  obscura?  Foerste,  Proc.  Boston  Soc.  Nat.  Hist.,  XXIV,  1890,  p.  306, 

pi.  6,  figs.  15, 16. 
Rafinesquina  t  obscura  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  283. 
Loc,  Near  Utica  and  Kirkland,  New  York;  Cumberland  Gap,  Tennessee. 
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Eafinesqnina  sqnamula  (James).  Lorraine  ( 

Strophomena  squamnla  James,  Cincinnati  Quart.  Jour  Sci.,  I,  1874,  p.  33 
Rafinesquina  squamula  Hall  and  Clarke,  Pal.  New  York,  VJII,  Pt.  1, 1892, 
Loc.  Cincinnati,  Ohio. 

EafineBquina  tennilineata  (Conrad).  Trenton  ( 

Strophomena  tennilineata  Conrad,  Jour.  Acad.   Nat.  Sci.  PhiladeJphis 

1842,  p.  259.— Hall,  Twelfth  Rep.  New  York  State  Cab.  Nat,  Hist.,  1^ 

Leptfiena  tennilineata  Hall,  Pal.  New  York,  I,  1847,  p.  115,  pi.  31B,  fig.  8. 

Loc.  "Occnrs  in  Trenton  limestone." 

Eafinesqnina  nlrichi  (James).  Utica  ( 

Strophomena  (f)  ulrlchi  James,  The  Palieoutologist,  1,  1878,  p.  6. 
Rafinesquina  ulrichi  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892, 

pi.  15A,  figs.  37,  38. 
Loc,  Cincinnati,  Ohio. 

EES^SSELiERIA  Hall.  Genotype  Terebratiila  ovoides  I 

Rensselseria  Hall,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1&59,  p.  39 
New  York,  III,  1859,  p.  454.— Dall,  American  Jour.  Conchology,  VI,  ] 
105.— Claypole,  Proc.  American  Philosophical  Soc,  1883,  p.  2a5.— Hj 
Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  255;— Thirteenth  Ani 
N.  Y.  State  Geologist,  1895,  p.  849. 

EenBselsBria  SBqniradiata  (Conrad).  Lower  Helderberg  ( 

Atrypa  sequiradiata  Conrad,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  VIII,  1 

266,  pi.  16,  tig.  17. 
Megan teris  fequiradiata  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  185 

figs.  1-3. 
Rensselieria  feqniradiata  Hall,  Pal.  New  York,  III,  1859,  p.  255,  pi.  45,  f 

Hall  and  Clarke.  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  258,  pi.  76,  figs 
Loc,  Cherry  Valley,  Schoharie,  and  Carlisle,  New  York;  Arisaig,  Nova 

(Ami). 

EensselsBria  caynga  Hall  and  Clarke.  Oriskany  ( 

Rensseheria  caynga  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  18^,  j 

370,  pi.  75,  figs.  1,  2. 
Loc.  Cayuga,  Ontario. 

Eensselieria  condoni  McClie8ney=:Megalanteri8  condoni. 

EenBselsBria  cumberlandisB  Hall.  Oriskany  (1 

Meganteris  cumberlandiaB  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist 

p.  101. 
Rensselffiria  cumberlandisB  Hall,  Pal.  New  York,  III,  1859,  p.  464,  pi.  108,  fi 

Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  258,  pi.  77,  tigs. 
Loc,  Cumberland,  Maryland. 

RenflselfiBria  elliptica  Hall.  Lower  Helderberg  (1 

Meganteris  elliptica  HaU,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p 
Rensselicria  elliptica  HaU,  Pal.  New  York,  III,  1859,  p.  256,  pi.  45,  fig.  4. 

and  Clarke,  Ibidem,  VIII,  Pt.  II,  1893,  p.  258,  pi.  76,  figs.  26-28. 
Loc,  Schoharie  County,  New  York. 

lieiisselaeria  elongata  Hall= Amphigenia  elongata. 

BenBselsBria  intennedia  Hall.  Oriskany  (I 

Rensselaeria  intermedia  Hall,  Pal.  New  York,  III,  1859,  p.  463,  pi.  108,  fij 

Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi.  77,  figs.  26-28. 
Loc,  Cumberland,  Maryland. 

Beusselseria  johanni  Hall=l!^ewberrya  johannis. 
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Rensselseria  laBvis  Hall=:Meristella  IsBvis. 
Eensselaeria  laBvis  Meek=N^ewberrya  Isevis. 
Kensselseria  marylandica  Clayx>ole=]!^ewberrya  claypolei. 

RensselsBiia  marylandica  Hall.  Oriskany  (Dev.). 

Keusselaeria  marylandica  Hall,  Pal.  New  York,  III,  1859,  p.  461,  pi.  108,  fig.  3.— 
Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  258,  pi.  76,  fige.  ^20. 
Loc.  Cumberland,  Maryland. 

RensselsBTia  mutabilis  Hall.  Lower  Helderberg  (I)ev.). 

Meganteris  matabilis  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  97. 
ReneselflBria  mntabilis  Hall,  Pal.  New  York,  III,  1859,  p.  254,  pi.  45,  fig.  2.— Hall 

and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  258,  259,  figs.  178, 179;  pi. 

76,  figs.  l-3a,  21,  22. 
Loo.  Albany  and  Columbia  counties.  New  York. 

Bensselaeria  ovalis  Hall=Megalai)t6ris  ovalis. 

BenBselsria  ovoides  (Eaton).  Oriskany  (Dev.). 

Terebratula  ovoides  Eaton,  Geological  Text-Book,  1832,  p.  45. 
Terebratnla  perovalis  Eaton,  Ibidem,  1832,  p.  45. 
Atrypa  elongata  Conrad,  Third  Ann.  Rep.  N.  Y.  Geol.  Survey,  1839,  p.  65.— 

Vannxem,  Geol.  N.  Y. ;  Rep.  Third  Dist.,  1842,  p.  123,  fig.  2.— Hall,  Ibidem, 

Fourth  Dist.,  1843,  p.  138,  fig.  2;— (Conrad)  Fifteenth  Rep.  N.  Y.  State  Cab. 

Nat.  Hist.,  1862,  pi.  11,  fig.  14. 
Pentamems  deshayesii  Castelnau,  Essai  Systeme  Silurien  TAm^rique  Septentrio- 

nale,  1843,  p.  88,  pi.  15,  figs.  1,  2. 
Meganteris  ovoides  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  102.— 

Rogers,  Geol.  Pennsylvania,  II,  Pt.  II,  1858,  p.  826,  fig.  649. 
Rensselseria  ovoides  Hall,  Pal.  New  York,  III,  1859,  p.  456,  pi.  104,  figs.  1-4;  pi. 

105,  figs.  1-6.— Billings,  Geol.  Canada,  1863,  p.  961,  fig.  470;— Pal.  Fossils,  11, 

1874,  p.  41,  pi.  3,  figs.  7, 10.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II, 

1893,  p.  258,  pi.  75,  figs.  5-9;  pi.  76,  figs.  16,  18. 
Loc.  New  York;  Pennsylvania;  Maryland;  Virginia;  Gasp^,  Canada. 

Sensselsria  ovnlum  Hall  and  Clarke.  Oriskany  (Dev.). 

Rensselieria  oTulnm  Hall  and  Clarke,  Pal.  New  York,  VIU,  Pt.  II,  1895,  pi.  75, 

figs.  3,  4. 
Loc.  Caynga,  Canada. 

Bensselaeria  portlandica  Billing8=Trigeria  portlandica. 

Bensselseria  suessana  Hall=:Beachia  suessana. 

Bensselandia  Hall=:!N'ewberrya. 

RETICULAEIA  McCoy.        Genotype  Terebratula  !  imbricata  Sowerby. 

Reticnlaria  McCoy,  Carboniferous  Fossils  of  Ireland,  1844,  p.  142.— Waagen, 
Paleeontologica  Indica,  Ser.  XIII,  I,  1883,  p.  538. 

Reticnlaria  bicostata  (Yanuxem).  ^Niagara  (Sil.). 

Orthis  bicostatus  Vanuxem,  Geol.  N.  Y. ;  Rep.  Third  Dist.,  1842,  pp.  91,  94. 
Spirifer  bicostatus  Hall,  Pal.  New  York,  II,  1852;  p.  263,  pi.  54,  fig.  4.— Hall  and 

Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  19,  37,  pi.  36,  fig.  7. 
Spirifera  bicostata  Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  61,  fig.  7. 
Loc,  Vernon  Center,  New  York ;  Louisville,  Kentucky. 

Beticnlaria  bicostieita  petila  (Hall).  Niagara  (Sil.). 

Spirifera  bicostata f  var.  petila  Hall,  Descrip.  n.  sp.  of  Fossils  from  Waldron, 

Indiana,  1879,  p.  15. 
Spirifera  bicostata  var.  petila  Hall,  Eleventh  Rep.  State  Geol.  Indiana,  1882,  p. 

279,  pi.  27,  figs.  8,  9;— Trans.  Albany  Institute,  X,  1883,  p.  71. 
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Eeticnlaria  bicostata  petila  (Hall) — Gontinned. 

Spirifer  bicostatns  var.  petilns  Beecher  and  Clarke,  Mem.  N.  Y.  State  1^ 

1889,  p.  75,  pi.  6,  figs.  1-3. 
Loc,  Waldron,  Indiana. 

Eeticnlaria  canandaignaB  (Hall  and  Olarke).  Hamilton  (1 

Spirifer  canandaigusB  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1896, 

pi.  37,  figs.  23-25. 
Loc.  Centerfield  and  Canandaigna  Lake,  New  York. 

Eeticnlaria  clara  (Swallow).  Kaskaakia  (L.  C 

Spirifera  clara  Swallow,  Trans.  St.  Lonis  Acad.  Sci.,  II,  1863,  p.  86. 
Loc.  St.  Genevieve  County,  Missouri. 

Eeticnlaria  cooperensiB  (Swallow).  Einderhook  (L.  G 

Spirifera  cooperensis  Swallow,  Trans.  St.  Lonis  Acad.  Sci.,  I,  1860,  p. 

Meek  and  Worthen,  Geol.  Survey  Illinois,  II,  1866,  p.  155,  pi.  14,  ^ 

Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  78. 
Spirifer  hirtus  White  and  Whitfield,  Proc.  Boston  Soc.  Nat.  Hist.,  YIII,  1 

293.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  21,  37, 

fig.  14(fpl.  84,  figs.  36,  37). 
Spirifera  semiplicaia  Hall,  Thirteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist 

p.  111. 
Spirifer  hirtus  f  A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1865,  p. 

Proc.  American  Phil.  Soc,  XII,  1870,  p.  251. 
Loc,  Chouteau  Springs,  etc.,  Missouri;  Rockford,  Indiana;  Burlington, 

Hickman  County,  Tennessee. 

Eeticnlaria  fimbriata  (Conrad).  Oriskany-Itbaca  (1 

Delthyris  fimbriatus  Conrad,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  VIII,  1 

263.— Hall,  Geol.  N.  Y.;  Rep.  Fourth  Dist.,  1843,  p.  208,  fig.  10. 
Spirifer  fimbriatus  Hall,  Geol.  Survey  Iowa,  J,  Pt.  II,  1858,  p.  505,  pi.  4,  f 

Billings,  Canadian  Jour.,  VI,  1861,  p.  257,  figs.  68-70;— Geol.  Canada 

p.  372,  fig.  393.— Han  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  ] 

20,  21,  33,  37,  pi.  36,  figs.  17-22;  pi.  38.  figs.  9, 10. 
Spirifera  fimbriata  Hall,  Pal.  New  York,  IV,  1867,  p.  214,  pi.  33,  figs.  1 

Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  61,  figs.  17-22.— Whil 

Cont.  Canadian  Pal.,  I,  1892,  p.  286. 
Spirifer  compactus  Meek,  Trans.  Chicago  Acad.  Sci.,  1, 1868,  p.  102,  pi.  14, 
Spirifer  (Martinia)  richardsoni  Meek,  Trans^  Chicago  Acad.  Sci.,  I,  1868, 

pi.  14,  fig.  2. 
Spirifera  (M.)  richardsoni  Whiteaves,  Cont.  Canadian  Pal.,  I,  1891,  p. 

Ibidem,  1892,  p.  287,  pi.  37,  fig.  7. 
Spirifera  conradana  Miller,  American  Pal.  Foss.,  2d  ed.,  1883,  p.  372. — 1 

roth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  1 

7,  figs.  11-13. 
Spirifera  (M.)  undifera  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  pi.  i 

3,6;  pi.  14,  fig.  11.       . 
Loo.  New  York;  Ohio;   Falls  of  Ohio;  Illinois;   Iowa;  Maryland;   Vii 

Eureka  district,  Nevada;  Ontario  and  lakes  Manitoba  and  Winnip< 

Mackenzie  River,  Northwest  Territory,  Canada. 
Ohs.  Mr.  Walcott  is  correct  in  regarding  this  species  the  same  as  S 

undiferus  Roemer.     Conrad's  species,  however,  was  published  in  1842, 

that  of  Roemer  is  two  years  later,  or  in  1844.    S.  richardsoni  is  a 

specimen  of  S.  compacta  which  Mr.  Walcott  has  shown  to  be  a  synon; 

S.  undiferus.     See  Reticularia  knappiana. 
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Settcolaiia  frankUni  (Meek).  Hamilton  (Dev.). 

Spirifer  (Martinia)  franklini  Meek,  Trans.  Chicago  Acad.  Sci.,  I,  1868,  p.  107, 

pi.  14,  Ag,  12. 
Sptrifera  (M. ) glabra  var.  franklini  Wbiteaves,  Cout.  Canadian  Pal.,  1, 1891,  p.  225. 
Loe,  Mackenzie  River,  NorthweBt  Territory,  Canada. 
Ob§,  The  type  specimen  in  the  U.  8.  National  Musenm  collection  proves  to  be 

closely  related  to  Retionlaria  Isevis  Hall. 

Seticalaria  g^nadalnpendfl  (Shamard).  Upper  Carboiiiferoas. 

Spirifera  gnadalupensis  Shamard,  Trans.  St.  Lonis  Acad.  Soi.,  1, 1869,  p.  391. 
Loe.  Gnadalnpe  Mountains,  Texas. 

Beticnlaiia  knappiana  (I^ettelroth).  Gorniferoas  (Dev.). 

Spirifera  knappiana  Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol. 

Survey,  1889,  p.  122,  pi.  7,  fig.  14. 
Loe,  Falls  of  Ohio. 
Ob$.  Probably  the  same  as  R.  fimbriata. 

BeticQlaria  Isvii  (HaU).  Portage  (Dev.)* 

Delthyris  l^vis  Hall,  Geol.  N.  Y. ;  Rep.  Fourth  Dist.,  1843,  p.  245,  fig.  1. 
Spirifera  lievis  HaU,  Pal.  New  York,  IV,  1867,  p.  239,  pi.  39,  figs.  1-12. 
Spirifer  laevis  Williams,  American  Jour.  Sci.,  3d  ser.,  XX,  1880,  p.  456.— Hall  and 

Chirke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  19, 33, 37,  pi.  38,  figs.  11-13;  pi. 

84,  fig.  29.— Kindle,  Bull.  American  Pal.,  6, 1896,  p.  36. 
Spirifera  (Martinia)  glabra  var.  lie  vis  Williams,  Ann.  New  York  Aca<l.  Sci.,  II, 

6, 1881,  pi.  14,  figs.  1, 2.— Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,p.  140. 
Loo.  Ithaca  nnd  Cortlandville,  New  York. 

Betienlaria  modesta  (Hall).  Lower  Helderberg  (Dev.). 

Spirifer  modestus  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  61;— 
Pal.  New  York,  III,.  1859,  p.  203,  pi.  28,  fig.  1.— Hall  and  Clarke,  Pal.  New 
York,  VIII,  Pt.  II,  1893,  p.  37,  pi.  38,  figs.  1, 3. 

Loe.  Cumberland,  Maryland. 

BetLonlana  nevadaenris  (Walcott).  Upper  Devonian. 

Spirifera  (M.)  glabra  var.  neyadensis  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII, 

1884,  p.  139,  pi.  3,  fig.  5;  pi.  14,  fig.  14. 
Loe.  Eureka  district,  Nevada. 

Beticularia  (1)  nympha  (Billings).  Lower  Helderberg  (Dev.). 

Spirifera  nympha  Billings,  Proc.  Portland  Soc.  Nat.  Hist.,  I,  1863,  p.  116,  pi.  3, 

fig.  15. 
Loe.  Masardis,  Maine. 

^eticularia  perpleza  (McGhesney).  Upper  Carboniferoas. 

Spirifer  lineatus  Shumard,  Geol.  Survey  Missouri,  1855,  p.  216. — Hall,  Pacific 
R.  R.  Reports,  III,  1856,  p.  101,  pi.  2,  figs.  &-8.— Marcou,  Geol.  N.  America, 
1858,  p.  50,  pi.  7,  fig.  6.— Newberry,  Ives's  Rep.  Colorado  River  of  the  West, 
1861,  p.  127.— Swallow,  Trans.  St.  Louis  Acad.  Sci.,  II,  1866,  p.  408.— Hall 
and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  10, 11,  17,  21, 30, 39.  pi.  38, 
figs.  2,  4.  7,  8. 

Spirifer  p<)rplexus  McChesney,  New  Pal.  Fossils,  1860,  p.  43. 

Spirifer  lineatus  f  Meek,  Geol.  Survey  California,  I,  1864,  p.  13,  pi.  2,  fig.  6. 

Spirifer  lineatus  var.  perplexus  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  II,  1866, 
p.  408. 

Spirifera  lineata  Meek,  Final  Rep.  U.  S.  Geol.  Survey  Nebraska,  1872,  pi.  2,  fig. 
3.— Keyes,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1888,  p.  230. 

Spirifer  (Martinia)  perpleza  Derby,  Bull.  Cornell  Univ.,  1, 1874,  p.  16,  pi.  3,  figs. 
27,  39,  40,  45,  50;  pL  8,  fig.  13. 
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BeticulaTia  perplexa  (McChesney) — Continued. 

Spirifera  (Martinia)  lineata  f  White,  Wheeler's  Expl.  and  Survey  west 

Moridian,  III,  Appendix,  1881. 
Bplrifera  (Martinia)  lineata  White,  Eleventh  Rep.  State  Geol.  Indiana,  \t 

372,  pi.  42,  figs.  4-6;— Thirteenth  Rep.  Stat©  Geol.  Indiana,  1884,  p.  K 

27,  figs.  4-6.— Herrick,  Bull.  Denison  Univ.,  II,  1887,  p.  46,  pi.  1,  fig. 

Whitfield,  Annals  N.  Y.  Acad.  Sci.,  V,  1891,  p.  603,  pi.  16,  figs.  3-6;- 

Dliio,  VII,  1895,  p.  488,  pi.  12,  figs.  3-5. 
Spirifora  perplexa  Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  84. 
Loi\  Ohio;  Indiana;  Illinois;  Missouri;  Iowa;  Kentucky;  California;  1 

Feces  and  Tigeras,  New  Mexico;  Shasta  County,   California;  Bomj 

aud  Itaituba,  Brazil. 
Ob».  I'his  species  is  not  identical  with  Reticularia  lineata  Martin,  aa  foe 

Eugland  and  Belgium.     Reticularia  pseud olineata  (Hall)  is  more  c 

allied  to  that  species  than  R.  perplexa  (McChesney). 

Reticularia  perplexa  striatilineata  (Swallow).  Upper  Garbonife 

S]iiTifer  lineatus  var.  striatolineatus  Swallow,  Trans.  St.  Louis  Aoad.  S<: 

1866,  p.  408. 
Loe.  Missouri. 
Obn.  liegarded  by  Keyes  as  a  synonym  for  R.  perplexa. 

Eeticularia  prffimatnra  (Hall).  Chemung  (E 

8pirLfera  prsBmatura  Hall,  Proc.  American  Philosophical  Soc,  X,  1866,  p.  2 

Fftl.  New  York,  IV,  1867,  p.  2.50,  pi.  33,  figs.  31-35;— Second  Ann.  Rep. 

flftate  Geol.,  1883,  pi.  61,  figs.  23-25. 
Martmia  prematura  Herrick,  Geol.  Ohio,  VII,  1895,  pi.  23,  fig.  12. 
Spirifer  prwmaturus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Ft.  II,  1893,  ] 

pL  36,  figs.  23-26. 
J^c.  Meadville  and  Oil  Creek,  Pennsylvania. 

Eeticularia  pseudolineata  (Hall).  BurliiigtoQ-Keokuk  (L.  Ga 

8ptrifur  pseudolineatus  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  645,  p 

tig.  4.— f  Herrick,  Bull.  Geol.  Soc.  America,  II,  1891,  p.  46,  pi.  1,  fig.  18.- 

and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  21,  37,  pi.  36,  figs.  28- 
Sptrtft)ra  llneatoides  Swallow,  lYans.  St.  Louis  Acad.  Sci.,  I,  1860,  p.  645. 
Spirifora  pseudolineata  Saff'ord,  Geol.  Tennessee,  1869,  p.  360. — Hall,  S< 

Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  61,  figs.  28-30. 
Heticalaria  pseudolineata  Waagen,  PalsBontologica  ludica,  Ser.  XIII,  I, 

p.  542. 
Spirifera  lineatoides  and  pseudolineata  Keyes,  Geol.  Survey  Miasouri,  V, 

pp.  81, 82,  pi.  40,  fig.  6. 
Lac.  Keokuk,  Iowa;  Warsaw,  Illinois;  Crawfordsville,  Indiana;  Missouri. 
Oh9.  See  R.  perplexa  (McChesney). 

Eeticularia  setigera  (Hall).  Kaskaskia  (L.  Ca 

Spii  if*T  setigerus  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  705,  pi.  27,  fig 
Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  21, 37,  pi.  36,  figs.  2 

Spirifora  setigera  Hall  and  Whitfield,  King's  U.  S.  Geol.  Expl.  40th  Pari. 
1877,  p.  270,  pi.  5.  figs.  17, 18.— Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol., 
pL  61,  figs.  26,  27.— Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  83. 

Eetictilaria  setigera  Waagen,  Paheontologica  Indica,  Ser.  XIII,  I,  1883,  p 

J^c*  Kaskaskia  and  Chester,  Illinois;  Caldwell  and  Crittenden  counties, 
tacky;  Oquirrh  Mountains,  Utah. 

Obs.  Bee  R.  translata. 

Beticularla  subundifera  (Meek  and  Worthen).  Hamilton  (D 

Spirifera  subundifera  Meek  and  Worthen,  Geol.  Survey  Illinois,  III,  1868;  p 
pi.  10,  tig.  5. 
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SetLcularia  robondifera  (Meek  and  Worthen) — Continued. 

Spirifera  (M.)  nndifera  var.  sabondifera  Walcott,  Mod.  U.  S.  Geol.  Survey,  VIII, 

1884,  p.  145. 
Loc  Rook  Island,  lUinoig. 

Betienlarui  (1)  temeraria  (MiUer).  Lower  Carboniferons. 

SpiTifera  temeraria  Miller,  Jour.  Cincinnati  Soc.  Nat.  Hist.,  IV,  1881,  p.  314,  pi. 

7,  fig.  9. 
Loe.  Lake  Valley  mining  district,  New  Mexico. 

Beticnlaria  tennispinata  (Herrick).  Waverly  (L.  Garb.). 

Spirifera  (Martinia)  tennispinata  Herrick,  Bull.  Denison  Univ.,  IV,  1888,  p.  27, 

pi.  2,  Ag.  4. 
Spirlfer  tenuispinatnB  Herrick,  Gteol.  Ohio,  VII,  1895,  pi.  15,  fig.  4. 
Xoe.  Granville,  Ohio. 

SetLenlana  translata  (Swallow).  Kaskaskia  (L.  Garb.). 

Spirifera  translata  Swallow,  Trans.  St.  Lonis  Acad.  Sci.,  II,  1863,  p.  85. 
Loo.  Chester,  Illinois;  St.  Marys,  Missouri. 
Ohs,  Regarded  by  Keyes  as  a  synonym  for  R.  setigera. 

SETZIA  King.  Genotype  Terebratala  adrieni  de  Yemenil. 

Retzia  King,  Mon.  Permian  Fossils,  Pal.  Soc.,  1850,  p.  137.— Hall,  Sixteenth  Rep. 
N.  Y.  Stote  Cab.  Nat.  HUt.,  1863,  p.  53,  figs.  1-3  on  p.  55.~Hall  and  Clarke, 
Pal.  New  York,  VHI,  Pt.  II,  1893,  p.  103,  figs.  80-100  on  pp.  106, 107;— 
Thirteenth  Ann.  Rep.  N.  Y.  State  Geologist,  1895,  p.  787. 

Obs.  It  is  very  probable  that  all  of  the  species  here  referred  to  Retzia  will  prove 
to  belong  to  other  genera. 

Betzia  altirostris  Wliite=Eainetria  altirostris. 
Betzia  chloe  Billing8=:Parazyga  hirsuta. 

Betzia  ( f )  dronlaris  Miller.  Ghoateau  (L.  Garb.). 

Retzia  circularis  Miller,  Eighteenth  Ann.  Rep.  Qeol.  Survey  Indiana,  1894,  p.  316, 

pi.  9,  figs.  32-34. 
Lcc.  Sedalia,  Missouri. 

Betzia  compressa  Meek^Hnstedia  mormoni. 
Betzia  dabia  Billingss^Trematospira  dubia. 
Betzia  electra  BillingsssBhynchospira  electra. 
Betzia  engenia  Billing8=Bhynchospira  eugenia. 
Betzia  evax  Hall=Hom(BOspira  evax. 
Betzia  formosa  Whitfield =BhynchoBpira  formosa. 

Betada  (?)  grannlifera  Meek.  Lorraine  (Ord.). 

Retzia  (Trematospira)  grannlifera  Meek,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1872, 

p.  318;— Pal.  Ohio,  I,  1873,  p.  128,  pi.  11,  fig.  6. 
Trematospira  (f)  grannlifera  Miller,  Cincinnati  Quart.  Jour.  Sci.,  II,  1875,  p.  61. 
Loc.  Cincinnati,  Ohio. 
Ob9.  This  species  is  probably  a  rhynchonelloid. 

Betzia  hippolyte  Billings=TrematoBpira  hippolyte. 

Betaa  (?)  jamesiana  Bathbun.  Middle  Devonian. 

Retzia  jamesiana  (Hartt)  Rathbun,  BuU.  Buffalo  Soc.  Nat.  Hist.,  1, 1874,  p.  243, 

pi.  10,  figs.  23,  27-38. 
Retzia  f  jamesiana  Derby,  Archives  do  Mnseu  Nacional  do  Rio  de  Janeiro,  IX, 

1890,  p.  79. 
Retzia  cf.  jamesiana  A.  Ulrich,  N.  Jahrb.  f.  MineraL,  Beilageband,  VIII,  1892,  p. 

68,  pi.  4,  fig.  14. 

Loc.  Erere  and  Rio  Maecuru,  Province  of  Para,  Brazil;  Bolivia.  r^^^^T^ 
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Eetzia  inarcyi  Shumar(l=Eumetria  marcyi. 
Eetzia  meekana  Shumard=Hustedia  meekana. 
lietzia  mormoni  Marcou=Hustedia  mormoni. 
Eetzia  osagensis  Swallow=Acambona  osageusis. 
Betzia  papiUata  Shumard=Hustedia  papillata. 

Betzia  (?)  plicata  Miller.  Chouteau  (L.  C 

Betzia  plicata  Miller,  Eighteenth  Ann.  Rep.  Geol.  Survey  Indiana,  1894, 

pi.  9,  figs.  29-31. 
Loc.  Sedalia,  Missouri. 

Betzia  polypleura  A.  Wincliell.  Portage  (J 

Retzia  polypleura  A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1862, 
Loc,  Port  anx  Barques,  Michigan. 

Retzia  (?)  popeana  Swallow.  f  Chouteau  (L.  C 

Retzia  (f)  popeana  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  I,  1860,  p.  654. 
Loc.  Locality  and  formation  not  given. 

lietzia  punctulifera  Shumard=Hu8tedia  mormoni. 
lietzia  radialis  Walcott  (non  Phillips) =Hu8tedia  mormoui. 
Eetzia  sexplicata  White  and  Whitfield=Ptycho8pira  sexplicata. 
Eetzia  sobrina  Beecher  and  Clarke =Hom(Bospira  sobriua. 

Betzia  (?)  subgloboBa  Hall.  Schoharie  (I 

Rhy nchospira  subglobosa  Hall,  Pal.  New  York,  IV,  1867,  p.  421,  pi.  63,  figs.  23 

Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi.  49,  fig.  22. 
Retzia  subglobosa  Miller,  N.  American  Geol.  and  Pal.,  1889,  p.  367. 
Loc,  Schoharie,  New  York. 

Eetzia  subglobosa  McChesney=Hustedia  mormoni. 
Eetzia  triangularis  Miller=Hustedia  triangularis. 
Eetzia  vera  Hall=Eumetria  marcyi. 
Eetzia  vera  costata  Hall=:Eumetria  marcyi  costata. 
Eetzia  verneniliana  Hall=Euinetria  marcyi. 
Eetzia  ?  wardiana  Eathbun=Trigeria  wardiana. 
Eetzia  woosteri  White=Eumetria  woosteri. 

BHnrOBOLUS  Hall.    Genot.  Ehynobolus  sp.  H.  =  tOboius  galtensis 

Rhynobolus  HaU,  Notes  ou  some  New  or  Imperfectly  Known  Forms  amoi 
Brachiopoda,  1871,  p.  5;— Ibidem,  1872,  p.  5,  pi.  13,  fig.  10;— Twenty 
Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1873,  p.  247,  pi.  13,  fig.  10.— Waagen, 
ontologica  Indica,  Ser.  XIII,  I,  1885,  p.  761.— Hall  and  Clarke,  Pal. 
York,  VIII,  Pt.  I,  1892,  pp.  44,  46,  164 ;— Eleventh  Ann.  Rep.  N.  Y. 
Geologist,  1894,  p.  239. 

EhinoboluB  davidsoni  Hall  and  Clarke.  Niagara  ( 

Rhinobolus  davidsoni  Hall  and  Clarke,  Pal.  New  York,  VllI,  Pt.  I,  1892,  p 

176,  pi.  4B,  figs.  10-12. 
Loc,  Near  Grafton,  Wisconsin. 

Bhinobolus  galtensis  (Billings).  Guelph  ( 

Obolus  galtensis  Billings,  Pal.  Fossils,  I,  1862,  p.  168,  fig.  153. 
Obolellina  galtensis  Billings,  Canadian  Nat.  Geol.,  VI,  1871,  p.  222;— Ib 

1872,  p.  328. 
Trimerella  minor  Dall,  American  Jour.  Conch.,  VII,  1871,  p.  83,  pi.  11,  fig. 
f Rhynobolus  sp.  ?  Hall,  Twenty-third  Rep.  N.  Y.  State  Cab.  Nat.  Hist., 

p.  247,  pi.  13,  fig.  10. 
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Bhinobolnf  galtsiudt  (Billings) — Gontinued. 

Trimerella  (I)  galtensis  Dayidson  and  King,  Qnart.  Joar.  Geol.  800.  London, 

XXX,  1874,  p.  161,  pi.  18,  fig.  18;  pi.  19,  fig.  4. 
Bhynobolns  galtensis  Whiteaves,  Pal.  Foesils,  III,  1884,  p.  7,  pi.  2,  fig.  1;  pi.  8, 

fig.  3.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  45,  pi.  4B,  fige.  7-9. 
Loe.  Gait,  Elora,  Hespelar,  and  Dorbam,  Ontario. 

SHIPIDOIEELLA  (Ehlert.      Genotype  Terebratala  niichelini  I/fiveiU^. 

Bhipidomys  CEhlert  (non  Wagnor,  1844),  Fischer's  Manuel  de  Conchyliologie, 
1887,  p.  1288.— Hall,  Bull.  Geol.  Soc.  America,  I,  1889,  p.  21. 

Rhipidomella  (Ehlert,  Joamal  de  Conchyliologie,  1891,  p.  372.— Hall  and  Clarke, 
Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  209;— Eleventh  Ann.  Rep.  N.  Y.  State 
Geologist,  1894,  p.  271. 

Bhipidomella  alia  Hall.  Sclioharie  (Dev.). 

Orthis  alBus  Hall,  Sixteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1863,  p.  33;— Pal. 

New  York,  IV,  1867,  p.  36,  pi.  4,  figs.  2-7. 
Rhipidomella  alsa  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  225. 
Loc,  Albany  County,  New  York. 
Ohs.  Probably  a  synonym  for  R.  peloris  Hall. 

Ehipidomella  astixiiiliB  Hall.  Lower  Helderberg  (Dev.). 

Orthis  asslmilis  Hall,  Pal.  New  York,  III,  1859,  p.  175,  pi.  15,  fig.  1. 
Rhipidomella  assimilis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  224. 
Zoo.  Schoharie,  New  York. 

Ehipidomella  bnrlingtoneiuns  Hall.  Barlington  (L.  Garb.). 

Orthis  michellni  var.  burlingtonensis  Hall,  Geol.  Surrey  Iowa,  I,  Pt.  II,  1858, 

p.  596,  pi.  12,  fig.  4. 
Rhipidomella  burlingtonensis  Hall  and  Clarke,  Pal.  New  York,  VHI,  Pt.  1, 1892, 

p.  225,  pi.  6A,  fig.  18;  pi.  20,  figs.  5,  6. 
Orthis  burlingtonensis  Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  63,  pi.  38,  fig.  7. 
Loe.  Burlington,  Iowa;  Quinoy,  Illinois ;  Hannibal,  Missouri. 

Rhipidomella  dronlnB  Hall.  Olinton  (Sil.). 

Orthis  circulus  Hall,  Geol.  N.  Y. ;  Rep.  Fourth  Dist.,  1843,  p.  71,  fig.  1 ;— Pal.  New 
York,  II,  1852,  p.  56,  pi.  20,  fig.  6.— Billings,  Canadian  Nat.  Geol.,  I,  1856,  p. 
134,  pi.  2,  fig.  1. 

Rhipidomella  circulus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  pp.  210, 
224,  pi.  6A,  figs.  1,  2. 

Loe,  Reynales  Basin,  New  York;  Hamilton,  Ontario. 

Rhipidomella  clarkensis  (Swallow).  Keoknk  (L.  Garb.). 

Orthis  clarkensis  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  II,  1863,  p.  81. 
Rhipidomella  clarkensis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  225. 
Log.  Clark  County,  Missouri. 
Oh9.  Keyes  regards  this  species  as  a  synonym  for  Schizophoria  swallovi. 

Rhipidomella  cleobiB  Hall.  Onondaga  (Dev.). 

Orthis  cleobis  Hall,  Sixteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1863,  p.  35;— 

Pal.  New  York,  IV,  1867,  p.  41,  pi.  5,  figs.  9, 10. 
Rhipidomella  cleobis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  225. 
Loe,  Williamsville  and  Clarence,  New  York. 

Rhipidomella  cnmberlandisd  Hall.  Oriskany  (Dev.). 

Orthis  curaberlandiae  HaU,  Pal.  New  York,  III,  1859,  p.  481,  pi.  95A,  figs.  20,  21. 
RhipidomeUa  cumberlandioB  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892, 

p.  225. 
Loe.  Cumberland,  Maryland. 
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Bhipidomella  (?)  cnneata  (Owen).  Hamilton  (D 

Orthis  cuneata  Owen,  Geol.  Survey  Wisconain,  lows,  and  Minnesota^  18 

585,  pi.  3A,  fig.  10. 
Bhipidomella  onneata  Hall  and  Clarke,  Pal.  New  York,  YIII,  Pt.  I,  1892,  p 
Loc.  New  Buffalo,  Iowa 

Bhipidomella  cyclas  Hall.  Marcellas  and  Hamilton  (L 

OrthiB  oyclas  Hall,  Thirteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1860,  p. 

Pal.  New  York,  IV,  1867,  p.  52,  pi.  7,  figs.  2,  3. 
Rhipidomella  oyclas  Hall  and  Clarke,  Pal.  New  York,  YIII,  Pt.  1, 1892,  p.  : 
Loc.  York,  Pavilion,  Bellona,  etc.,  New  York. 

Bhipidomella  dalyana  (Miller).  Barlington  (L.  Oi 

Orthis  dalyana  Miller,  Jour.  Cincinnati  Soc.  Nat.  Hist.,  IV,  1881,  p.  313,  pi.  7, 
Rhipidomella  dalyana  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p 
Loc,  Lake  Valley  mining  district.  New  Mexico. 

Bhipidomella  discus  Hall.  Lower  Helderberg  (I) 

Orthis  discus  Hall,  Pal.  New  York,  III,  1859,  p.  165,  pi.  lOA,  figs.  7-12. 
Rhipidomella  discus  Hall  and  Clarke,  Ihidem,  VIII,  Pt.  I,  1892,  pp.  210,  221 
Loc,  Hudson,  Catskill,  etc.,  New  York ;  Square  Lake,  Maine. 

Bhipidomella  dubia  Hall.  St.  Louis  (L.  Cs 

Orthis  duhiuB  Hall,  Trans.  Albany  Institute,  IV,  1858,  p.  12.— Whitfield, 

American  Mus.  Nat.  Hist.,  I,  1882,  p.  45,  pi.  6,  figs.  1-5.— Hall,  Twelfth 

State  Geol.  Indiana,  1883,  p.  324,  pi.  29,  figs.  1-6. 
Orthis  cooperensis  Swallow,  Trans.  St.  Louis  Acad.  Soi.,  II,  1863,  p.  82. 
Rhipidomella  dubia  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp 

225,  pi.  6A,  figs.  18-22. 
Orthis  dubia  Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  64. 
Loc.  Spergen  Hill  and  Bloomington,  Indiana;  Alton,  Appanoose,  etc.,  Dli 

Boonville  and  Barretts  Station,  Missouri;  Keokuk,  Iowa;  Caldwell  Co 

Kentucky. 
Obs.  Typical  examples  of  R.  cooperensis  have  been  studied  in  Professor  ] 

collection. 

Bhipidomella  eminens  Hall.  Lower  Helderberg  (D 

Orthis  eminens  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  42, 
1, 2;— Pal.  New  York,  III,  1859,  p.  167,  pi.  11,  figs.  7-14. 

Rhipidomella  eminens  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  18a 
210,  225. 

Loc.  Schoharie,  Carlisle,  etc.,  New  York. 

Bhipidomella  goodwini  (]^ettelroth).  HamUton  (D 

Orthis  goodwini  Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol. 

voy,  1889,  p.  39,  pi.  17,  figs.  30-32. 
Loo.  Falls  of  Ohio. 

Bhipidomella  hartti  (Bathbun).  Middle  Devoi 

Orthis  hartti  Rathbun,  Proc.  Boston  Soc.  Nat.  Hist.,  XX,  1879,  p.  23. 
Loc,  Province  of  Para,  Brazil. 

Bhipidomella  hybrida  (Sowerby).  Niagara  (I 

Orthis  hybrida  Sowerby,  Murchison's  Silurian  System,  1839,  p.  630,  pi.  12 
11.— HaU,  Geol.  N.  Y. ;  Rep.  Fourth  Dist.,  1843,  p.  105,  fig.  7;— Pal.  New  '. 
II,  1852)  p.  253,  pi.  52,  fig.  4.— Roemer,  Die  Silurische  Fauna  des  West, 
nessee,  1860,  p.  63,  pi.  5,  fig.  6. — Meek  and  Worthen,  Geol.  Survey  Hli 
1868,  p.  371,  pi.  7,  tig.  7.— Hall,  Twenty-eighth  Rep.  N.  Y.  State  Mus, 
Hist.,  1879,  p.  149,  pi.  21,  figs.  18-25 ;— Eleventh  Rep.  State  Geol.  Ind 
1882,  p.  285,  pi.  21,  figs.  18-25 ;— Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  i 
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Bhipidomella  hybrida  (Sowerby) — Oontinued. 

figB.  1-6.— Foente,  Boll.  DeuiBon  Univ.,  1, 1885,  p.  83,  pi.  13,  fig.  lO.^-Beecber 

and  Clarke,  Mem.  N.  Y.  State  Mus.,  1, 1889,  p.  17,  pi.  1,  figs.  13-18.— Nettelroth, 

Kentucky  Foesil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  39,  pi.  32,  Age. 

32-36. 
Orthia  hybridAt  Hall,  Trans.  Albany  Institute,  IV,  1863,  p.  209. 
Bhipidomella  hybrida  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  pp.  210, 

224,  pi.  6,  figs.  1-6. 
Orthia  (Bhipidomella)  hybrida  Foerste,  Geol.  Ohio,  VII,  1895,  p.  584,  pi.  25,  fig.  10. 
Loe,  Europe;  Lockport,  etc..  New  York;  Waldron,   Indiana;   Dayton,  Ohio; 

Louisville,  Kentucky;  Perry  County,  Tennessee;  Perry  County,  Bilssouri; 

Arisaig,  Nova  Scotia  (Ami). 

BhiiddomeUa  idonea  Hall.  Hamilton  (Dey.). 

Orthis  idonea  Hall,  Pal.  New  York,  IV,  1867,  p.  52,  pi.  63,  figs.  1-5. 
Bhipidomelhi  idonea  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  225. 
Loc.  Moscow  and  Eighteen  Mile  Creek,  New  York. 

Shipidomella  inca  (d'Orbigny).  Devonian. 

Orthis  inoa  d'Orbigny,  Voyage  dans  TAm^rique  M^ridionale,  Pal.,  1842,  p.  38. 
Spirifer  inca  d'Orbigny,  Ibidem,  1842,  pi.  2,  figs.  10-12. 
Xoc.  Cochabamba,  Bolivia. 

Shipidomella  leuooda  Hall.  Hamilton  (Dev.). 

Orthis  leucosia  Hall,  Thirteenth  Bep.  N.  Y.  State  Cab.  Nat.  Hist.,  1860,  p.  80;— 

Pal.  New  York,  IV,  1867,  pp.  48,  63,  pi.  7,  fig.  4;  pi.  8,  figs.  9, 10;— Second 

Ann.  Bep.  N.  Y.  State  Geol.,  1883,  pi.  36,  fig.  16. 
BhipidomeUa  leucosia  HaU  and  Clarke,  Pal.  New  York,  VUI,  Pt.  1, 1892,  p.  225, 

pi.  6,  fig.  16;  pi.  6 A,  fig.  9. 
Loo.  Eighteen  Mile  Creek,  Canandaigua  Lake,  etc.,  New  York;  Cumberland, 

Maryland. 

Bhipidomella  livia  (Billings).  Gorniferous  (Dev.). 

Orthis  livia  Billings,  Canadian  Journal,  n.  ser.,  V,  1860,  p.  267,  figs.  14-16;— 
Geol.  Canada,  1863,  p.  369,  fig.  385.— Hall,  Pal.  New  York,  IV,  1867,  p.  38, 
pi.  5,  fig.  4.— Billings,  Pal.  Fossils,  II,  1874,  p.  32,  figs.  14-16.— Nettelroth, 
Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Snrvey,  1889,  p.  40,  pi.  16, 
figs.  23, 24 ;  pi.  17,  figs.  33-35. 

Bhipidomella  livia  Hall  and  Clarke,  Pal.  New  York,  VUI,  Pt.  1, 1892,  p.  226. 

Loo.  Walpole,  Ontario;  New  York;  Columbus,  Ohio;  Falls  of  Ohio;  Indian 
Cove,  Gasp^. 

XUpidomella  Inda  (Billings).  Oriskany  (Dev.). 

Orthis  lucia  Billings,  Pal.  Fossils,  II,  1874,  p.  35,  pi.  3,  fig.  4. 

BhipidomeUa  lucia  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  225. 

Loo.  Indian  Cove,  Gasp^. 

BhipidomeUa  media  (Shaler).  Anticosti  (Sil.). 

Orthis  media  Shaler,  BuU.  Mus.  Comp.  Zool.,  4,  1865,  p.  65,- BUlings,  Cata- 
logue Silurian  Fossils  of  Anticosti,  1866,  p.  41. 
Loc.  Anticosti. 

BhipidomeUa  michelini  (I/£veiI16).  Waverly  (L.  Garb.). 

Terebratula  mioheUni  L'EveiU^,  M^m.  Soci6t^  G^ol.  de  France,  II,  1835,  p.  39, 

pi.  2,  figs.  14-17. 
Orthis  michelini  Yandell  and  Shumard,  Cent.  Geol.  Kentucky,  1847,  p.  21.— 

A.  Winohell,  Proc.  Acad.  Nat.  Sci.  PhUadelphia,  1865,  p.  116. 
Orthis  michelini  f  A.  Winohell,  Proo.  American  PhUosophical  Soc,  XII,  1870,  p. 

251.— HaU,  Second  Ann.  Bep.  N.  Y.  State  Geol.,  1883,  pi.  36,  figs.  19-21. 
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BhipidomeUa  miohelini  (I/Sveill^) — Continaed. 

Hhipidomella  michelini  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp< 

194,  225,  pi.  6A,  fig.  12. 
Loc.  South  of  LoaisYille,  and  near  Lebanon,  Kentucky;  Newark,  Granyille, 

etc.,  Ohio ;  Shafers,  Pennsylvania ;  Lake  Valley  mining  district,  New  Mexico. 
OhB.  It  is  probable  that  the  American  identifications  of  this  species  are  the 

same  as  K.  oweni  Hall  and  Clarke. 

BhipidomeUa  misaonriensiB  (Swallow).  Ghoateau  (L.  Garb.). 

Orthismissouriensis  Swallow  (non  Shnmard,  1855),  Trans.  St.  Lonis  Acad.  Sci.,  I, 

1860,  p.  639. 
Rhipidomella  missourieusis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1893, 

p.  225,  pi.  6A,  figs.  16,  17. 
Loc.  Cooper  and  Marion  coanties,  Missouri. 

BhipidomeUa  (1)  mitiB  (Hall).  Schoharie  (Dey.). 

Orthis  mitis  Hall,  Sixteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1863,  p.  34;— Pal. 

New  York,  IV,  1867,  p.  37. 
Loc,  Albany  and  Schoharie  counties,  New  York. 

BhipidomeUa  muBooloBa  Hall.  Oriskany  (Dev.). 

Orthis  musculosa  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  46;— Pal. 

New  York,  III,  1859,  p.  409,  pi.  91,  figs.  1-3;  pi.  95,  figs.  1-7. 
Rhipidomella  musculosa  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  pp. 

190, 210,  225,  pi.  6A,  fig.  5. 
Loc,  Schoharie  and  Albany  counties,  New  York;  Cumberland,  Maryland. 

BhipidomeUa  nevadaendB  (Meek).  Garboniferoiis. 

Orthis  michelini  (non  L'fiveill6)  var.  Meek,  King's  U.  S.  Geol.  Expl.  40th  Pari., 

IV,  1877,  p.  63,  pi.  7,  fig.  1. 
Orthis  nevadensis  Meek,  Ibidem,  1877;  end  of  description. 
Rhipidomella  nevadensis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892, 

p.  225. 
Loc.  White  Pine  district,  Nevada. 

BhipidomeUa  oblata  HaU.  Lower  Helderberg  (Dev.). 

Orthis  oblata  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  41,  figs. 
l-^;-Pal.  New  York,  lU,  1859,  p.  162,  pi.  10,  figs.  1-22.— Whitfield,  Geol.  Wis- 
consin, IV,  1882,  p.  320,  pi.  25,  figs.  1,  2. 

Rhipidomella  oblata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  210, 
225,  pi.  6A,  figs.  3,  4. 

Loc.  Schoharie,  Carlisle,  Hudson,  etc..  New  York;  Waunakee,  Wisconsin. 

BhipidomeUa  oblata  emarginata  (Hall).  Lower  Helderberg  (Dev.)- 

Ortbis  oblata  var.  emarginata  Hall,  Pal.  New  York,  III,  1859,  p.  164,  pi.  lOA, 

figs.  4-6. 
Loc.  Cumberland,  Maryland. 

BhipidomeUa  occasus  Hall.  Einderhook  (L.  Garb.). 

Orthis  occasus  Hall,  Thirteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist,,  1860,  p.  111. 
Rhipidomella  occasus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  225. 
Loo.  Rockford,  Indiana. 
Ohs.  Compare  with  R.  thiemei  White. 

BhipidomeUa  owexd  Hall  and  Clarke.  Waverly  (L.  Carb.). 

Orthis  (Rhipidomella)  oweni  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892, 

p.  342,  pi.  6,  figs.  19-21. 
Loc.  Bnttonmonld  Knobs,  south  of  LouisviUe,  Kentucky. 
OU.  See  R.  michelini  L'JSveill^. 


Digitized  by  LjOOQIC 


acHucHnrr]  INDEX   AND   BIBLIOQRAPHT.  351 

Shipidomella  peood  (Marcon).  Upper  Carboniferous. 

Orthis  pecosi  Marcon,  6«ol.  N.  Amerioa,  Febraary  1858,  p.  48,  pi.  6,  fig.  14. — 
White,  Wheeler's  Expl.  Sarrey  west  100th  Meridian.  IV,  1875,  p.  125,  pi.  9, 
fig.  5.— Kayser,  Richthofen's  China,  IV,  1883,  p.  177,  pi.  24,  fig.  1.— Waagen, 
Paleontologioa  Indica,  8er.  XIII,  I,  1884,  p.  573,  pi.  56,  figs.  1-^.— White, 
Thirteenth  Rep.  State  Geol.  Indiana,  1884,  p.  129,  pi.  32,  figs.  20-22.— Keyes, 
Geol.  Survey  Missonri,  V,  1895,  p.  64.— Smith,  Proc.  American  Phil.  Soc., 
XXXV,  1897,  p.  27  (extract). 

Orthis  carbonaria  Swallow,  Trans.  St.  Lonis  Acad.  Sci.,  I,  Jane,  1858,  p.  218.— 
Meek,  Final  Rep.  U.  S.  Geol.  Snrvey  Nebraska,  1872,  p.  173.  pi.  1,  fig.  8.— 
Meek  and  Worthen,  Geol.  Survey  Illinois,  V,  1873,  p.  571,  pi.  25,  fig.  4.— Hall, 
Second  Ann.  Rep.  N.  T.  State  Geol.,  1883,  pi.  37,  figs.  1-4. 

Orthis  sp.  nndet.  Meek,  Pal.  California,  I,  1864,  p.  10,  pi.  2,  fig.  5. 

Rhipidomella  pecosi  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  pp.  210, 
226,  pi.  7,  figs.  1-4. 

Loo,  Thronghout  the  Upper  Carboniferous  of  North  America;  Lo-Ping,  China; 
Amb,  India. 

Bhipidomella  peloris  Hall.  Schoharie  (Dev.). 

Orthis  peloris  Hall,  Sixteenth  Rep.  N.  T.  State  Cab.  Nat.  Hist.,  1863,  p.  32;— 

Pal.  New  York,  IV,  1867,  p.  34,  pi.  4,  figs.  1,  8-10. 
Rhipidomella  peloris  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  225, 

pi.  6A,  fig.  6. 
Loe.  Clarksville  and  Knox,  New  York. 
Oh$.  Probably  the  same  as  R.  alsa  Hall. 

Rhipidomella  penelope  Hall.  Hamilton  (Dev.). 

Orthis  penelope  Hall,  Thirteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1860,  p.  79, 
figs.  1,  2;— Pal.  New  York,  IV,  1867,  p.  50,  pi.  6,  fig.  2;— Second  Ann.  Rep. 
N.  Y.  State  Geol.,  1883,  pi.  36,  figs.  6-13.  • 

Rhipidomella  penelope  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp. 
211,  225,  pi.  6,  figs.  6-13;  pi.  6A,  fig.  10  (til). 

Loe.  Hamburg,  Alexander,  Pavilion,  York,  Moscow,  etc.,  New  York. 

BliipidomeUa  penniana  (Derby).  Upper  GarboDiferous. 

Orthis  penniana  Derby,  Bull.  Cornell  Univ.,  I,  1874,  p.  26,  pi.  5,  figs.  13,  15, 17, 

19-22;  pi.  8,  fig.  2. 
Rhipidomella  penniana  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp. 

210,  226,  pi.  7,  figs.  5-10. 
Loe,  Bongardim  and  Itaituba,  Brazil. 

BhipidomeUa  pexmsylyanioa  (Simpson).  Chemung  (Dev.). 

Orthis  pennsylvanica  Simpson,  Trans.  American  Philosophical  Soc,  n.  ser.,  XVI, 

1889,  p.  437,  fig.  1. 
Loe,  Tioga  and  McKean  counties,  Pennsylvania. 

KhipidomeUa  rhyndhoneUifimnis  (Shaler).  Antioosti  (Sil.). 

Orthis  rhynchonelliformis  Shaler,  Bull.  Mus.  Comp.  Zool.,  4, 1865,  p.  66.— Bill- 
ings, Catalogue  Sil.  Foss.  Anticosti,  1866,  p.  42. 
Loe,  Antioosti. 
Oh8.  Probably  a  variety  of  Rhipidomella  uberis  (BiUings). 

Rhipidomella  semele  Hall.  Onondaga  (Dev.). 

Orthis  semele  Hall,  Sixteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1863,  p.  34;— Pal. 

New  York,  IV,  1867,  p.  40,  pi.  5,  figs.  7,  8. 
Rhipidomella  semele  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  225. 
Loe,  Erie  County,  New  York;  Columbus,  Ohio. 
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Shipidomella  solitaria  Hall.  Hamilton  (Bev.). 

Orthia  soUtaria  HaU,  Thirteenth  Bep.  New  Tork  StAte  Cab.  Nat.  Hist.,  1800,  p. 

80;— Pal.  New  York,  IV,  1867,  p.  46,  pi.  7,  fig.  1. 
Rhipidomella  Bolitaria  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  225. 
Loc.  York,  New  York. 

Rhipidomella  Bubdrcnliu  (Simpson).  Clinton  (SiL). 

Orthis  subcircula  Simpson,  Trans.  American  Philosophical  Soc.,  n.  ser.,  XVI, 

1889,  p.  437,  fig.  2. 
Loc.  Mifflin  and  Huntington  oonnties,  Pennsylvania. 

Rhipidomella  subelliptioa  (White  and  Whitfield ).    Kinderhook  (L. Garb.). 
Orthis  snbelliptioa  White  and  Whitfield,  Proc.  Boston  Soc.  Nat.  Hist.,  VIII, 

1862,  p.  292. 
RhipidomeUa  snbelliptica  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt  I,  1892, 

p.  225. 
Lite.  Burlington,  Iowa. 

RhipidomeUa  Buborbicnlaris  Hall.  Hamilton  (Dev.). 

Orthis  suborbicularis  HaU,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  486,  pi.  2,  fig.  1. 
Rhipidomella  suborbicularis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892, 

p.  225. 
Loc,  Rock  Island,  Illinois. 

Rhipidomella  fhiemei  (White).    Chemung  (Dev.)  and  Kinderhook  (L. 

Carb.). 
Orthis  thiemii.  White,  Jour.  Boston  Soc.  Nat.  Hist.,  VII,  1860,  p.  231  ;--TweJfth 

Rep.  Hayden's  U.  S.  Geol.  Survey  Terr.,  1883,  p.  164,  pi.  41,  fig.  4. 
Orthis  thiemii?  Hall,  Pal.  New  York,  IV,  1867,  p.  63,  pi.  8,  fig.  2. 
.      RhipidomeUa  thiemii  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  225, 
pi.  6A,  figs.  14, 15. 
Loc.  Burlington,  Iowa;  In  the  Chemnng  group  at  Leon,  Napoli,  and  New  Albion, 
New  York. 

RhipidomeUa  tnbtdistriata  Hall.  Lower  Helderberg  (Dev.)« 

Orthis  tubulostriata  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  42;— 

Pal.  New  York,  III,  1859,  p.  166,  pi.  11,  figs.  1-6. 
Rhipidomella  tubulostriata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892, 

pp.  210,  225. 
Loc.  Albany  County,  New  York. 

Rhipidomella  nberis  (Billings).  Anticosti  (SiL). 

Orthis  aequivalvis  Shaler  (non  Hall,  1847),  Bull.  Mus.  Comp.  Zool.,  4, 1865,  p.  66. 
Orthis  uberis  Billings,  Catalogue  Sil.  Foss.  Anticosti,  1866,  p.  42. 
RhipidomeUa  uberis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  224. 
Loo.  Anticosti. 
Ob$.  See  Rhipidomella  rhynchonelliformis  (Shaler). 

RhipidomeUa  vannzemi  Hall.  Corniferons-Hamilton  (Dev.). 

Orthis  vanuxemi  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  135,  figs. 
1-7;— Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  487,  pi.  2,  figs.  2,  3.— Billings, 
Canadian  Jour.,  V,  1860,  p.  269.— A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Phila- 
delphia, 1862,  p.  409.— Billings,  Geol.  Canada,  1863,  p.  384,  fig.  417.— HaU, 
Pal.  New  York,  IV,  1867,  pp.  40,  47,  pi.  5,  fig.  6;  pi.  6,  fig.  3;— Second  Ann. 
Rep.  N.  Y.  State  Geol.,  1883,  pi.  36,  figs.  14,  15.— Nettelroth,  Kentucky  Foe- 
sil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  45,  pi.  16,.  figs.  4-6, 12-14.— 
Herriok,  Geol.  Ohio,  VII,  1895,  pi.  20,  fig.  10. 
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BUpidomella  vannxemi  Hall — Gontinaed. 

Bhipidomella  yannxemi  Hall  and  Clarke,  Pal.  New  York,  YIII,  Pt.  I,  1892,  p. 

225,  pi.  6,  figs.  14, 15;  pi.  6A,  figs.  7,  8. 
Xoc.  New  York;  Colombas,  Ohio;  Falls  of  Ohio;  Rock  Island,  Illinois;  Buffalo, 

Iowa;  Boeanqaet,  Ontario;  Huron  gronp.  Port  aax  Barques,  Michigan. 

Bliipidomella  yannxemi  pnlchella  (Herrick.)  Waverly  (L.  Garb.). 

Orthis  yannxemi  yar.  pnlchella  Herrick,  Ball.  Denison  Uniy.,  Ill,  1888,  p.  38,  pi. 

5,  fig.  9. 
Orthis  yannxemi  yar.  gracilis  Herrick,  Geol.  Ohio,  VII,  1885,  pi.  21,  fig.  9. 
Lae,  Oranyille,  Ohio. 

BETHCHOVELLA  Fischer  de  Waldheim.    Genotype  B.  loxia  Fischer  de 

Waldheim. 
Bhynchonella  Fischer  de  Waldheim,  Notice  des  Fos.  Gony.  Moecoo,  1809,  p.  95, 
tab.  II,  figs.  5,  6.— Hall,  Thirteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist., 
1860,  p.  65. — Meek  and  Hay  den,  Pal.  Upper  Missouri,  Smithsonian  Cont.  to 
Knowl.,  XIV,  172,  1864,  p.  70.— Hall,  Pal.  New  York,  IV,  1867,  p.  332;— 
Twentieth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1867,  p.  269.— Dall,  American 
Jour.  Conch.,  VI,  1870,  p.  151 ;— Ibidem,  VII,  1871,  p.  70.— BUUngs,  Pal.  Fos- 
sils, II,  1874,  p.  35.— Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky 
Qeol.  Suryey,  1889,  p.  72.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893, 
pp.  177, 178;— Thirteenth  Ann.  Rep.  N.  Y.  State  Geologist,  1895,  p.  822. 

Bhynchonella  snigma  (d'Orbigny).  Jurassic. 

Terebratula  senygma  d'Orbigny,  Voyage  dans  FAm^rique  M^ridionale,  Pal.,  1842, 

p.  62,  pi.  22,  figs.  10-13. 
Terebratula  concinna  (non  Sowerby)  Bayle  and  Coquand,  M^m.  Soc.  G6ol. 

France,  ser.  ii,  IV,  1851,  p.  28,  pi.  8,  figs.  4-6. 
Rhynchonella  {enigma  Gottscbe,  Palseontographica,  Suppl.,  Ill,  1878,  p.  34. 
Rhynchonella  cfr.  senigma  Steinman.  Neues  Jahrb.  f.  Min.,  Beilageband,  1881, 

p.  253. 
Xoc.  Guasco,  Coquimbo,  Dona  Ana,  Chile;  Copiapo,   Caracoles,  and  Iquique, 

Peru. 

Shynohonella  sBqniplioata  Oabb.  Triassic. 

Rhynchonella  »quiplicata  Gabb,  Geol.  Suryey  California,  Pal.,  I,  1864,  p.  35, 

pi.  6,  fig.  37. 
Loc,  Cinnabar  district,  Humboldt  Mountain,  Neyada. 

Bhynchonella  seqniradiata  Miller=Oainarot(Bchia  sBquiradiata. 
Bhynchonella  sequivalvis  Hall=Lis8opleura  sequivalvis. 
Bhynchonella  abrupta  HallsUneinalus  abraptas. 

Shynohonella  acadiaenuB  Davidson.  Upper  Carboniferous. 

Rhynchonella  acadiensis  Dayidson,  Quart.  Jour.  Geol.  Soc.  London,  XIX,  1863, 

p.  172,  pi.  9,  fig.  16.— Dawson,  Acadian  Geol.,  3d  ed.,  1878,  p.  294,  fig.  94. 
Loe,  Brookfield,  Noya  Scotia. 

Bhynchonella  acinas  Hall=rGamarot<Bchia  acinus. 

BhynchoneUa  acinus  convexa  Foerste  =  Camarotoechia  acinus  convexa. 

BhynehoneUa  acntiplicata  Hall.  Lower  Helderberg  (Dev.). 

RhynchoneUa  aontipUcata  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857, 
p.  73,  fig.  7;— Pal.  New  York,  HI,  1859,  p.  232,  pi.  33,  fig.  3. 

Lqc,  Schoharie,  New  York. 
Bull.  87 23 
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Khynchonella  (!)  aontiroitrifl  Hall.  Ghazy  (Ord.). 

Atrypa  acntirostra  Hall,  Pal.  New  York,  1, 1847,  p.  21,  pi.  4  bis,  fig.  6. 
Rbynobonella  aoutirostris  Hall,  Twelfth  Rep.  N.  Y.  SUte  Cab.  Nat.  Hist.,  1869, 

p.  65. 
Loc,  Chazy,  New  York. 
Ofr«.  This  species  is  referred  to  Zygospira  by  Whitfield. 

Bhynchonella  ainsliei  Wincbell=:BIiynchotrema  ainsliei. 

Bhynchonella  algeri  McGhesney.  Upper  Carboniferous. 

Rbynobonella  algeri  McCbesney,  New  Pal.  Fossils,  1860,  p.  51. 
Log,  Near  New  Harmony,  Indiana. 

Bhynchonella  allegania  Williams.  Chemnng  (Dev.). 

Rhycbouella  allegania  Williams,  Bull.  U.  S.  Geol.  Sarvey,  41,  1887,  p.  87,  pi.  4, 

figs.  1-8. 
Loc,  Clean  and  Little  Genesee,  New  York;  Bradford,  Pennsylvania. 

Bhynchonella  alta  Calvin=PagDax  pngnas  alta. 
Bhynchonella  altilis  Hall=Oamarot(Bchia  plena. 

Bhynehonella  altiplicata  Hall.  Lower  Helderberg  (Dev.). 

Rhynchonella  altiplicata  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  72, 

figs.  1-4;— Pal.  New  York,  III,  1859,  p.  231,  pi.  33,  fig.  2. 
Zoo.  Albany  and  Schoharie  counties.  New  York. 

Bhynchonella  alveata  Hall=Oentronella  alveata. 

Bhynchonella  amhigoa  Calvin.  Middle  Devonian. 

Rbynobonella  ambigna  Calvin,  Ball.  U.  S.  Geol.  and  Geogr.  Snryey  Terr.,  IV, 

1878,  p.  729. 
Log.  Independence,  Iowa. 

Bhynchonella  andnin  Gottsche.  Jurassic. 

Terebratula  enigma  (non  d'Orb.)  Darwin,  Geol.  Observations  South  America, 

1846,  pp.  215,  233,  pi.  5,  figs.  10-12.— Bnrmeister  and  Giebel,  Abb.  Natnrf. 

Gessel.  HaUe,  VI,  1862,  p.  128. 
Terebratula  subtetraeda  (non  Davidson)  Conrad,  U.  S.  Astronomical  Exped. 

Southern  Hemisphere,  1855,  p.  282,  pi.  42,  fig.  8. 
Rhynchonella  anduin  Gottsche,  PalsBontograpfaioa,  SuppL,  III,  1878,  p.  34,  pi.  4, 

figs.  4-7. 
Loc.  Iquiqne,  Portezuelo  de  Manflas,  and  Cordillera  de  Dona  Ana,  Chile. 

Bhynchonella  angolata  Greinitz  (non  Linn^)=Enteletes  hemiplicatns. 
Bhynchonella  (!)  anticostiemdB  Billings.  Lorraine  (Ord.). 

Rhynchonella  anticostiensis  Billings,  Pal.  Fossils,  I,  1862,  p.  142,  fig.  119;— 

Geol.  Canada,  1863,  p.  211,  fig.  212. 
Rhynchonella  ( f )  anticostiensis  Winchell  and  Scbuchert,  Minnesota  Geol.  Sarvey, 

III,  1893,  p.  464,  fig.  34. 
Rhynchonella  anticostiensis  var.  Wbiteaves,  Pal.  Foss.,  Ill,  Pt.  Ill,  1897,  p.  179. 
Loc,  Anticosti;  Wilmington  and  Savanna,  Hlinois ;  Lattners,  Iowa;  Wisconain; 

Manitoba. 
Oh;  Compare  with  R.  argenturbica  White. 

Bhynchonella  (!)  antinenfiB  (d'Orbigny).  Lower  Devonian. 

Terebratula  antisiensis  d'Orbigny,  Voyage  dans  TAm^rique  M^ridionale,  Pal., 

1842,  p.  36,  pi.  2,  figs.  26-28. 
f  Rhynchonella  cf.  antisiensis  A.  Ulrioh,  N.  Jahrb.  f.  Mineral.,  Beilageband,  VIU, 

1892,  p.  57,  pi.  4,  figs.  1-7. 
Loc.  Cocbabamba,  Tarabuco,  Bolivia. 
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Bhynehonella  antonii  Gabb.  tOretaceous. 

Bhynohonella  antonii  Gabb,  Jour.  Acad.  Nat.  Sci.  Philadelphia^  2d  aer.,  IV,  1881, 

p.  299,  pi.  42,  fig.  10. 
Loo.  Cerro  de  San  Antonio,  and  near  Chota,  Peru. 

Bhynohonella  aretiroftrata  Swallow.  St.  Loais  (L.  Garb.). 

Rhynchonella  arotirostrata  Swallow,  Trans.  St.  Lonis  Acad.  Sci.,  II,  1863,  p.  84. 
Loo,  Cooper  Coonty,  Misaoari. 

Oh9,  Regarded  by  Keyee  ae  a  synonym  forR.  snbcnneata  =  Camarophoria  sab- 
cnneata. 

Bhynduniella  (!)  argentea  Billings.  Anticosti  (Sil.). 

Rhynchonella  f  argentea  Billings,  Catalogue  Silurian  Fossils  Anticosti,  1866, 

p.  43. 
Loo.  Anticosti. 

Bhyncbonella  argentarbica  White=Bbynchotreta  inseqaivalvis. 

Bhynchonella  aspada  Billings.  Lower  Helderberg  (Dev.). 

Rhynchonella  aspasia  BiUings,  Proc.  Portland  Soo.  Nat.  Hist.,  1, 1863,  p.  Ill, 

pi.  3,  fig.  6. 
Loc.  Square  Lake,  Maine. 

Shynehonella  baiqueniis  A.  WinchelL  Marshall  (L.  Carb.). 

Rhynchonella  barquenais  A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1862, 

p.  408. 
Loc.  Port  aux  Barques,  Michigan. 

Bhyncbonella  barrandi  Hall=Gainarot(Bchia  barrandei. 

Shynehonella  (!)  bellilbrmis  Nettelrotb.  Niagara  (Sil.). 

Rhynchonella  bellaforma  Nettolroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky 

Geol.  Survey,  1889,  p.  73. 
Loc.  Louisville,  Kentucky. 

Shynehonella  belemnitica  Qnenstedt.  Jurassic. 

Rhynchonella  belenmitica(Quen8t.)  Moricke,  N.  Jahrb.  f.  Mineral.,  Beilageband, 

IX,  1894,  p.  61. 
For  locality  and  observations  see  R.  plicatissima. 

BhyndumeUa  bialveata  Hall.  Lower  Helderberg  (Dev.). 

Rhynchonella  f  bialveata  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857, 

p.  73;— Pal.  New  York,  III,  1859,  p.  233,  pi.  34,  figs.  1-4. 
Loo,  Albany  County,  New  York ;  Square  Lake,  Maine. 

Shynehonella  (!)  bidens  Hall.  Clinton  (Sil.). 

Atrypa  bidens  Hall,  Pal.  New  York,  II,  1852,  p.  68,  pi.  23,  fig.  3. 
Rhynchonella  bidens  HaU,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1859,  p.  77. 
Loo,  Lookport,  New  York. 

Shynehonella  (!)  bidentata  (Hisinger).  Niagara  (Sil.). 

Terebratula  bidentata  Hisinger,  Kongl.  Svenska  Vet.-Akad.  Handl.,  for  1825, 

1826,  p.  343,  pi.  7,  Hg.  5. 
Atrypa  bidentata  Hall,  Pal.  New  York,  II,  1852,  p.  276,  pi.  57,  fig.  3. 
Rhynchonella  bidentata  Hall,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hist ,  1859, 

p.  77. 
Loc  Lookport,  New  York. 

Bhyncbonella  billingsi  Hall=Gamarot(Bchia  biUingsi. 
Bhyncbonella  booensis  Sbumard=:Leiorbynchns  booneuse. 
Bhyncbonella  breyirostris  Billings =Anastrophia  brevirostris. 
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Bhynehcmella  camerifera  A.  Winchell.  Marshall  (L.  Ga 

Rhynohoiiella  camerifera  A.  WincheU;  Proc.  Acad.  Nat,  Sci.  Philadelphia, 

p.  408. 
Loc.  Port  auz  Barques,  Michigan. 

Bhynchonella  campbellana  Hall=nncinala8  campbellanas. 
Bhynchonella  camora  Hall=Tremato8pira  camara. 
Rli3mclionella  capax  Hall=Rhyncliotremacapax. 
Rhynchonella  caput-testudinis  White=Camarophoria  capat-testac 

Bhynchonella  caracolenBis  Gottsche.  Jim 

Rhynchonella  caracolensis  Gottache,  Palseontographica,  Snppl.,  Ill,  1878, 

pi.  4,  fig.  8. — Steinman,  Neues  Jahrb.  f.  Mineral.,  Beilageband,  1881,  p. 

Moricke,  Ibidem,  Beilageband,  IX,  1894,  p.  61. 
Loc,  Iqnique,  Chile;  Caracoles,  Boliyia. 

Bhynchonella  carbonaria  McGhesuey.  Upper  Garbonife 

Rhynchonella  carbonaria  McChesney,  New  Pal.  Fossils,  1860,  p.  51. 
Loc,  Near  Farmington,  Illinois. 

Bhynchonella  carica  Hall=Gamarot(Bchia  carica. 
Bhynchonella  Carolina  Hall=GamarotoBchia  Carolina. 
Bhynchonella  castanea  Meek=Hypothyris  castanea. 
Bhynchonella  congregata  Hall=GamarotoBchia  congregata. 
Bhynchonella  contracta  Hall=Oamarot<Bchia  contracta. 
Bhynchonella  contracta  var.  saxatilis  Hall=Ganiarot<Bchia  conti 
saxatilis. 

Bhynchonella  colletti  Miller.  Niagara  ( 

Rhynchonella  colletti  Miller,  Eighteenth  Ann.  Rep.  Geol.  Sarvey  Indiana, 

p.  311,  pi.  9,  figs.  8, 9. 
Loc,  Wabash,  Indiana. 

Bhynchonella  cooperensis  Shumard.  Kinderhook  (L.  Ga 

Rhynchonella  cooperensis  Shumard,  Geol.  Rep.  Missouri,  1855,  p.  204,  ] 

fig.  4. 
f  Camarophoria  cooperensis  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p 

pi.  18,  tig.  6. 
Loc,  Cooper  County,  Missouri ;  Eureka  district,  Nevada. 

Bhynchonella  (!)  corinthia  Billings.  Galciferoos  (0 

Rhynchonella  corinthia  Billings,  Pal.  Fossils,  I,  1865,  p.  220. 
Loc.  Table  Head,  Newfoundland. 

Bhynchonella    cuneata  Billings,  and    Hall  =  Bhynchotreta    con 

americana. 
Bhynchonella  dawsoniana  Davidson=Pugnax  dawsoniana. 

Bhynchonella  (1)  deoemplicata  Sowerby.  Glinton  (I 

Rhynchonella  decempUcata  Foerste,  Proc.  Boston  Soc.  Nat.  Hist.,  XXIV, 

p.  320,  pi.  6,  figs.  23,  24. 
Loc,  England;  Cumberland  Gap,  Tennessee. 

Bhynchonella  dentata  Hall=Bhynchotrema  dentatoin. 
Bhynchonella  dotis  Hall=Gamarotoechia  dotis. 

Bhynchonella  dryope  Billings.  Oriskany  (D( 

RhynchoneUa  dryope  Billings,  Pal.  Fossils,  II,  1874,  p.  37,  pi.  3A,  fig.  1. 
Loo,  Grand  Greve,  Gasp4. 


Digitized  by  VjOOQ IC 


«:BrcHMT.3  INDEX   AND   BIBLIOGRAPHY.  357 

Bhsmcbonella  dnbia  Hall=Protorhyncha  dabia. 
BbyBcbonella  duplicata  HallsOamarotcecbia  daplicata. 
BhyBcbonella  eatonisBformis  Mc0he8ney=Pagnax  rockymontana. 

Bhynehonella  emacerata  Hall.  Clinton  (Sil.). 

Atrypa  emaoenita  Hall,  Pal.  New  York,  II,  1852,  p.  71,  pi.  23,  fig.  6.— Dawson, 

Acadian  Geology,  3d  ed.,  1878,  p.  599. 
Rhynchonella  emacerata  Hall,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1859, 

p.  77. 
Loc,  Sodns  and  Rochester,  New  York ;  Arisaig,  Nova  Scotia. 
Bbynehonella  eminens  Hall.  Lower  Helderberg  (Dev.). 

RhynchoneUa  eminens  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.    Hist.,  1857, 

p.  78;— Pal.  New  York,  III,  1859,  p.  237,  pi.  37,  figs.  3,  4. 
Loe.  Albany  County,  New  York. 

Bhynehonella  emmonsi  Hall  and  Whitfield =Hypothyris  emmonsi. 
Bhynehonella  endlichi  Meek=Gamarotoechia  endlichi. 

Bhynehonella  erereniis  Eathbnn.  Middle  Devonian. 

RhynchoneUa  ererensis  Rathbnn,  Proc.  Boston  Soc.  Nat.  Hist.,  XX,  1879,  p.  32. 
Loc.  Erere,  ProYinoe  of  Para,  Brazil. 

Bhynehonella  enrekaenslB  Walcott.  Lower  Garboniferons. 

RhynchoneUa  eurekeusis  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIU,  1884,  p.  223, 

pi.  18,  fig.  8. 
Loc.  Enreka  district,  Nevada. 

Bhynehonella  (?)  eva  Billings.  Anticosti  (Sil.). 

RhynchoneUa  eva  Billings,  Catalogue  Sil.  Foss.  Anticosti,  1806,  p.  44. 
Loc.  Anticosti. 

Bhynehonella  evangelina  Hartt.  Upper  Carboniferous. 

RhynchoneUa  evangelina  Hartt,  Dawson's  Acadian  Geology,  3d  ed.,  1878,  p.  299. 
Loc,  Windsor,  Nova  Scotia. 

Oh:  Compare  with  Pagnaz  pngnns  as  identified  by  Davidson,  from  the  same 
locality. 

Bhynehonella  exeellens  Billings.  Oriskany  (Dev.). 

RhynchoneUa  ezcellens  Billings,  Pal.  Fossils,  II,  1874,  p.  36,  figs.  17, 18. 
Loe,  Indian  Cove,  Gasp^. 

Bhynehonella  eximia  Hall=GamarotoBehia  eximia. 
Bhynehonella  explanata  MeGhesney=Gainarophoria  explanata. 

Bhynehonella  fltehana  Hall.  Oriskany  (Dev.). 

RhynchoneUa  fitchana  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  85;— 

Pal.  New  York,  III,  1859,  p.  441,  pi.  103,  tig.  1. 
Loc.  Carlisle,  New  York. 

Bhynehonella  formosa  Hall=Bhyuchotrema  formosam. 
Bhynehonella  fringilla  Billing8=Gamarotceehia  fringilla. 

Bhynehonella  gainesi  Nettelroth.  Hamilton  (Dev.). 

RhynchoneUa  gainesi  Nettelroth,  Kentncky  Fossil  Shells,  Mem.  Kentucky  Geo- 
logical Surrey,  1889,  p.  76,  pi.  31,  figs.  6>9. 
Loc.  Jefferson  County,  Kentucky. 

Bhynehonella  glacialis  Billing8=Gamarot€eehia  glaeialis. 
Bhynehonella  glansfagea  Hall=Gentronella  glansfagea. 
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Rhynchonella  poathophora  Meek.  Jurassic. 

Rhynohonella  ^athophora  Meek,  Oeol.  Survey  CaHfomia,  Pal.,  1, 1S64,  p.  39,  pi. 

8,fig.l. 
RhynchoDella  ipiathophoraf  Hall  and  Whitfield,  King's  U.  S.  Geol.  Expl.  40Ui 

Pari.,  IV,  1877,  p.  284,  pi.  7,  fiff.  6. 
Loc.  Plnmae  County,  Califomia;  Uinta  Range,  Utah. 

BhyBchonella  greenana  Cririch=LeiorliyDcha8  greeneanum. 

Bhynehonella  gnadalupsB  Shamard.  Upper  Carboniferous. 

Rhynchonella  gnadalupe  Shnmard,  Trans.  St.  Louis  Acad.  Sci.,  1, 1858,  p.  295, 

pi.  11,  fig.  6. 
Loo.  Guadalupe  Mountains,  New  Mexico  and  Texas. 

Bhynchonella  halli  Oabb.  Triassic. 

Rhynchonella  halli  Gabb,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  2d  ser.,  IV,  1860, 

p.  308,  pi.  48,  fig.  29. 
Loo.  Bath  County,  Virginia. 

Bhynchonella  heteropsis  A.  Winchell.  Kinderhook  (L.  Garb.). 

Rhynchonella  heteropsis  A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1865, 

p.  121. 
Loc.  Burlington,  Iowa;  Hamburg,  Illinois;  Medina  County,  Ohio. 

Bhynclioiiella  horsfordi  Hall=Oamarot(Bchia  horsfordi. 

Bhynclioiiella  hubbardi  A.  Wincbell.  Marshall  (L.  Garb.). 

Rhynchonella  hubbardi  A.  Winchell,  Proo.  Acad.  Nat.  Sci.  Philadelphia,  1862,  p. 

407;— Ibidem,  1865,  p.  122. 
Loo.  Marshall  and  Port  aux  Barques,  Michigan ;  Summit  County,  Ohio. 

Rhynchonella  hnronensiB  A.  Winchell.  Huron  (Dev.). 

Rhynchonella  huronensis  A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1862, 

p.  409. 
Loc.  Port  aux  Barques,  Michigan. 

EhynehoneUa  hnronensiB  precipua  A.  Winchell.  Huron  (Dev.). 

Rhynchonella  huronensis  var.  precipua  A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Phil- 
adelphia, 1862,  p.  409. 
Loc.  Port  aux  Barques,  Michigan. 

Bhynehonella  (1)  hydranlica  Whitfield.  Waterlime  (Sil.). 

Rhynchonella  hydraulica  Whitfield,  Annals  N.  Y.  Acad.  Sci.,  II,  1882,  p.  194;— 
Ibidem,  V,  1891,  p.  512,  pi.  5,  fig.  17 ;— Geol.  Ohio,  VII,  1895,  p.  414,  pi.  1,  Hg.  17. 
Loo.  Greenfield,  Ohio. 

Bhynehonella  Ida  Hartt.  Upper  Garboniferous. 

Rhynchonella  ida  Hartt,  Dawson's  Acadian  Geology,  3d  ed.,  1878,  p.  298. 
Loo.  Windsor,  Nova  Scotia. 

Bhynehonella  UlinoisenBiB  Worthen.  Upper  Garboniferous. 

Rhynchonella  illinoisense  Worthen,  Bull.  Illinois  State  Mus.  Nat.  Hist.,  2, 1884, 

p.  24;— Geol.  Survey  Illinois,  VIII,  1890,  p.  104,  pi.  11,  fig.  3. 
Loc.  Peoria,  Illinois. 

Bhynehonella  increbescens  Hall,  1860  (non  1847)=Bhynchotreniacapax. 

Ehynchonella  increbescens  Hall=Ehynchotrenia  intequivalve. 

Bhynehonella  indentata  Shumard.  Upper  Garboniferous. 

Rhynchonella  indentata  Shamard,  Trans.  St.  Louis  Acad.  Sci.,  1, 1859,  p.  383. 
Loc.  Guadalupe  Mountains,  New  Mexico. 

Bhynehonella  indianensis  Hall=GamarotCBchia  iiidianaensis. 
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BhynehaneUa  uueqniplicata  Hall.  TJpx>6r  Helderberg  (Dev.). 

Bhynohooella  ineqniplioata  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1867, 

p.  126. 
Lo€.  "Western  New  York." 

Bbynchonella  intermedia  Barris=Hypothyris  emmonsi. 

Bhynehonella  inutilis  Hall.  Lower  Helderberg  (Dev.). 

Rhynchonella  inatUis  Hall,  Tenth  Bep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  74;— 

Pal.  New  York,  III,  1859,  p.  223,  pi.  34,  figs.  7,  8. 
Loc.  Albany  County,  New  York. 

BhynchoBella  (!)  janea  Billings.    Lorraine  and  Anticosti  (Ord.  and  SiL). 
Bhynohonella  Janea  BiUings,  Catalogue  Sil.  Fossils  Anticosti,  1866,  p.  43.— 
Foerste,  Proo.  Boston  Soo.  Nat.  Hist.,  ZXIV,  1890,  p.  316,  pi.  5,  figs.  23,  24. 
Loc.  Anticosti ;  Collinsville,  Alabama. 

Bhynchonella  kokomoensis  MiIler=Wil8onia  kokomoensis. 

Shynchonella  lacimosa  (Schlotheim).  Jnrassic. 

Teiebratnlites  lacnnosa  Schlotheim,  Leonhardt's  Min.  Tasch.,  VII,  1813,  pi.  1, 
fig.  2. 

BhynchoneUa  lacnnosa  Davidson,  British  Oolitic  and  Liassic  Brach.,  Pal.  Soc., 
1852,  p.  96,  pi.  16,  figs.  13,  14. — Agnilera,  Datos  para  la  Geologia  de  Mexico, 
1893,  p.  18;— Bol.  Com.  Geoldgioa  de  Mexico,  I,  1895,  p.  1,  pi.  1,  figs.  1-13. 

Lo€.  Europe;  Bancho  Alamitos,  Sierra  de  Catorce,  Mexico. 

Bhynchonella  laonnosa  arolica  OppeL  Jarassic. 

Bhynchonella  lacnnosa  var.  arolica  Agnilera,  Datos  para  la  Geologia  de  Mexico, 

1893,  p.  18;— Bol.  Com.  Geoldgica  de  Mexico,  I,  1895,  p.  1,  pi.  1,  figs.  14-25; 

pi.  2,  figs.  1,  2. 
Loe,  Europe;  Bancho  Alamitos,  Sierra  de  Catorce,  Mexico. 

Bhynchonella  IsBvis  Simpson.  Clinton  (SiL). 

Bhynchonella  (Stenochisma)  Iseyis  Simpson,  Trans.  American  Philosophical  Soc, 

n.  ser.,  XVI,  1889,  p.  443,  fig.  8. 
Loe,  Blair  County,  Pennsylyania. 

Bhynchonella  (!)  lamellata  Hall.  Coralline  (Sil.). 

Atrypa  lamellata  Hall,  Pal.  New  York,  II,  1852,  p.  329,  pi.  74,  fig.  11. 
Bhynchonella  lamellata  HaU,  Twelfth  Bep.  N.  Y.  State  Cab.  Nat.  Hist.,  1859, 

p.  78. 
Loo.  Schoharie,  New  York. 

BhynchoneUa  lanra  BilIings=Leiorhynchus  laura. 

Bhynchonella  lingolata  Gabb.  Triassic. 

BhynchoneUa  lingulata  Gabb,  Geol.  Survey  California,  Pal.,  I,  1864,  p.  34,  pi.  6, 

fig.  36. 
Loc.  Humboldt  County,  Nevada. 

BhynchoneUa  lonisvillensiB  iNettelroth.  Corniferons  (Dev.). 

Bhynchonella  louisvillensis  Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky 

Geol.  Survey,  1889,  p.  77,  pi.  31,  figs.  1-4. 
Loc.  Falls  of  Ohio. 

Bhynchonella  macra  Hall.  St.  Lonis  (L.  Carb.). 

Bhynchonella  macra  Hall,  Trans.  Albany  Institute,  IV,  1858,  p.  11.— Whitfield, 
BuU.  American  Mus.  Nat.  Hist.,  1, 1882,  p.  52,  pi.  6,  figs.  4(M2.— Hall,  Twelfth 
Bep.  State  Geol.  Indiana,  1883,  p.  334,  pi.  29,  figs.  40-42. 

Loc.  Alton,  IlUnois. 
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Bhynehonella  mainenais  Billings.  Lower  Helderberg  (Dey.). 

Rhynchonella  mainensiB  Billings,  Proo.  Portland  Soc.  Nat.  Hist.,  1, 1863,  p.  110, 

pi.  3.  fig.  4. 
Xoo.  Square  Lake,  Maine. 

Bhynehonella  manflaseniiB  Moricke.  Jarassic. 

Rhynchonella  manflaeenslB  Moricke,  Neaee  .Jahrb.  f.  Mineral.,  Beilageband,  IX, 

18»4,  p.  62,  pi.  5,  fige.  7a-7c. 
Loc,  Manflas  and  Melon,  Chile. 

Bhynehonella  mansoni  Salter=Atrypa  manaonii. 

Bhynehonella  marshallensiB  A.  Winchell=Gamarot(Bchia  marshallensis. 

Bhynehonella  mandensiB  Whiteaves.  Oetaceoas. 

Rhynchonella  maadensis  Whiteaves,  Mesozoic  Fossils,  Geol.  Snrv.  Canada,  I, 

1884,  p.  252,  pi.  33,  fig.  8. 
Loo,  Maad  Island. 

Bhynehonella  medea  Billings.  Gorniferous  (Dev*). 

Rhynchonella  medea  Billings,  Canadian  Jonr.,  n.  ser.,  V,  1860,  p.  271; — OeoL 

Canada,  1863,  p.  870,  fig.  388. 
Loo,  Township  of  Rainham,  Ontario. 

Bhynehonella  medialifl  Simpson.  Waverly  (L.  Garb.). 

Rhynchonella  medialls  Simpson,  Trans.  American  Philosophical  Soc,  n.  ser., 

XVI,  1889,  p.  444,  fig.  9. 
Loc,  Warren,  Pennsylvania. 

Bhynehonella  (!)  metalliea  White.  Upper  Garboniferous. 

Rhynchonella  metalliea  White,  Wheeler's  £xpl.  and  Survey  west  100th  Mend., 
Prel.  Rep.,  1874,  p.  20;— Ihidem,  Final  Rep.,  IV,  1875,  p.  129,  pi.  10,  fig.  10. 
Loc,  Lincoln  County,  Nevada. 
Oh9,  Probahly  an  Uncinnlus. 

Bhynehonella  miea  Billing8=Zygospira  mica. 

Bhynehonella  (!)  mieioplenra  A.  Winehell.  Marshall  (L.  Garb.). 

Rhynchonella  (Retziaf)  micropleora  A.  Winehell,  Proc.  Acad.  Nat.  Sci.  Phila- 
delphia, 1865,  p.  122. 
Loo.  Battlecreek,  Michigan. 

Bhynehonella  minnesotensis  Sarde8on=BhynQhotrema  insequivalvis. 
Bhynehonella  missouriensis  Shumard,  fig.  5a  (non  5b^5e)=Paguax 

pugnus  missouriensis. 
Bhynehonella  missoariensis  Shnmard^  figs.  5b,  5e  (non  5a)=:PagDax 

striatieostata. 

Bhynehonella  mnltifltriata  Hall.  Oriskany  (Dev.). 

Rhynchonella  multistriata  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857, 

p.  85;— Pal.  New  York,  HI,  1859.  p.  440,  pi.  102,  fig.  3;  pi.  106,  fig.  3. 
Loc,  Helderberg  Mountains,  New  York. 

Bhynehonella  matabilis  Hal]=nncinaln8  mutabilis. 
Bhynehonella  mntata  Hall=Pagnax  matata. 

Bhynehonella  myrina  Hall  and  Whitfield.  Jurassie. 

Rhynchonella  species?  Meek  and  Hayden,  Smithsonian  Cent,  to  Knowl.,  XIV, 

172,  1865,  p.  71,  pi.  4,  fig.  3. 
Rhynchonella  myrina  Hall  and  Whitfield,  King's  U.  S.  Geol.  Expl.  40th  Pari., 
IV,  1877,  p.  284,  pi.  7,  figs.  1-5.— Whitfield,  Powell's  Geol.  Geogr.  Survey 
Rocky  Mountain  Region,  1880,  p.  347,  i>l.  3,  figs.  6,  7. 
Loc,  Uinta  Range,  Utah;  Black  Hills,  Dakota.  ^-^  ^ 
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Bhynehonella  nae&ab  Whitfield.  Lorraine  (Ord.). 

Bbynchonella  neenah  Whitfield,  Qeol.  WiBConsin,  IV,  1882,  p.  265,  pi.  12,  figs. 

19-22. 
Hhyncbonella  ( f )  neenah  Winohell  and  Sehuchert,  Geol.  Sarvey  Minnesota,  III, 

1893,  p.  465,  pi.  34,  figs.  35-37. 
Loe.  Ironridge,  Clifton,  etc.,  Wisconsin;  Savanna,  Illinois;  Lattners,  Iowa. 

Bhynchonella  neglecta  Hall=sOamarot<Bchia  neglecta. 
Khynclionella  neglecta  var.  scobina  Meek=Camarot€echia  neglecta. 
Khynchonella  nitens  Dana=Terebratu]a  niteus. 
Bhynchonella  nobilis  Hall=l7ncinalas  nobilis. 
Bhyncbonella  nacleolata  Hall=XJnciuala8  nucleolatas. 

Bhynchonella  nnoola  (Sowerby).  Silurian. 

Terebratnla  nacala  Sowerby,  Mnrchison's  Silurian  System,  1839,  pi.  5,  fig.  20. 
RhyncboneUa  nacala  Etheridge,  Quart.  Jour.  Geol.  Soc.  London,  XXXIY,  1878, 

p.  595. 
Loe,  England;  Beseels  Bay,  lat.  8P  6'. 

Bhynchonella  nntriz  Billings.  Anticosti  (Sil.). 

Bhynchonella  nutriz  Billings,  Catalogue  Silurian  Fossils  Anticosti,  1866,  p.  43. 
Loo,  Anticosti. 

Bhynchonella  oblata  Hall.  Oriskany  (Dev.). 

Bhynchonella  oblata  Hall,  Tenth  Bep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  86;— 

Pal.  New  York,  III,  1859,  p.  439,  pi.  102,  figs.  1,  2. 
Loc.  Albany  and  Schoharie  counties,  New  York. 

Bhynchonella  obsolescens  Hall.  Kinderhook  (L.  Carb.). 

Bhynchonella  (Eatonia)  obsolescens  Hall,  Thirteenth  Bep.  N.  Y.  State  Cab.  Nat. 

Hist.,  1860,  p.  111. 
Loc,  Bockford,  Indiana. 

Bhynchonella  obtasiplicata  Hall=Oamarot(echia  obtnsiplicata. 

Bhynchonella  occidenB  Walcott.  Lower  Devonian. 

Bhynchonella  occidens  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  152,  ])1. 

16,  fig.  3. 
Loc,  Eureka  district,  Nevada. 

Bhynchonella  oppodta  White  and  Whitfield.         Kinderhook  (L.  Carb.). 
Bhynchonella  opposita  White  and  Wbitfield,  Proc.  Boston  Soc.  Nat.  Hist.,  VI II, 

1862,  p.  294. 
Loo,  Burlington,  Iowa. 

Bhynchonella  orbicularis  Hall=Oainarotoechia  orbicularis. 

Bhynchonella  orientalis  Billings.  Ghazy  (Ord.). 

Bhynchonella  orientalis  Billings,  Canadian  Nat.  Geol.,  IV,  1859,  p.  443,  fig.  21;— 

Geol.  Canada,  1863,  p.  126,  fig.  51. 
Loo,  Mingan  Island. 

Bhynchonella  osagensis  Swallow=:Pagnax  utah. 
Bhynchonella  ottamwa  White=Pugnax  ottamwa. 
Bhynchonella  parvini  McGhe8ney=Gainarophoria  sabtrigona. 
Bhynchonella  perlamellosa  Whitfield =Bhynchotrema  perlamellosnm. 

Bhynchonella  perroBtellata  Swallow.  St.  Louis  (L.  Garb.). 

Bhyncbonella  perrostellata  Swallow,  Trans.  St.  Louis  Acad.  Soi.,  II,  1863,  p.  85. 
Uc.  Cooper  County,  Misaoori.  ^^  ^^^^  ^^  GoOglc 
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ShynchoneUa  persiniiata  A.  Winchell.  Einderhook  (L.  Garb.). 

Hhynohonella  persinaata  A.  Winohell,  Froc.  Acad.  Nat.  Sci.  Philadelphia^  1865, 

p.  121. 
Loe,  Borling^n,  Iowa. 

BhyDchonella  phoca  Salter= Atrypa  phoca. 

Rhynehonella  pipira  Derby.  Upper  Garboniferoas. 

Rhynchonella  pipira  Derby^  Ball.  Cornell  Univ.,  1, 1874,  p.  24,  pi.  3,  figs.  18, 2Si, 

25,  26,  31. 
Loc.  Boi^Jardim  and  Italtnba,  Brazil. 

Bhynchonella  piaa  Hall  and  Wbitfield.  Niagara  (Sil.). 

Rhynchonella  pisa  Hall  and  Whitfield,  Pal.  Ohio,  II,  1875,  p.  135,  pi.  7,  figs. 

18-22.—Nettelroth,  Kentacky  Foesil  Shells,  Mem.  Kentncky  Geological  Sor- 

vey,  1889,  p.  78,  pi.  32,  figs.  24-27. 
Loc  Highland  County,  Ohio;  Lonifiville,  Kentacky. 

Rhynchonella  planioonYeza  Hall.  Lower  Helderberg  (l>ev.). 

Rhynchonella  planoconvexa  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857, 

p.  75;— Pal.  New  York,  III,  1859,  p.  235,  pi.  34,  fig.  22. 
Loc,  Albany  Connty,  New  York. 

Bhynchonella  plena  Hall=Gamarot(Bchia  plena. 
Ehynchonella  pleioplenra  Hall=Oaniarotoechia  pleiopleura. 

Rhynchonella  pleuiodon  (Phillips).  Upper  Garboniferoas. 

Terebratnla  plearodon  Phillips,  Geol.  Yorkshire,  II,  1836,  p.  222,  pi.  12,  figs. 

25-30. 
Rhynchonella  plearodon  Davidson,  Mon.  British  Carb.  Brach.,  1800,  p.  101, 

pi.  23,  figs.  1-15.— Tonla,  Sitzongsb.  der  k.  k.  Akad.  zu  Wien,  LIX,  1809,  p.  7, 

pi.  1,  fig.  e.^Etheridge,  Qaart.  Joar.  Geol.  Soc.  London,  XXXIY^  1878, 

p.  632. 
Loc,  Enrope;    "Common  in  the  Carboniferoas  rocks  of  America,"  Davidson; 

Bolivia;  Feilden  Isthmas,  lat.  82°  43'. 
Ohs.  Compare  with  Pugnax  atah  (Maroon). 

KhynchoneUa  plicata  Hall.  Medina  (Sil.). 

Atrypa  plicata  HaU,  Pal.  New  York,  II,  1852,  p.  10,  pi.  4,  fig.  6. 
RhynchoneUa  plicata  Hall,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1^9,  p.  78. 
Loc,  Lockport,  New  York. 

Rhyndionella  plicatella  (Linn6).  Niagara  (Sil.). 

Atrypa  plicateUaf  HaU,  Pal.  New  York,  II,  1852,  p.  279,  pi.  58,  figs.  3,  4. 
RhynchoneUa  plicateUa  HaU,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1859, 

p.  78. 
Atrypa  plicatella  MiUer,  N.  American  Qeol.  Pal.,  1889,  p.  337. 
Loc.  Europe ;  Wolcott,  New  York. 

RhynchoneUa  plicatilis  (Sowerby).  Gretaceons. 

Terebratnla  plicateUa  Sowerby,  Mineral  Conchl.,  V,  1825,  p.  167,  tab.  503,  fig.  1. 
RhynchoneUa  plicatilis  Davidson,  British  Cretaceons  Brach.,  Pal.  Soc.,  1, 1852, 

p.  75,  pi.  10,  figs.  37,  42.— Eiohwald,  Geog.  Paleont.  Bemerk.  Halb.  Mang. 

Alentischen  Inseln,  1871,  p.  200. 
Xoc- England;  Alaska. 

Shyndionella  plicatiMima  Quenstedt.  Jorasaia 

RhynchoneUa  plicatissima  (Qnenst.)  Morioke,  Neaes  Jabrb.  f.  Mineral.,  Beilage- 

band,  IX,  1894,  p.  61. 
Loc,  Sierra  de  la  Temera,  Coqnimbo,  Gaasco,  and  Copiapo,  Chile. 
Ohs,  Moricke  says  that  Terebratnla  »nigma  Forbes  in  great  part  belong  to  this 

species  and  R.  belemnitioa.  C^ r^r^n]t> 
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Bhynchonella  plicifera  HaU=Oamarot(Bchia  plena. 

Shynchcmella  piindpalif  Hall.  Oriskany  (Dev.). 

BhynchoneUa  principalis  HaU,  Tenth  Rep.  N.Y.  State  Cab.  Nat.  Hist.,  1857, 

p.  84 ;— PaL  New  York,  III,  1869,  p.  443,  pi.  106,  fig.  4. 
Loe.  Anbnm,  New  York. 

Bhynchonella  prolifica  Hall=Oamarot€echia  prolifica. 
Bhynchonella  pagnus  of  aathors^Pugnax  pugnns. 
Bhynchonella  pastolosa  White=Bh3mchopora  pustolosa. 
Bhynchonella  pyramidata  Hall=:nncinalas  pyramidatos. 

Bhynehcmella  pyrrha  Billings.  Anticosti  (Sil.). 

Rhynchonella  pyrrha  BiUings,  Catalogue  Sil.  Fose.  Anticosti,  1866,  p.  44. 
Loo,  Anticosti. 

Shynehonella  ramsayi  Hall.  Oriskany  (Dev.). 

RhynchoneUa  ramsayi  Hall,  Pal.  New  York,  III,  1859,  p.  446,  pi.  lOlA,  figs.  7, 8. 
Loe.  Cumberland,  Maryland. 

Bhynehonella  (!)  lariooita  Whitfield.  Gorniferons  (Dev.)* 

Rhynchonella  f  raricosta  Whitfield,  Annals  N.  Y.  Acad.8oi.,  II,  1882,  p.  201;— 
Ibidem,  V,  1891,  p.  522,  pi.  6,  fig.  6;— Oeol.  Ohio,  VII,  1895,  p.  421,  pi.  2,  fig.  6. 
Loe,  Columbus,  Ohio. 

Bhynchonella  reticulata  Hall=Dictyonella  reticnlata. 

Bhynchonella  ricinnla  Hall.  St.  Louis  (L.  Garb.). 

Rhynchonella  ricinnla  Hall,  Trans  Albany  Institute,  IV,  1858,  p.  9.— Whitfield, 

Bull.  American  Mus.  Nat.  Hist.,  I,  1882,  p.  53,  pi.  6,  fig.  46.— HaU,  Twelfth 

Rep.  State  Geol.  Indiana,  1883,  p.  330,  pi.  29,  fig.  46. 
Loo,  Spergen  Hill,  Indiana. 

Bhynchonella  ringens  Swallow =Gamarophoria  ringens. 

Bhynchonella  robusta  Hall.  Glinton  (Sil.). 

Atrypa  robusta  Hall,  Pal.  New  York,  U,  1852,  p.  71,  pi.  23,  fig.  7. 
Rhynchonella  robusta  HaU,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1859,  p.  78. 
Loe,  Lockport,  New  York. 

Bhynchonella  rockymontana  Marcou=Pugnax  rockjrmontana. 
Bhynchonella  royana  Hall.  Gomiferous  (Dev.). 

RhynchoneUaf  (Stenocismaf)  royana  HaU,  Pal.  New  York,  IV.  1867,  p.  338,  pi.  54, 

figs.  20-23. 
Loe,  Near  Leroy,  New  York. 

Bhynchonella  mdiB  Hall.  Lower  Helderberg  (Dev.). 

RhynchoneUa  rudis  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  75;— 

Pal.  New  York,  III,  1859,  p.  235,  pi.  34,  figs.  20,21. 
Loe.  Hudson,  New  York. 

Bhynchonella  mgiooirta  Nettelroth.  Niagara  (Sil.). 

RhynohoneUa  mgeecosta  Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky 
Geol.  Survey,  1889,  p.  78,  pi.  32,  figs.  48-61. 

Loe.  Louisville,  Kentucky. 
Bhynchonella  saffordi  Hall=Wilsonia  saffordi. 
Bhynchonella  safifordi  var.  depre8sa=  Wilsonia  safifordi  depressa. 
BhynchoneUa  sageriana  A.  Winchell=Gamarot(Bchia  sageriana. 
Bhynchonella  sancta  Sardeson=Bhynchotrema  inseqnivalve  laticos- 

tatum. 
Bhynchonella  sappho  Hall=:Gamarot(Bchia  sappho. 
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Bhynolionella  schucherti  Stanton.  Upper  Cretaceous  (Knox 

Rbyncbonella  schucherti  Stanton,  BoU.  U.  S.  Geol.  Survey,  133, 1896,  p.  31 

figs.  1-4. 
Loc.  Paskenta,  California. 

Hhynchonella  scobina  Meek=GamarotGechia  neglecta. 

Ehynchonella  Bemiplicata  (Conrad).  Jjower  Helderberg  (1 

j^trypa  Bemiplicata  Conrad,  Fifth  Ann.  Rep.  Geol.  Survey  N.  Y.,  1^41,  p. ; 
Rhynchonella  Bemiplicata  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1 

65,  figs.  1,2;— Pal.  New  York,  III,  1859,  p.  224,  pi.  29,  &g.  1. 
Loe.  Schoharie  and  Carlisle,  New  York. 

Rhynchonella  septata  Hall.  Oriskany  (] 

Rhynchonella  septata  Hall,  Pal.  New  York,  III,  1859,  p.  443,  pi.  103,  fig.  2. 
Lac.  Albany  County,  New  York. 

Rhynchonella  sordida  Hall.  Trenton  (< 

Atrypa  sordida  Hall,  Pal.  New  York,  I,  1847,  p.  148,  pi.  33,  fig.  16. 
Rhynchonella  sordida  HaU,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1859 
Loo»  Not  given. 

Rbyncbonella  speciosa  Hall=Camarot<Bcbia  speciosa. 
Bbyncbonella  stepbani  Hall=Cainarot€Bcbia  stepbaui. 

Rhynchonella  (1)  striata  Simpson.  Waverly  (L.  C 

Rhynchonella  striata  Simpson,  Trans.  American  Phil.  Soc,  n.  ser.,  XVI,  1 

444,  fig.  10. 
Loc.  Near  Warren,  Pennsylvania. 
Ohs.  Compare  with  Camarophoria  ringens  and  C.  caput-testndinis. 

Ebyncbonella  striatocostataMeek  and  Wortben=:Pngnax  striatico 
Bbyncbonella  stricklandi  Sowerby=nnciualus  stricklandi. 

Rhynchonella  Bubacnminata  Webster.  Cbemung  (] 

Rbyncbonella  subaouminata  Webster,  American  Naturalist,  XXII,  1888,  p 
Loc.  Near  Rockford,  Iowa. 

Rhynchonella  BubcirenlariB  A.  Wincbell.  Marshall  (L.  C 

Rbyncbonella  subcircularis  A.  Wincbell,  Proc.  Acad.  Nat.   Sci.  Philad< 

1862,  p.  408. 
Loc.  Port  aux  Barques,  Michigan. 

Bbyncbonella  snbcuneata  Hall=Camaropboria  snbcnneata. 

Rhynchonella  snbtetr»dra  (Conrad).  1  Cretac 

Terebratula  subtetriedra  Conrad,  U.  S.  Astronomical  Exped.  Southern 

sphere,  1855,  p.  282,  pi.  42,  fig.  8. 
Loc.  Portezuelo  de  Manplas  and  Cordillera  de  Dona  Ana  at  an  altitude  of 

feet  above  the  ocean. 

Rbyncbonella    snbtrigona  Meek    and  Wortben= Camarophoria 
trigona. 

Rhynchonella  snbtrigonalis  HalL  Trenton  (( 

Atrypa  subtrigonalis  Hall,  Pal.  New  York,  I,  1847,  p.  145,  pi,  33,  fig.  12. 
Rhynchonella  subtrigonalis  Hall,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat. 

1859,  p.  66. 
Loc.  Turin,  New  York. 
Obi.  Compare  with  Rhynchotrema  inseq^ivalve. 
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KhyndhoneUa  raldplioata  Hall.  Lower  Helderberg  (Dev.). 

Bhynchonella  anlcoplioata  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857, 

p.  76.--Pal.  New  York,  III,  1859,  p.  236,  pi.  35,  fig.  1. 
Xoc.  Albany  Connty,  New  York. 

ShynchonellA  tayloriana  (Lea).  f  Jurassic. 

Terebratala  tayloriana  Lea,  Trans.  American  Phil.  Soo.,  n.  ser.,  VII,  1841,  p.  259, 

pi.  10,  fig.  12. 
Loo.  Habana,  Cnba. 

Bhynchonella  tennesseensis  Hall  (non  Boemer)=UnciDuIu8  stricklandi. 

Bhynehonella  tennesieeiudB  Boemer.  Niagara  (SiL). 

Rhynohonella  tenueBseensis  Roemer,  Die  Sil.  Faana  dee  West.  Tenneesee,  1860, 
p.  72,  pi.  5,  fig.  14.— Hall  and  Whitfield,  Twenty-seventh  Rep.  N.  Y.  State 
Cab.  Nat.  Plst.,  1875,  pi.  9,  figs.  24-26  ;~Pal.  Ohio,  II,  1875,  p.  136,  pi.  7,  figs. 
16, 17. 

Loe,  Perry  Connty,  Tenneaeee;  Loaisville,  Kentucky;  Yellow  Springs,  Ohio. 

Bhynehonella  tethys  Billings^Gainarotcechia  tethys. 

Bhynehonella  tetrodra  (Sowerby).  Liaesie. 

Terebratnla  tetrsedra  Sowerby,  Mineral  Conchology,  1, 1812,  p.  191,  pi.  83,  fig.  5.— 

Bayle  and  Coqnand,  M^m.  Soc.  G^ol.  France,  ser.  ii,  IV,  1851,  p.  17,  pi.  7, 

figs.  9-10. 
Rhynchonella  tetrsedra  Davidson,  British  Oolitic  and  Liassic  Brach.,  Pal.  Soc, 

1852,  p.  93,  pi.  18,  figs.  5-10. — Behrendsen,  Zeit.  der  Deaschen  geol.  Gessel., 

XLIII,  1891,  p.  396.— M5rioke,  Neues  Jahrb.  f.  Mineral.,  Beilageband,  IX, 

1894,  p.  63. 
Loc,  £nrope;  Porteznelo  Anoho,  Argentine  Republic;  Manflas,  Las  Amolanas, 

etc.,  Chile. 

Bhynehonella  (!)  tetraptyx  A.  Winchell.  Einderhook  (L.  Garb.). 

Rhynchonella  f  tetraptyx  A.  Winchell,  Proo.  Acad.  Nat.  Sci.  Philadelphia,  1865, 

p.  120. 
Loe,  Rockford,  Indiana. 

Bhynehonella  tenuifltriata  Nettelrotb.  Gorniferoas  (Dev.). 

Rhynchonella  tennistriata  Nettelroth,  Kentncky  Fossil  Shells,  Mem.  Kentucky 

Geol.  Survey,  1889,  p.  82,  pi.  7,  figs.  27-29. 
Loe.  Falls  of  Ohio. 

Bhynehonella  tezana  Shnmard.  Upper  Garboniferous. 

Rhynchonella  texana  Shumard,  Trans.  St.  Louis  Acad.  Sci.,  I,  1859,  p.  393. 
Loe.  Mouth  of  Delaware  Creek,  Texas. 

Bhynehonella  thalia  Billing8=GamarotGBchia  billingsi. 
Bhynehonella  thera  Waleott=Gamarophoria  thera. 

Bhynehonella  transversa  Hall.  Lower  Helderberg  (Dev.). 

RhynohoneUa  transversa  Hall, Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist,  1857,  p.  74, 

figs.  5,  6;— Pal.  New  York,  lU,  1859,  p.  234,  pi.  34,  figs.  9-16. 
Loe.  Albany  County,  New  York. 

Bhynehonella  triplicata  Quenstedt.  Jorassic. 

Rhynchonella  triplicata  (Quenst.)  Moricke,  Neues  Jahrb.  f.  Mineral.,  Beilage- 
band, IX,  1894,  p.  63. 
Loe.  Europe;  Qnebrada  de  la  Iglesia,  etc.,  Chile. 
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Bhynchonella  tnta  Miller.  Burlington  (L.  Garb.). 

Bhynohonella  tata  Miller,  Jour.  Cinoinnati  Soo.  Nat.  Hiat.,  IV,  1881,  p.  315,  pL  7. 

fig.  11. 
Loe,  Lake  Valley  mining  diBtriot,  New  Mexioo. 

Bhyndumella  nnioa  A.  Winchell.  Kinderhook  (L.  Garb.). 

Rhynchonella  nnioa  A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  3865,  p.  122. 
Loo.  Burlington,  Iowa. 

Bhynchonella  unisulcata  Hall=Pentagonia  unisolcata. 
Bhynchonella  Utah  of  authors=Pugnax  utah. 
Bhynchonella  yellicata  Hall=IJncinulus  vellicatus. 
Bhynchonella  ventricosa  Hall=Gainarot(Bchia  ventricosa. 
Bhynchonella  venustula  Hall=Hypothyri8  cuboidee. 

Bhyndumella  yidna  Billings.  Anticosti  (SiL). 

Bhynchonella  vioina  Billings,  Catalogue  Sil.  Foss.  Anticosti,  1866,  p.  44. 
Loo.  Anticosti. 

Bhyndionella  (!)  warrenenns  Swallow.  Lower  Devonian. 

Bhynchonella  warrenensis  Swallow,  Trans.  St.  Louis  Acad.  Soi.,  1, 1860,  p.  653. 
Loe,  Callaway  County,  Missouri. 

Bhynchonella  wasatchensis  V7hite=Seininula  wasatchensis. 
Bhynchonella  whitiana  Miller=Gamarotoechia  whitei. 
Bhynchonella  whitii  Hall  (non  Winchell)=Gamarot<Bchia  whitei. 

Bhynohonella  whitei  A.  WincheU.  Marshall  (L.  Garb.). 

BhynchoneUa  whitei  A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1862,  p.  407. 
Loe,  Marshall,  Michigan. 

Bhyndionella  whitneyi  Oabb.  Oretaceous  (Shasta). 

Terehratella  whitneyi  Oabb,  Oeol.  Survey  California,  Pal.,  II,  1869,  p.  35,  pi.  ^ 

fig.  62. 
Bhynchonella  whitneyi  Gabb,  Ibidem,  1869,  p.  204,  pi.  34,  fig.  105.— Stanton, 

Bull.  U.  S.  Geol.  Survey,  133,  1896,  p.  32,  pi.  1,  figs.  5-10. 
Loe,  Napa  and  Colusa  counties,  California. 

Bhyndionella  wilmingtonenfiB  (Lyell  and  Sowerby).  Eocene. 

Terebratula  wilmingtonensis  LyeU  and  Sowerby,  Quart.  Jour.  Geol.  Soc.  Loudon, 

1, 1845,  p.  431. 
Bhynchonella  wilmingtonensis  Conrad,  Amerioan  Jour.  Conch.,  1, 1865,  p.  35. 
Loe.  Wilmington,  North  Carolina. 

Bhynchonella  wileoni  Sowerby=Wil8onia  wilsoni. 
Bhynchonella  wortheni  Hall=Oamarophoria  wortheni. 
BHTVCHOFOBA  King.    Genotype  Terebratula  geinitziana  de  V emenlL 

Bhynchopora  King,  Ann.  Mag.  Nat.  Hist.,  2d  ser.,  XVII,  1856,  p.  506.— HaU  and 
Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  210  j— Thirteenth  Ann.  Bep. 
N.  Y.  State  Geologist,  1895,  p.  832. 

Bhynchoporina  (Ehlert,  Fischer's  Manuel  de  Conchyliologie,  1887,  p.  1306. 

Bhynchopora  partalota  (White).  Kinderhook  (L.  Garb.). 

Bhynohonella  pustulosa  White,  Jour.  Boston  Soc.  Nat.  Hist.,  VIII,  1860,  p.  226.— 

Hall  and  Whitfield,  King's  U.  S.  Geol.  Expl.  40th  Pari.,  IV,  1877,  p.  257,  pi.  4, 

figs.  12-14. 
Bhynchopora  pustulosa  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p. 

210,  pi.  58,  figs.  1-4. 
Loe.  Burlington,   Iowa;  Wasatch  Bange,  Utah;  Lake  Valley  mining  district^ 

New  Mexico  (Miller). 
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SHTVCHOSPIBA  HaU.  Genotype  Waldheimia  fonnosa  Hall. 

Rhynchoepira  HaU,  Twelfth  Rep.  N.  T.  State  Cab.  Nat.  Hist.,  1859,  p.  29;— Pal. 
New  York,  III,  1859,  pp.  213, 484 ;— Sixteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hiat., 
1883,  p.  58,  figs.  12-17;— Pal.  New  York,  IV,  1867,  p.  278.— HaU  and  Clarke, 
Ibidem,  VIII,  Pt.  II,  1893,  p.  108,  fig.  101 ;— Thirteenth  Ann.  Rep.  N.  Y.  State 
Geologist,  1895,  p.  791. 

Retzia  Billings,  Canadian  Journal,  YI,  1861,  p.  147. 

Bhynehospira  (!)  aoaduB  (Hall).  Arisaig  (Sil.). 

Trematospira  aoadise  Hall,  Canadian  Nat.  Geol.,  Y,  1860,  p.  146,  fig.  4.— Dawson, 

Acadian  Geology,  3d  ed.,  1878,  p.  597. 
Loc.  Nova  Scotia. 

Bhynchospira  aprinis  Hall=Hom(B08pira  apriniformis. 

Bhynchoqpira  (!)  aihlandensiB  Herrick.  Waverly  (L.  Garb.). 

Rhynchoepira  f  aehlandensis  Herrick,  Ball.  Denison  Univ.,  IV,  1888,  p.  25,  pi.  3, 
fig.  16;-Geol.  Ohio,  VII,  1895,  pi.  23,  fig.  16. 

Loc.  Lyon  Falls,  Ohio. 
Bhynchospira  eleotra  (Billings).  Lower  Helderberg  (Dev.). 

Retzia  electra  BiUings,  Proo.  Portland  Soc.  Nat.  Hist.,  1863,  p.  114,  pi.  3,  fig.  11. 
Rhynchospira  electra  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  11, 1893,  p.  Ill, 

pL  50,  figs.  29-31. 
Loc,  Sqnare  Lake,  Maine. 

Bbynchospira  eqairadiata  HallsCamarotoBcbia  seqniradiata. 

Bbynchoqpira  (!)  eugenia  (Billings).  Oorniferous  (Dev.). 

Retzia  engenia  Billings,  Canadian  Jour.,  YI,  1863,  p.  147,  fig.  58; — Geol.  Canada, 

1863,  p.  373,  fig.  395. 
Rhynchospira  ( f)  engenia  HaU  and  Clarke,  PaL  New  York,  VIII,  Pt.  II,  1893, 

p.  Ill,  pi.  50,  figs.  41-43. 
Loc.  Walpole,  Ontario. 

Shynchospira  evax  Hall=HomcBospira  evax. 

Bhynchofpira  formosa  Hall.  Lower  Helderberg  (Dev.). 

Waldheimia  formosa  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  88. 
Trematospira  (Rhynchospira)  formosa  Hall,  Pal.  New  York,  III,  1859,  p.  215,  pi. 

36,  fig.  2;  pi.  95A,  figs.  7-11. 
Rhynchospira  formosa  Hall,  Pal.  New  York,  IV,  1867,  p.  278,  figs.  1-6.— Hall  and 

Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  109,  fig.  101,  pi.  50,  figs.  21-25, 
Retzia  formosa  MiUer,  N.  American  Geol.  Pal.,  1889,  p.  366.— Whitfield,  Annals 

N.  Y.  Acad.  Sci.,  V,  1891,  p.  512,  pi.  5,  figs.  15,  16;— Geol.  Ohio,  VII,  1895,  p. 

413,  pi.  1,  figs.  15-16. 
Loc.  Helderberg  Mountains,  New  York;  Square  Lake,  Maine;  Greenfield,  Ohio. 

Bhynchospira  globoia  Hall.  Lower  Helderberg  (Dev.). 

Waldheimia  globosa  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  87. 
Trematospira  (Rhynchospira)  globosa  Hall,  Pal.  New  York,  III,  1859,  p.  215,  pi. 

36,  fig.  1. 
Rhynchoepira  globosa  Hall  and  Clarke,  Ibidem,  VIII,  Pt.  II,  1893,  p.  111. 
Loc.  Helderberg  Mountains,  New  York. 

Bhynchospira  (!)  helena  (Nettelroth).  Niagara  (Sil.). 

Trematospira  helena  Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol. 

Survey,  1889,  p.  137,  pi.  32,  figs.  40-43. 
Loc.  LouisTille,  Kentucky. 

Bhynchospira  lepida  Ha11=Trigeria  lepida. 
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Ehyiicliospira  nobilis  Hall=Cyclorhina  nobilis. 

Ehynchospira  rectiroBtris  Hall.  Oriskany  (1 

Waldheimia  rectirostra  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857 
Trematospira  (Rhynchospira)  rectirostra  Hall,  Pal.  New  York,  III,  1859, 

pi.  95A,  fig.  1,  and  p.  485. 
Rhynchospira  rectirostra  Hall  and  Clarke,  Ibidem,  VIH,  Pt.  II,  1893,  p.  1 
Loc,  Cumberland,  Maryland. 

Rhynchospira  Bcansa  Hall  and  Clarke.  Waverly  (L.  C 

Rhynchospira  scansa  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895, 

fig.  45. 
Loo.  McKean  Comity,  Pennsylvania. 

Rhynchospira  (?)  sinnata  Hall.  Arisaig 

Rhynchospira  sinuata  Hall,  Canadian  Nat.  GeoL,  V,  1860,  p.  146.— Dj 

Acadian  Geology,  3d  ed.,  1878,  p.  597. 
Retzia  sinuata  Miller,  N.  American  Geol.  Pal.,  1889,  p.  367. 
Loc,  Arisaig,  Nova  Scotia. 

Rhynchospira  subglobosa  Hall=Retzia  subglobosa. 

RHTHCHOTREMA  Hall.  Genotype  Bhynchonella  capax  Cc 

Rhynchotrema  Hall,  Thirteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1860, 
figs.  12-14.— -Waagen,  Palseontologica  Indica,  Ser.  XIII,  I,  1883,  p. 
Winchell  and  Schnchert,  Minnesota  Geol.  Survey,  III,  1893,  p.  468. 
and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  182;— Thirteenth  Am 
N.  Y.  State  Geologist,  1895,  p.  825. 

Rhynchotrema  ainsliei  F.  H.  Winchell.  Trenton  {i 

Rhynchonella  ainsliei  N.  H.  Winchell,  Fourteenth  Ann.  Rep.  Geol.  Nat, 

Survey  Minnesota,  1886,  p.  315,*pl.  2,  figs.  5,  6. 
Rhynchotrema  ainsliei  Winchell  and  Schuchert,  Minnesota  Geol.  Survc 

1893,  p.  459,  pi.  34,  figs.  1-8. 
Loc.  Minneapolis,  St.  Paul,  etc.,  Minnesota;  Decorah,  Iowa. 

Rhynchotrema  oapaz  (Conrad).  Lorraine  (< 

Atrypa  capaz  Conrad,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  YIII,  1842,  p.  264, 
fig.  21. 

Atrypa  increbescens  (partim)  Hall,  Pal.  New  York,  1, 1847,  p.  146,  pi.  3; 
13i,  13k-13y.— Billings,  Canadian  Nat.  Geol.,  1, 1856,  p.  207,  figs.  15, 16.- 
Thirteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1860,  p.  66.  figs.  6, 7, 9-11. 

Rhynchonella  increbescens  (partim)  Hall,  Geol.  Wisconsin,  1, 1862,  p.  1 
11,  fiff.  2. 

Rhynchonella  capax  Billings,  Geol.  Canada,  1863,  p.  211,  fig.  213.— Mee! 
Ohio,  1, 1873,  p.  123,  pi.  11,  fig.  2.— Miller,  Cincinnati  Quart.  Jour.  8 
1875,  p.  17. — White,  Second  Ann.  Rep.  Indiana  Bureau  of  Statistic 
GeoL,  1880,  p.  489,  pi.  1,  figs.  9-11;— Tenth  Rep.  State  Geol.  Indians 
p.  121,  pi.  1,  figs.  9-11.— Whitfield,  Geol.  Wisconsin,  IV,  1882,  p.  263, 
figs.  26, 27.— Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  99,  pi.  41,  ^g.  1 

Rhynchotrema  capax  Winchell  and  Schuchert,  Minnesota  Geol.  Surve 
1893,  p.  462,  pi.  34,  figs.  30-34.— HaU  and  Clarke,  Pal.  New  York,  VI 
II,  1893,  pp.  183, 185,  pi.  56,  figs.  14-18, 20-27;  pi.  83,  fig.  31.— Whiteavc 
Foss.,  Ill,  Pt.  Ill,  1897,  p.  178. 

Loc.  Richmond,  Indiana;  Oxford,  etc.,  Ohio;  Wilmington,  Illinois; 
Girardeau,  Missouri;  Stockbridge,  Ironridge,  etc.,  Wisconsin;  La 
Iowa;  Spring  Valley,  Minnesota;  Anticosti;  Lake  Winnipeg,  Max 
Fort  Churchill,  Hudson  Bay. 
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Khynchotrema  dentatnm  Hall.  GPrenton  and  Lorraine  (Ord.). 

Atiypa  denUta  HaU,  Pal.  New  York,  1, 1847,  p.  148,  pi.  33,  fig.  14. 
Rhynchonella  dentata  Hall,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1859,  p. 

65.— Meek,  Pal.  Ohio,  I,  1873,  p.  121,  pi.  11,  fifl;.  3.— Miller,  Cincinnati  Quart. 

Jonr.  Sci.,  II,  1875,  p.  18. — White,  Second  Ann.  Rep.  Indiana  Bnreau  of 

Statistics  and  GeoL,  1880,  p.  490,  pi.  1,  figs.  12-14;— Tenth  Rep.  State  Geol. 

Indiana,  1881,  p.  122,  pi.  1,  figs.  12-14. 
Rhynchotrema  dentata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  185. 
tRhynohonella  dentata  Keyes,  Geol.  Snrvey  Missouri,  Y,  1895,  p.  100,  pi.  41,  fig.  3. 
Loe.  Turin,  New  York;  Dayton  and  Oxford,  Ohio;  Richmond,  Indiana;  near 

Nashville,  Tennessee. 

Rhynchotrema  formosum  (Hall).  Lower  Helderberg  (Dev.). 

Rhynchonelia  formosa  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  76, 
figs.  1-5;— Pal.  New  York,  III,  1859,  p.  236,  pi.  35,  fig.  6. 

Stenocisma  formosa  Hall,  Pal.  New  York,  IV,  1867,  p.  334.— Hall  and  Clarke, 
Ibidem,  VIII,  Pt.  II,  1893,  p.  187,  pi.  66,  figs.  41-45. 

Loc,  Schoharie  and  Albany  counties,  New  York ;  Lake  Temiscouata,  New  Bruns- 
wick, and  Arisaig,  Nova  Scotia  (Ami). 

Khynchotrema  insBqniYalve  (Castelnan).  Trenton  (Ord.). 

Spirifer  insBquivalvis  Castelnau,  Essai  Syst^me  SU.  PAm^rique  Septentrionale, 

1843,  p.  40,  pi.  14,  fig.  8. 
Atrypa  inorebescens  (partim)  Hall,  Pal.  New  York,  I,  1847,  pp.  146,  289,  pi.  33, 

figs.  13ar-13h;  tpl.  79,  fig.  6. 
Rhynchonella  inorebescens  (partim)  Billings,  Canadian  Nat.  Qeol.,  1, 1856,  p. 

207,  figs.  11-14.— HaU,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1859,  p. 

66.— BiUings,  Oeol.  Canada,  1863,  p.  168,  fig.  153.— Nettelroth,  Kentucky 

Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  83,  pi.  34,  figs.  26-29. 
Rhynchonella  argenturbica  White,   Wheeler's  Ezpl.   and  Survey  west  100th 

Mend.,  IV,  Pfel.  Rep.,  1874,  p.  14;— Ibidem,  Final  Rep.,  1875,  p.  75,  pi.  4, 

fig.  12. 
Trematosplra  (f)  qnadriplicata  Miller,  Cincinnati  Quart.  Jour.  Sci.,  II,  1875,  p. 

60,  figs.  6,  7. 
Rhynchotreta  quadriplicata  Miller,  N.  American  G^ol.  Pal.,  1889,  p.  370. 
Rhynchonella  minnesotensis  Sardeson,  Bull.  Minnesota  Acad  Nat.  Sci.,  Ill,  1892, 

p.  333,  pi.  4,  figs.  21-23. 
Rhynchotrema  insequivalvis  Winchell  and  Schnchert,  Minnesota  Geol.  Snrvey, 

III,  1893,  p.  459,  pi,  34,  figs.  9-25.— Whiteaves,  Pal.  Foss.,  Ill,  Pt.  Ill,  1897, 

p.  179. 
Rhynchotrema  increbescens  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893, 

pp.  183, 185. 
Loc.  Drummonds  Island  (Castelnan);  New  York;  Kentucky;  Tennessee;  Illi- 
nois; Wisconsin;    Iowa;   Minnesota;    Silver  City,  New  Mexico;  Ottawa, 

Canada;  Lake  Winnipeg,  Manitoba. 
Ohn,  Compare  Rhynchonella  subtrigonalis. 

Khynchotrema  infleqnivalve  laticostatnm  Win.  and  Schuch.   Trenton  (Ord.). 

Rhynchotrema  insequivalvis  var.  laticostata  W.  and  S.,  American  Geol.,  IX, 
April  1, 1892,  p.  293;— Minnesota  Geol.  Survey,  III,  1893,  p.  461,  pi.  34,  figs. 
26-29. 

Rhynchonella  sancta  Sardeson,  Bull.  Minnesota  Acad.  Nat.  Sci.,  Ill,  April  9, 
1892,  p.  333,  pi.  4,  figs.  19, 20. 

Loc,  Cannon  Falls,  Minnesota. 

Shynchotrema  ottawaense  (Billings).  Trenton  (Ord.). 

Porambonitest  ottawaensis  BiUings,  Pal.  Fossils,  1, 1862,  p.  140,  fig.  117. 

Bull.  87 24  r-^^^T^ 
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Ehynchotrema  ottawaense  (Billings)— Continued. 

Protorhynohat  and  Orthorbynchnlaf  ottawaensis  Hall  and  Clarke,  Pal. 

York,  VIII,  Pt.  II,  1893,  pp.  181, 228. 
Loc.  Pauquette  Rapids,  Canada;  near  Murfreesboro,  Tennessee. 

Ehynohotrema  perlamellosnm  (Whitfield).  Lorraine  (O 

Rhynchonella  perlamellosa  Whitfield,  Ann.  Rep.  Oeol.  Survey  Wisconsin, 
p.  73.— James,  The  Palaeontologist,  2,  1878,  p.  15.— W^hitfield,  Geol.  Wi 
sin,  IV,  1882,  p.  265,  pi.  12,  figs.  23-25. 

Loc,  Delafield  and  Iron  Ridge,  Wisconsin;  Oxford,  Ohio. 

EHTHCHOTEETA  Hall.  Genotype  Ehynchonella  cnneata  Dali 

Rhynchotreta  Hall,  Twenty-eighth  Rep.  N.  Y.  State  Mub.  Nat.  Hist.,  1879,  p 
figs.  1-4;— Eleventh  Rep.  State  Geol.  Indiana,  1882,  p.  309.— Nettelroth, 
tucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  84. — Hal 
Clarke,  Pal.  New  York,  VIU,  Pt.  II,  1893,  p.  185;— Thirteenth  Ann.  Rep. 
State  Geologist,  1895,  p.  825. 

Ehynchotreta  cnneata  amerioana  Hall.  Niagara  (I 

Atrypa  cuneata  Hall  (non  Dalman),  Geol.  N.  Y. ;  Rep.  Fourth  Dist.,  1843,  ' 
of  Organic  Remains,  13,  figs.  3,  4;— Pal.  New  York,  II,  1852,  p.  276,  j 
fig.  4.— Billings,  Canadian  Nat.  Geol.,  I,  1856,  p.  138,  pi.  2,  fig.  13. 

Rhynchonella  cuneata  Hall,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hist., 
p.  77.— Billings,  Geol.  Canada,  1863,  p.  315,  fig.  323. 

Rhynchotreta  cuneata  var.  americana  Hall,  Twenty-eighth  Rep.  N.  Y. 
Mus.  Nat.  Hist.,  1879,  p.  167,  pi.  25,  figs.  29-38;— Eleventh  Rep.  State 
Indiana,  1882,  p.  310,  pi.  25,  figs.  29-38.— Nettelroth,  Kentucky  Fossil  8 
Mem.  Kentucky  Geol.  Survey,  1889,  p.  85,  pi.  32,  figs.  58, 59,  63, 63.— B© 
and  Clarke,  Mem.  N.  Y.  State  Mas.,  I,  1889,  p.  47,  pi.  4.  figs.  12-22.- 
and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  187,  pi.  56,  figs.  31-38 

Loc,  Lockport,  etc..  New  York;  Hamilton,  Ontario;  Waldron  and  Osj 
Indiana;  Louisville,  Kentucky;  Milwaukee,  Wisconsin. 

Eliynobolns  nall=Bhinobolas. 

ECEMEEELLA  Hall  and  Clarke.       Genotype  Orbicula  grandis  Va 

RcemereUa  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  137,  fig. 
Eleventh  Ann.  Rep.  N.  Y.  State  Geologist,  1894,  p.  257. 

EcBmerella  grandis  (Yanaxem).  Hamilton  (D 

Orbicula  grandis  Vanuxem,  Geol.  N.  Y. ;  Rep.  Third  Dist.,  1842,  p.  152,  fig. 
Discina  grandis  Hall,  Pal.  New  York,  IV,  1867,  p.  17,  pi.  1,  fig.  18;  pL  2, 

32,  33.— Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Su 

1889,  p.  33,  pi.  3,  fig.  3. 
Discina  (Orbiculoideat)  grandis  Hall  and  Whitfield,  Twenty-fourth  Rep. 

State  Cab.  Nat.  Hist.,  1872,  p.  187 ;— Twenty-seventh  Rep.  Ibidem,  187 

9,  figs.  33-35. 
RcemereUa  grandis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  13* 

65,  pi.  4E,  figs.  29-31. 
Loo.  Oazenovia  and  Pratts  Falls,  New  York;  Columbus,  Ohio;  Falls  of  Oh 

EOMDTGEEIVA  Hall  and  CI.    Genot3rpe  Centronella  jalia  A.  Wine 

Romingerina  Hall  and  Clarke,  Pal.  New  Y^ork,  VIII,  Pt.  II,  1893,  p.  272;—' 
teenth  Ann.  Rep.  N.  Y.  State  Geologist,  1895,  p.  855. 

Eomingeiina  jnlia  (A.  Winchell).  Waverly  (L.  Ca 

Centronella  Julia  A.  Winchell,  Proc.Acad.  Nat.  Sci.  Philadelphia,  1862,  p.4( 
Ibidem,  1865,  p.  123.— Hall,  Pal.  New  York,  IV,  1867,  p.  419,  pi.  61A, 
41-46.— Herrick,  Bull.  Denison  Univ.,  Ill,  1888,  p.  49,  pi.  2,  i^g,  5. 
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Bomingeriiia  julia  (A.  Winchell) — Gontinued. 

Bomingerina  jaUa  HaU  and  Clarke,  Pal.  New  York,  YIII,  Ft.  II,  1893,  p.  271, 

figs.  187,  188,  pi.  79,  figs.  28-30. 
Loc,  Port  Aux  Barques,  Michigan;  Cuyahoga  and  Licking  counties,  Ohio,     fin 
the  Chemung  at  Rushford,  New  York  (Williams). 

BGAPmOCffiLIA  Whitfield.  Genotype  S.  boliviaensis  Whitfield. 

SoaphioccBlia  Whitfield,  Trans.  American  Inst.  Min.  Engi.,  XIX,  1891,  p.  106.— 
HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  275 ;— Thirteenth 
Ann.  Rep.  N.  Y.  State  Geologist,  1895,  p.  857. 

SeaphioeoBlia  boliyiaeniis  Whitfield.  Middle  Devonian. 

Scaphiocoelia  boliviensis  Whitfield,  Trans.  American  Inst.  Min.  Engi.,  XIX,  1891, 

p.  106,  figs.  1-4.— HaU  and  Clarke,  Pal.  New  York,  VIH,  Pt.  II,  1893,  p.  276, 

figs.  19a-196. 
Loc.  Sercre  or  Quechista,  Bolivia. 

SCEHIDIUM  HaU.  Genotype  Orthis  insignis  Hall. 

Skenidium  HaU,  Thirteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1860,  p.  70,  figs. 

1-5.— Waagen,  Palteontologica  Indica,  Ser.  XIII,  I,  1884,  p.  549. 
Soenidium  CEhlert,  Bull.  Societe  d'Etudes  Scientifiques  d'Angers,  1887,  p.  4, 

extract.— HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.241.— WincheU 

and  Sohuchert,  Minnesota  Geol.  Survey,  III,  1893,  p.  381. — Hall  and  Clarke, 

Eleventh  Ann.  Rep.  N.  Y.  State  Geologist,  1894,  p.  276. 

Scenidinm  anthonense  Sardeson.  Trenton  (Ord.). 

Skenidium  haUi  Safford,  Geol.  Tennessee,  1869,  p.  287  (undefined). 

Skenidium  anthonensis  Sardeson,  Bull.  Minnesota  Acad.  Nat.  Sci.,  Ill,  1892,  p.  333, 
pl.  4,  fig.  7. 

Soenidium  halU  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  242,  pl.  7A, 
figs.  3^-39. 

Soenidium  anthonensis  WincheU  and  Schuchert,  Minnesota  Geol.  Survey,  III, 
1893,  p.  381,  figs.  20-23. 

Loo.  MinneapoUs,  St.  Paul,  and  Cannon  Falls,  Minnesota;  Dixon,  lUinois;  Leb- 
anon, Tennessee. 

Scenidinm  devouicnm  Walcott=Dalinanella  devonica. 

Scenidinm  halli  Safford=:S.  anthonense. 

Soenidium  insigne  Hall.  Lower  Helderberg  (Dev.). 

Orthis  insignis  HaU,  Pal.  New  York,  III,  1859,  p.  173. 

Skenidium  (Orthis)  insignis  HaU,  Ibidem,  1859,  pl.  lOA,  figs.  13-15. 

Skenidium  insignis  HaU,  Thirteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1860,  p. 

70,  figs.  1-5;— Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  p.  37,  figs.  31-35. 
Scenidinm  insigne  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1. 1892,  p.  242,  pl. 

7,  figs.  31-35. 
Lac,  Helderberg  Mountains,  New  York ;  Perry  County,  Tennessee. 

Scenidinm  (?)  merope  (Billings).  Trenton  and  Lorraine  (Ord.). 

Orthis  merope  BiUings,  Pal.  Fossils,  I,  1862,  p.  139,  tig.  116. 

Scenidinm  t  merope  Hall  and  Clarke,  Pal.  New  York,  VHI,  Pt.  I,  1892,  p.  242, 

pl.  7A,  figs.  31, 32. 
Loo.  Ottawa,  Canada;  Cincinnati,  Ohio;  Burgin,  Kentucky. 

Soenidium  pyramidale  Hall.  Niagara  (Sil.). 

Orthis  pyramidalis  HaU,  Pal.  New  York,  II,  1852.  p.  251,  pl.  52,  fig.  2. 
Skenidium  pyramidalis  HaU,   Thirteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist., 

1860,  p.  70. 
Skenidium  pyramidata  HaU,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pl.  37, 

figs.  29, 30, 
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Scenidiaiii  pyramidale  Hall — Continued. 

Scenidium  pyramidale  Hall  and  Clarke,  Pal.  New  York,  YIII,  Pt.  1, 1892,  p. 

pi.  7,  figs.  29, 30;  pi.  7A,  figs.  40-42. 
Lor.  Lockport,  New  York;  Arisaig,  Nova  Scotia  (Ami). 

SCHIZAMBOH  Walcott.  Genotype  S.  typicalis  Walo 

Stbizambon  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  69.— Hall 
Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  113, 167.— WincheU  and  S< 
chert,  Minnesota  Geol.  Survey,  III,  1893,  p.  360.— Hall  and  Clarke,  Elevc 
Ann.  Rep.  N.  Y.  State  Geologist,  1894,  p.  253. 
Sc-liizambonia  CEhlert,  Fischer's  Manuel  de  Conchy liologie,  1887,  p.  1266. 

SchizEinbon  (?)  dodgei  WincheU  and  Schuchert.  Trenton  (Or 

Srhii^ambon  (t)  dodgii  W.  and  S.,  Minnesota  Geol.  Snrvey,  III,  1893,  p. 

pl.  30,  figs.  5-7. 
L(n'.  Sandy  hill.  New  York. 

Bchizambon  (?)  fissus  canadaensis  (Ami).  Utica  (Oi 

Sil^konotreta  scotica  Whiteaves,  American  Jour.  Sci.,  3d  ser.,  XXIV,  1882 

278;— Canadian  Nat.  Geol.,  X,  1883,  p.  396. 
Bipbonotreta  scotica  var.  canadensis  Ami,  Ottawa  Naturalist,  I,  1887,  p.  124. 
Schkibmbon  ( t)  fissns  var.  canadensis  Hall  and  Clarke,  Pal.  New  York,  1/ 

Pt.  I,  1892,  p.  115,  pl.  4,  figs.  32-36. 
Lot\  Gloucester,  Ontario. 

Sduzambon  (?)  lockei  WincheU  and  Schuchert.  Lorraine  (Oi 

:^c1iis'.»mbon  (f)  lockii  WincheU  and  Schuchert,  Minnesota  Geol.  Sorvey, 

1893,  p.  362,  pl.  30,  figs.  8-10. 
Loe.  Cincinnati,  Ohio. 

Schizambon  typicalis  Walcott.  Fogonip  or  Calciferons  (Oi 

Schizambon  typicalis  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  70,  i 
fig.  3.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  114,  ^g. 
pl.  4,  figs.  27-30. 

!.oc.  Eureka  district,  Nevada;  Manitou,  Colorado. 

BCHIZOBOLUS  Ulrich. 

Genotype  Discina  truncata  Hall=Lingnlaconcentrica  Yanux' 
Schizobolus  Ulrich,  Cont.  American  Pal.,  I,  1886,  p.  25,  pl.  3,  fig.  3.— Hall 
Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  87,  165  j— Eleventh  Ann.  I 
N.  Y  State  Geologist,  1894,  p.  246. 

Schizobolus  conoentrions  (Vanuxem).  Genesee  (De 

Liiigula  concentrica  Vanuxem,  Geol.  N.  Y. ;  Rep.  Third  Dist.,  1842,  p.  168,  fig. 

HaU,  Geol.  N.  Y. ;  Rep.  Fourth  Dist.,  1843,  p.  223,  fig.  4. 
Disc  ina  truncata  Hall,  Sixteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1863,  p.  29 

Pal.  New  York,  IV,  1867,  p.  23,  pl.  1,  fig.  15 ;  pl.  2,  figs.  36, 37. 
DiBcina  (Trematis)  truncata  Hall  and  Whitfield,  Twenty-fourth  Rep.  N.  Y.  Si 

Cab.  Nat.  Hist.,  1872,  p.  187. 
Trematis  truncata  Hall,  Twenty-third  Rep.  Ibidem,  1873,  pl.  13,  fig.  20. 
Scbtzobolus  truncatus  Ulrich,  Cont.  American  Pal.,  1, 1886,  p.  25,  pl.  3,  fig.  i 

Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  87,  pl.  3,  figs.  11-14. 
Lo(^.  Ogdens  Ferry,  Cayuga  Lake,  etc.,  New  York;  Falls  of  Ohio;  Madi 

County,  Kentucky. 

SCHIZOCRAinA  Hall  and  Whitfield.    Genotype  Orbicnla  f  filosa  H 

Scbizocrania  HaU  and  Whitfield,  Pal.  Ohio,  II,  1875,  p.  71.— Hall  and  Clarke,  1 
New  York,  VIII,  Pt.  1, 1892,  pp.  142, 168.— WincheU  and  Schuchert,  Minnes 
Geol.  Survey,  III,  1893,  p.  369.— Hall  and  Clarke,  Eleventh  Ann.  Bep.  N 
State  Geologist,  1894,  p.  259. 
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Sclusoorania  filoaa  Hall.  Trenton-Lorraine  (Ord.). 

Orbicnlat  filosa  Hall,  Pal.  New  York,  1, 1847,  p.  99,  pL  30,  fig.  9. 

Tiematifl  filosa  BillingB,  Geol.  Canada,  1863,  p.  159,  fig.  126.— HaU,  Twenty-third 

Bep.  N.  Y.  State  Cab.  Nat.  Hist.,  1873,  pi.  13,  figs.  21, 22. 
Trematis  ( t)  filosa  Miller,  Cincinnati  Qnart.  Joar.  8ci.,  II,  1875,  p.  15. 
Schizocrania  filosa  Hall  and  Whitfield,  Pal.  Ohio,  II,  1875,  p.  73,  pi.  1,  figs. 

12-15.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  143,  pi.  4G, 

figs.  2^-30.— Winchell  and  Schnchert,  Minnesota  Geol.  Survey,  III,  1893,  p. 

370,  fig.  31;  pi.  29,  figs.  29-31. 
Loc.  MiddleviUe,  Utica,  etc..  New  York;   Ottawa,  Canada;  Cincinnati,  Ohio; 

Cannon  Falls  and  Minneapolis,  Minnesota. 

SehizDcrania  (?)  helderbergia  Hall.  Lower  Helderberg  (Dev.). 

Schizocrania  (t)  helderbergia  Hall  and  Clarke,  Pal.  New  York,  YIII,  Pt.  1, 1892, 

pp.  144,  179,  pi.  4G,  figs.  34,  35. 
Loc,  Near  Clarksville,  New  York. 

Sdhuocruiia  (I)  mdis  Hall.  Trenton  (Ord.). 

Trematis  rndis  Hall,  Twenty-third  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1873,  p.  243, 

pi.  13,  fig.  19. 
Schixocrania  (f)  rndis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  144, 

pi.  4G,  fig.  21. 
Loc,  Clifton,  Tennessee. 

Schizocrania  sohncherti  Hall  and  Clarke.  Trenton  (Ord.). 

Schizocrania  schncherti  Hall  and  Clarke,  Pal.  New  York,  YIII,  Pt.  I,  1892^  pp. 

143,  179,  pi.  4G,  figs.  31-33. 
Loc,  Covington,  Kentacky. 

Schizocrania  snpcrincreta  Barrett.  Lower  Helderberg  (Dev.). 

Trematis  (Sohizocrania)  superincreta  Barrett,  Annals  N.  Y.  Acad.  Sci.,  I,  1878, 

p.  122. 
Schizocrania  (f)  superincreta  Hall  and  Clarke,  Pal.  New  York,  YIII,  Pt.  1, 1892, 

p.  144. 
Loc,  Port  Jervis,  New  York. 

SCHIZOPHORIA  King.  Geuotyi)e  Orthis  resnpinata  (Martin). 

Schizophoria  King,  Mon.  Permian  Fossils,  Pal.  Soc,  1850,  p.  106.~Hall,  Bnll. 
Geol.  Soc.  America,  I,  1889,  p.  21.— Hall  and  Clarke,  Pal.  New  York,  VIII, 
Pt.  1, 1892,  p.  211;— Eleventh  Ann.  Rep.  N.  Y.  State  Geologist,  1894,  p.  272. 

Schizcphoria  oarinata  Hall.  Chemung  (Dev.). 

Orthis  oarinata  Hall,  Geol.  N.  Y.;  Rep.  Fourth  Dist.,  1843,  p.  267,  fig.  1;— Pal. 

New  York,  IV,  1867,  p.  58,  pi.  8,  figs.  30-32;— Second  Ann.  Rep.  N.  Y.  State 

Geol.,  1883,  pi.  36,  fig.  22. 
Schizophoria  oarinata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  pp.  213, 

226,  pi.  6,  fig.  22. 
Loo,  Painted  Post,  High  Point,  etc..  New  York. 

Schizophoiia  cora  (d'Orbigny).  Upper  Carboniferons. 

Orthis  cora  d'Orhigoy,  Voyage  dans  rAm^riqne  M^ridionale,  Pal.,  1842,  p.  48. 
Terehratula  cora  d'Orbigny,  Ibidem,  1842,  pi.  3,  figs.  21-23. 
Orthis  resnpinata  var.  latirostrata  Toula,  Sitzangsb.  der  k.  k.  Akad.  der  Wis- 

sensch.  zu  Wien,  LIX,  1869,  p.  8.  pi.  1,  fig.  7.— Derby,  Bull.  Cornell  Univ.,  I, 

1874,  p.  63. 
Loo,  Yarbichambi  and  Cochabamba,  Bolivia. 

Schizophoria  maofiurlani  (Meek).  Middle  and  Upper  Devonian. 

Orthis  macfiirlani  Meek,  Trans.  Chicago  Acad.  Sci.,  I,  1868,  p.  88,  pi.  12,  fig.  1.— 

Meek  and  Worthen,  Geol.  Survey  lUinois,  III,  1868,  p.  423,  pi.  13,  fig.  10.— 
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Behizophoria  macflEtrlani  (Meek) — Continned. 

Kayser,  Richthofen's  China,  IV,  1883,  p.  91,  pi.  13,  fig.  3.— Walcott,  Mon 

Geol.  Survey,  VIII,  1884,  p.  114. 
Sohizophoria  macfarlanii  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 189 

190,  212,  225,  pi.  6A,  figs.  28-32. 
Loc,  Independence,  Iowa;   Howard  and   High   Point,  New  York;   Macl 

River,  Canada;  Lower  Devonian,  Eureka  district,  Nevada;  Soatliwi 

China. 

Schkophoria  manitobaenflis  Wliiteaves.  Upper  Devo 

Orthis  (Sohizophoria)  manitobensis  Whiteaves,  Cont.  Canadian  Pal.,  I,  li 

283,  pi.  37,  figs.  3,4,5. 
Loo,  Lake  Winnipegosis,  Canada. 

Behizophoria  mnltistriata  Hall.  Lower  Helderberg  (I 

Orthis  mnltistriata  Hall,  Tenth  Rep.  N.Y.  State  Cab.  Nat.  Hist.,  1857,  p.  4i 

1, 2;— Pal.  New  York,  III,  1859,  p.  176,  pi.  15,  fig.  2. 
Sohizophoria  mnltistriata  Hall  and  Clarke,  Ibidem,  VIII,  Pt.  I,  1892,  p] 

226,pl.6A,  fig.  25. 
Loc.  Schoharie  and  Catskill,  New  York. 

Sohizophoria  (?)  pedimciilariB  Hall.  Lower  Helderberg  (L 

Orthis  pednnonlaris  Hall,  Pal.  New  York,  III,  1859,  p.  174,  pi.  13,  fig.  16. 
Sohizophoria  t  pedoitcnlaris  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I, 

p.  226. 
Loc,  Helderberg  Mountains,  New  York. 

Sohizophoria  propinqna  Hall.  Tipper  Helderberg  (I 

Orthis  propinqna  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  ] 
Pal.  New  York,  IV,  1867,  p.  43,  pi.  5,  fig.  3;— Second  Ann.  Rep.  N.  Y. 
Geol.,  1883,  pi.  36,  figs.  30, 31. 

Schizophoria  propinqna  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 189 
212,  226,  pi.  6,  fig.  30. 

Loc,  New  York;  Colambns,  Ohio. 

Sohizophoria  resnpinata  (Martin).  Carbonife 

Orthis  resupinata  Hall  and  Whitfield,  King's  U.  S.  Geol.  Ezpl.  40th  Pari 

1877,  p.  265,  pi.  5,  figs.  1,  2. 
Sohizophoria  resnpinata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  189 

194,213,226. 
Loo,  Oqnirrh  Mountains,  Utah ;  Lake  Valley  mining  district.  New  Mexico, 

Sohizophoria  resnpinoides  (Cox).  Upper  Carbonife] 

Orthis  resnpinoides  Cox,  Owen's  Geol.  Survey  Kentucky,  II,  1857,  p.  570, 

fig.  1.— Worthen,  Geol.  Survey  Illinois,  VIII,  1890,  p.  106,  pi.  11,  fig.  4. 
Orthis  resupinoidest  White,  Wheeler's  Expl.  and  Survey  west  lOOth  Meri 

Appendix,  1881,  p.  xxiii. 
Schizophoria  resnpinoides  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I, 

pp.  213,226. 
Schizophoria  cfr.  resnpinoides  Smith,  Proc.  American  Phil.  Soc,  XXXV, 

p.  28  (extract). 
Loo,  Hancock  County,  Kentucky;  Manuelitos  Creek,  New  Mexico;  tWhit 

Conway  counties,  Arkansas. 
Oh$.  Probably  identical  with  Schizophoria  resupinata. 

Sohizophoria  seneota  Hall  and  Clarke.  Olinton  (I 

Orthis  (Schizophoria)  senecta  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I, 

p.  343,  pi.  6A,  figs.  23,24. 
Loc.  Reynales  Basin,  Niagara  County,  New  York. 
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Bohusophoria  Btriatnla  (Schlotheim).  Middle  and  Upper  Devonian. 

Anomia  Terebratalites  atriatolna  Sohlotheim,  Min.  Tasohenbaoh,  VIII,  1813,  pL 
1,  fig.  6. 

Ortliis  Btriatula  Davidson,  Brit.  Devonian  Brach.,  Pal.  Soc.,  1865,  p.  87,  pi.  17, 
figB.4-7.— Wliiteaves  (nou  Schlotheim),  Cont.  Cana4ian  Pal.,  I,  1891,  pp. 
218,283. 

OrthiB  impressa  HaU,  Geol.  N.  Y.;  Rep.  Foarth  Dist.,  1843,  p.  267,  fig.  2;— Pai. 
New  York,  IV,  1867,  p.  60,  pi.  8,  figs.  11-19.— Whitfield,  Geol.  Wisconsin,  IV, 
1882,  p.  326,  pi.  25,  figs.  13-15.— Walcott,  Mon.  U.  8.  Geol.  Survey,  VIII,  1884, 
p.  115,  pi.  13,  fig.  13.— Kindle,  Bnll.  American  Pal.,  6, 1896,  p.  36. 

Orthis  lentiformisf  Owen  (non  Hall),  Geol.  Snrvey  Wisconsin,  Iowa,  Minnesota, 
1852,  pi.  3,  figs.  10, 10a,  young  specimen.  [See  specimens  in  U.  S.  Nat.  Mus., 
Cat.  Invert.  Foaii.,  17918.] 

Orthis  iowensis  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  488,  pi.  2,  fig.  4.— 
Billings,  Hind's  Rep.  Expl.  Assiniboine  and  Saskatcb.,  1859,  p.  187,  fig.  1.— 
Meek,  Trans.  Chicago  Acad.  Sci.,  1, 1868,  p.  90,  pi.  12,  fig.  2.— White,  Second 
Ann.  Rep.  Indiana  Bureau  of  Statistics  and  Geol.,  1880,  p.  501,  pi.  5,  figs. 
10-12;— Tenth  Rep.  State  Geol.  Indiana,  1881,  p.  133,  pi.  5,  figs.  10-12.— 
Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  62,  pi.  38,  fig.  6. 

Orthis  iowensis  var.  fumarius  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  489, 
pi.  2,  fig.  5.— Meek  and  Worthen,  Geol.  Survey  Illinois,  III,  1868,  p.  424,  pi. 
13,  fig.  9. 

f Orthis  iowensis  f  A.  Winchell,  Proo.  Acad.  Nat.  Sci.  PhUadelphia,  1862,  p.  410. 

Orthis  propiuqua  Nettelroth  (non  Hall),  Kentucky  Fossil  Shells,  Mem.  Ken- 
tucky Geol.  Survey,  1889,  p.  43,  pi.  16,  figs.  1-3,  7-11. 

Sohizophoria  iowensis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  pp.  212, 
226,  pi.  6A,  fig.  29. 

Schizophoria  impressa  Hall  and  Clarke,  Ibidem;  1892,  pp.  212,  216,  pi.  6,  fig.  31; 
pi.  6A,  figs.  26,  27. 

Loe,  New  York;  Falls  of  Ohio;  Hlinois;  Iowa;  Milwaukee,  Wisconsin;  Perry 
County,  Missouri ;  Eureka  district,  Nevada ;  Mackenzie  River  Valley,  North- 
west Territory,  Canada. 

Obs,  The  writer  has  compared  American  forms  with  O.  striatula  from  the  Eifel, 
Germany,  and  he  agrees  with  authors  in  regarding  both  as  one  species. 
Orthis  (Schizophoria)  macfarlani  is  often  found  associated  with  O.  striatula 
and  may  be  only  a  variety  of  it. 

Sohizophoria  swallovi  HaU.  Burlington  (L.  Carb.). 

Orthis  swallovi  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  597,  pi.  12,  fig.  5;— 

Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  36,  figs.  23,  24.— Keyes,  Geol. 

Survey  Missouri,  V,  1895,  p.  63,  pi.  38,  fig.  5. 
Schizophoria  swallovi  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  pp.  213, 

226,  pi.  6,  figs.  23,  24. 
Loo.  Burlington,  Iowa;  Quincy,  Illinois;  Pike  County,  Missouri. 
Obs.  Compare  with  Rhipidomella  clarkensis. 

Schizophoria  tioga  Hall.  Portage  and  Chemung  (Dev.). 

Orthis  interlineata  HaU  (non  Sowerby),  Geol.  N.  Y. ;  Rep.  Fourth  Dist.,  1843, 

p.  267,  figs.  3,  4. 
Orthis  tioga  Hall,  Pal.  New  York,  IV,  1867,  p.  59,  pi.  8,  figs.  20-29;— Second  Ann. 

Rep.  N.  Y.  State  Geol.,  1883,  pi.  36,  figs.  17, 18.— Whitfield,  Annals  N.  Y.  Acad. 

Sci.,  V,  1891,  p.  561,  pi.  12,  fig.  3;— Geol.  Ohio,  VII,  1895,  p.  453,  pi.  8,  fig.  3. 
Schizophoria  tioga  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  212, 

226,  pi.  6,  figs.  17,  18. 
Loo.  Factoryville,  Elmira,  etc.,  New  York;  Lake  County,  Ohio. 
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Schizophozia  tnlliensis  (Yanuxem).  Tally  (D 

Orthis  toIliensU  Yanuzem,  Geol.  N.  Y. ;  Rep.  Third  Dist.,  1842,  p.  164,  fig 
Hall,  Pal.  New  York,  IV,  1867,  p.  55,  pi.  7,  tig.  5.— Walcott,  Mon.  1 
G6ol.  Survey,  VIII,  1884,  p.  115,  pi.  2,  fig.  12.--Williaiiis,  Bull.  Geol. 
America,  I,  1890,  p.  492,  pi.  12,  fig.  16. 

Orthis  resupinataUall  (non  Martin),  Geol.  N.  Y. ;  Rep.  Foarth  Diet.,  1843,  p 
«g.2. 

Orthis  (Schizophoria)  tulliensis  Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol., 
pi.  36,  figs.  25-29. 

Schizophoria  tulliensis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892 
212,  226,  pi.  6,  figs.  25-29. 

Loc.  TuUy,  Tinkers  Falls,  and  Ovid,  New  York;  Eureka  district,  Nevada. 

SCHIZOTEETA  Kutorga.  Genotype  S.  elliptica  Kut< 

Schizotreta  Kntorga,  Verhand.  Kais.  Min.  Gessel.  zu  St.  Petersburg,  VII, 

p.  273.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  135,  1 

Winchell  and  Schuchert,  Minnesota  Geol.  Survey,  III,  1893,  p.  365. — Hal 

Clarke,  Eleventh  Ann.  Rep.  N.  Y.  State  Geologist,  1894,  p.  257. 

Schizotreta  conica  (Dwight).  Treutou  (O 

Orbiculoidea  conica  Dwight,  American  Jour.  Sci.,  3d  ser.,  XIX,  1880,  p.  45 

21,  figs.  1-11. 
Schizotreta  conica  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp 

135,  pi.  4E,  figs.  6-8;  pi.  4F,  fig.  7. 
Loc.  Near  Newburg,  New  York. 

Schizotreta  miniitiila  Winchell  and  Schachert.  Lorraine  (0 

Schizotreta  minutula  Winchell  and  Schuchert,  Minnesota  Geol.  Survey,  III, 

p.  366,  fig.  28. 
Loc,  Near  Granger,  Minnesota. 

Schizotreta  ovalis  Hall  and  Clarke.  Trenton  (O 

Orbiculoidea  (Schizotreta)  ovalis  Hall  and  Clarke,  Pal.  New  York,  VIII,  : 

1892,  p.  177,  pi.  4E,  figs.  4,  5. 
Loc,  Middleville,  New  York. 

Schizotreta  pelopea  (Billings).  Trenton  and  Lorraine  (O 

Disciua  peloi>ea  Billings,  Pal.  Fossils,  I,  1862,  p.  52,  fig.  56;~Geol.  Canada, 

p.  159,  fig.  124. 
Diacina  concordensis  Sardeson,  Bull.  Minnesota  Acad.  Nat.  Sci.,  Ill,  1892,  p. 

pi.  4,  figs.  13,  14. 
Schizotreta  pelopea,  Winchell  and  Schachert,  Minnesota  Geol.  Survey,  III, 

p.  365,  pi.  29,  figs.  26-28. 
Loc.  Montreal,  Canada ;  Mantorville,  Old  Concord,  and  Spring  Valley,  Mi 

Bota ;  Dubuque,  Iowa ;  Neenah,  Wisconsin ;  in  the  Utica  at  Ottawa,  Ca: 

(Ami). 

Schizotreta  tenuilamellata  (Hall ).  Niagara  (^ 

Orbicula  tenuilamellata  Hall,  Pal.  New  York,  11,  1852,  p.  250,  pi.  53,  fig.  3. 
Disoina  forbesi  Nicholson  (non  Davidson),  Pal.  Prov.  Ontario,  1875,  p.  62. 
Discina  solitaria  Ringueberg,  American  Naturalist,  1882,  p.  175,  figs.  a-e. 
Discina  clara  Spencer,  Bull.  Univ.  State  Missouri,  1,  1884,  p.  56;— Trans 

Louis  Acad  Sci.,  IV,  1886,  p.  606,  pi.  8,  fig.  5. 
Schizotreta  tenuilamellata  Beecher,  American  Jour.  Sci.,  3d  ser.,  XLI,  189 

357,  pi.  17,  fig.  11. 
Orbiculoidea  (Schizotretaf)  tenuilamellata  Hall  and  Clarke,  Pal.  New  Y 

VIII,  Pt.  I,  1892,  pp.  127,  135,  pi.  4E,  figs.  &-11;  pi.  4F,  figs.  2^. 
Loc,  Lockport,  New  York ;  Hamilton,  Ontario,  and  Arisaig,  Nova  Scotia  (A 
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8ELEHELLA  Hall  and  Clarke.      Genotype  S.  gracilis  Hall  and  Clarke. 
SeleneUa  HaU  and  Clarke,  Pal.  New  York,  VUI,  Ft.  II,  1893,  p.  271  ;~TlurteentU 
Ann.Rep.  N.  Y.  State  Geologist,  1895,  p.  855. 

Selenella  graeilis  Hall  and  Clarke.  Corniferons  (Dev.). 

Selenella  graoUis  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  271, 

figs.  184-186. 
Loo.  Ontario. 

SEMJUIULA  McCoy  emend  Hall  and  Clarke. 

Genotype  Terebratnla  pentaedra  Phil]ips=:Athyri8  ambigna  (Phillips). 
Seminula  MoCoy,  Synopsis  Carb.  Fossils  Ireland,  1844,  pp.  150,  158.— Hall  and 

Clarke,  Pal.  New  York,  YIII,  Pt.  II,  1893,  p.  93;— Thirteenth  Ann.  Rep. 

N.  Y.  State  Geologist,  1895,  p.  781. 

Seminula  argentea  (Shepard).  Upper  Carboniferous. 

Terebratula  argentea  Shepard,  American  Jonr.  Sci.,  XXXIV,  1838,  p.  152,  fig.  8. 

Terebratnla  roissyi  d'Orbigny  (non  L'£veill^),  Voyage  dans  rAm^ricine  Mdrl- 
dionale.  Pal.,  1842,  p.  46. 

Terebratnla  antisiensis  d'Orbigny,  Ibidem,  1842,  p.  46  (non  p.  36). 

Terebratnla  pernviana  d'Orbigny,  Ibidem,  1842,  pi.  3,  figs.  17-19  (non  p.  36). 

Terebratula  subtilita  Hall,  Stansbnry's  Exped.  Great  Salt  Lake  of  Utah,  1852,  p. 
409,  pi.  4,  figs.  1, 2.— Shumard,  Marcy's  Rep.  U.  S.  £xpl.  Red  River  of  Louisi- 
ana, 1853,  p.  202,  pi.  4,  fig.  8.— Schiel,  Pacific  Railroad  Rep.,  II,  1855,  p.  108, 
pi.  1,  fig.  2.— Hall,  Ibidem,  III,  1856,  p.  101,  pi.  2,  figs.  3-5.— Marcou,  Geol.  N. 
America,  1858,  p.  52,  pi.  6,  fig.  9.— Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  714. 

Terebratnla  ( f )  subtilita  Davidson,  Mou.  British  Carboniferous  Brach.,  Pal.  Soc, 
1857,  p.  18,  pi.  1,  figs.  21, 22 ;  1860,  p.  86 ;  1862,  p.  217,  pi.  17,  figs.  8-10. 

Spirigera  snbtilita  Meek  and  Hayden,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1859,  p. 
20.— White,  Wheeler's  £zpl.  and  Survey  west  of  the  100th  Meridian,  IV,  1875, 
p.  141,  pi.  10,  fig.  6. 

Athyris  diflferentis  McChesney,  New  Pal.  Fossils,  1860,  p.  47. 

Athyris  snbtilita  Newberry,  Ives's  Bep.  Colorado  River  of  the  West,  1861,  p.  126. — 
Salter,  Quart.  Jonr.  Geol.  Soc.  London,  XVII,  1861,  p.  64,  pi.  4,  fig.  4.— Geinitz, 
Carbon  und  Dyas  in  Nebraska,  1866,  p.  40,  pi.  3,  figs.  7-9.— Meek,  Final  Rep. 
U.  S.  Geol.  Survey,  Nebraska,  1872,  p.  180,  pi.  1,  fig.  12;  pi.  5,  fig.  9;  pi.  8,  fig. 
4.— Meek  and  Worthen,  Geol.  Survey  Illinois,  V,  1873,  p.  570,  pi.  25,  fig.  14.— 
Derby,  Bull.  Cornell  Univ.,  I,  1874,  p.  7,  pi.  1,  figs.  5,  8  (not  7=Spirigerella 
derbyi);  pi.  3,  figs.  8,  16,19;  pi.  6,  fig.  2;  pi.  9,  fig.  4.— Meek,  Simpson's  Rep. 
Expl.  Great  Basin  Terr.  Utah,  1876,  p.  350,  pi.  2,  fig.  4 ;— Bull.  U.  S.  Geol.  and 
Geogr.  Survey  Terr.,  II,  4,  1876,  pi.  1,  fig.  2.— Derby,  Bull.  Mus.  Comp.  Zool., 
Ill,  1876,  p.  279.— Newberry,  Macomb's  Rep.  Expl.  Exped.  from  Santa  Fe  to 
the  Great  Colorado  River  of  the  West,  1876,  p.  138.— Meek,  King's  U.  S. 
Geol.  Expl.  40th  Pari.,  IV,  1877,  p.  83,  pi.  8,  fig.  6.— White,  Thirteenth  Rep. 
State  Geol.  Indiana,  1884,  p.  136,  pi.  35,  figs.  6-9.— de  Koninck,  Annales  dn 
Mus^e  Royal  d'Histoire  Naturelle  de  Belgiqne,  XIV,  1887,  p.  73,  pi.  18,  figs. 
1-4,  7-10, 12-28;  pi.  19,  figs.  47-56.— Herrick,  Bull.  Denison  Univ.,  II,  1887, 
p.  44,  pi.  2,  fig.  23.— Keyes,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1888,  p.  231.— 
Whitfield,  Annals  N.  Y.  Acad.  Sci.,  V,  1891,  p.  604,  pi.  16,  figs.  7-9;— GeoL 
Ohio,  VII,  1895,  p.  488,  pi.  12,  figs.  7-9: 

Spirifera  (Athyris)  subtilita  Tonla,  Sitznngsb.  der  k.  k.  Akad.  der  Wissensoh. 
zu  Wien,  LIX,  1869,  p.  6,  pi.  1,  fig.  5. 

Seminnla  subtilita  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  95,  figs. 
66,  67,  and  58,  59  on  p.  86;  pi.  47,  figs.  17-31. 

Athyris  argentea  Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  92,  pi.  39,  fig.  11. 

Loo,  Throughont  the  Upper  Carboniferous  of  North  America ;  Brazil  and  Bolivia, 
South  America;  England;  India;  Thibet  and  Kashmere. 

Ob$.  See  Seminula  charitonensis,  S.  caput-serpentis,  6.  bawni,  and  S.  singletonii 
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Seminula  oapnt-serpentU  (Swallow).  Upper  Garbonii 

Spirigera  oapntserpentis  Swallow^  Trans.  St.  Looia  Acad.  Sci.,  U,  1863,  ] 

Loe.  Missouri  and  Kansas. 

Od«.  Regarded  by  Keyes  as  a  synonym  for  S.  argentea. 

Seminula  charitonensiB  (Swallow;.  Upper  Oarbouii 

Spirigera  charitonensis  Swallow,  Trans.  St.  Lonis  Acad.  Sci.,  I,  1860,  p.  i 
Loc,  Chariton  and  Randolph  counties,  Missouri. 
06«.  Probably  a  synonym  for  Seminula  argentea. 

Seminula  claytoni  (Hall  and  Whitfield).  Kinderhook  (L.  ( 

Athyris  claytoni  Hall  and  Whitfield,  King's  U.  8.  Geol.  Expl.  40th  Pari. ,  IV 

1877,pl.  4,  figs.  15-17. 
Loo.  Little  Cottonwood,  Wasatch  Range,  Utah. 

Seminula  dawsoni  Hall  and  Clarke.  Upper  Garbonii 

Athyris  subtilita  Davidson  (non  Hall),  Quart.  Jour.  Geol.  Soc.  Londoi 

1863,  p.  170,  pi.  9,  figs.  4, 5.— Dawson,  Acadian  Geology,  3d  ed.,  1878, 

fig.  88. 
Seminula  dawsoni  Hall  and  Clarke,  Pal.  New  York,  YIII,  Pt.  II,  1885,  pp 

364,  figs.  6&-71;  pi.  47,  figs.  32-34. 
Loo.  Windsor,  Nova  Scotia. 

Seminula  formosa  (Swallow).  Keokuk  (L.  ( 

Spirigera  formosa  and  euzona  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  II,  186 
Athyris  formosa  Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  91. 
Loc.  Boonville,  Missouri. 

Seminnla  hawni  (Swallow).  Upper  Garbonii 

Spirigera  hawni  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  1, 1860,  p.  652. 

Loc.  Missouri. 

Oh9,  Probably  a  synonym  for  Seminula  argentea. 

Seminnla  maoonensiB  (Swallow).  Upper  Garbonii 

Spirigera  maconensis  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  I,  1860,  p.  651 
Loc.  Montgomery  County,  Missouri. 

Seminnla  parva  (Swallow).  Keokuk  (L.  C 

Terebratula  parva  Swallow  (non  d'Archiao,  1846),  Trans.  St.  Louis  Aca^ 

II,  1863,  p.  83.— Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  105. 
Terebratula  cooperensis  Miller,  N.  American  Geol.  and  Pal.,  1889,  p.  384. 
Loc.  Keokuk,  Iowa;  Monroe  and  Cooper  counties,  Missouri. 
Ohe.  Specimens  of  this  species  in  Professor  Hall's  collection  seen  by  the 

do  not*show  a  punctate  shell  structure,  but  are  distinctly  iibrous. 

Seminnla  persinnata  (Meek).  Garbonif 

Athyris  (!)  persiuuata  Meek,  King's  U.  S.  Geol.  Expl.  40th  Pari.,  IV,  1877 

pi.  9,  fiz.  4. 
Loc.  White  Pine  district,  Nevada. 

Seminnla  (?)  plattensis  (Swallow).  Upper  Garbonif 

Spirigera  plattensis  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  II,  1863,  p.  87. 
Loc.  Missouri;  Kansas;  Nebraska. 

Seminnla  (?)  rogerri  Hall  and  Clarke.  Upper  Helderberg  (1 

Seminula  rogersi  Hall  and  Clarke,  Pal,  New  York,  VIII,  Pt.  II,  1896,  pp.  1 

pi.  47,  figs.  1-4. 
Loc.  Pendleton,  Indiana. 

Seminnla  singletonii  (Swallow).  Upper  Garbonifi 

Spirigera  singletonii  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  II,  1863,  p.  87. 
Loc,  Boone  and  Audrain  counties,  Missouri. 
OhB,  Probably  a  synonym  for  Seminula  argentea. 
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Seminiila  rabqnadrata  Hall.  Easkaskia  (L.  Garb.). 

Athyris  subquadrata  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  703,  pi.  27,  fig. 

2,  woodcnt  p.  708.— Whitfield,  Annals  N.  Y.  Acad.  Sci.,  Y,  1891,  p.  585,  pi. 

14,  figs.  1-3;— Geol.  Ohio,  VII,  1895,  p.  472,  pi.  10,  figs.  1^.— Keyee,  Geol.  Sar- 

vey  MiBBoaTl,  V,  1895,  p.  92. 
Athyris  snbqnadrataf  Hall  and  Whitfield,  King's  U.  8.  Geol.  Ezpl.  40th  Pari., 

IV,  1877,  p.  271,  pi.  5,  figs.  19,  20. 
Seminula  subquadrata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  95, 

pi.  47,  figs.  7-9, 15,  16;  pi.  84,  figs.  30,  31. 
Loo.  Chester,  Illinois ;  Crittenden  Connty,  Kentnoky ;  Newtonville  and  MaxviUe, 

Ohio;  Oqnirrh  Mountains,  Utah. 
Ob8.  See  Cleiothyris  clintonensis. 

Seminula  titicaeaentii  (Gabb).  Upper  Carboniferous. 

Terebratnla  titicacensis  Gabb,  Jour.  Aoad.  Nat.  Sci.  Philadelphia,  2d  ser.,  VIII, 

1881,  p.  302,  pi.  42,  fig.  11. 
Loc.  Lake  Titicaca,  Bolivia. 

Seminiila  trinnclens  Hall.  St.  Louis  (L.  Carb.). 

Terebratula  trinaeleus  Hall,  Trans.  Albany  Institute,  IV,  1858,  p.  7; — Geol.  Sur- 
rey Iowa,  I.  Pt.  II,  1858,  p.  659,  pi.  23,  figs.  4,  5. 

Athyris  trinuclea  Whitfield,  Bull.  American  Mus.  Nat.  Hist.,  I,  1882,  p.  50,  pi.  6, 
figs.  22-27.— Hall,  Twelfth  Rep.  State  Geol.  Indiana,  1883,  p.  329,  pL  29,  figs. 
22-27. 

Seminula  trinuclea  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  94, 95, 
fig.  65;  pi.  47,  figs.  5,  6,  10-14. 

Loo,  Bloomington  and  Spergen  Hill,  Indiana;  Alton,  Illinois;  Boonyille,  Mis- 
souri; Princeton,  Kentucky. 

Oh$,  See  Cleiothyris  refiexa. 

Seminula  wasatchensiB  (White).  Upper  Carboniferous. 

Rhynchonella  wasatchensis  White,  Wheeler's  Expl.  and  Survey  west  of  100th 

Meridian,  Prel.  Rep.  1874,  p.  19 ;— Ihidem,  Final  Rep.,  1875,  p.  130,  pi.  9,  fig.  3. 

Loc.  Wasatch  Range,  near  Prove,  Utah. 

Ohs.  Is  related  to  S.  suhtilita.    The  great  anterior  thickening  is  due  to  old  age. 

Sieberella  (Ehlert,  and  HaU  and  Clarke^Gypidula. 

Oh$,  It  may  prove  that  Sieberella  will  be  useful  as  a  subgenus  of  Gypidula. 

SEPEOHOTEETA  de  Vem.         Genotype  Crania  unguiculata  Eichwald. 

Siphonotreta  de  Vemeuil,  G^ol.  de  la  Russie  d'Europe  et  des  Mont,  de  POural, 
II,  1845,  p.  286.— Dall,  Bull.  U.  S.  Nat.  Mus.,  8, 1877,  p.  62.~Hall  and  Clarke, 
Pal.  New  York,  VIII,  Pt.  I,  1892,  pp.  110,  167.— Winchell  and  Schuchert, 
Minnesota  Oeol.  Survey,  III,  1893,  p.  358.— Hall  and  Clarke,  Eleventh  Ann. 
Rep.  N.  T.  State  Geologist,  1894,  p.  252. 

Siphonotreta  (I)  mionla  McCoy.  Calciferous  (Ord.). 

Siphonotreta  f  micula  Ami,  Rep.  Progress  Geol.  Nat.  Hist.  Survey  Canada  for 

1887-88, 1889,  p.  52K. 
Xoe.  Great  Britain;  near  Laevis,  Canada. 

Siphonotreta  (?)  minnesotaenrifl  HaU  and  Clarke.  Trenton  (Ord.). 

Siphonotreta  t  minnesotensis  Hall  and  Clarke,  Pal.  New  York,  VIII^  Pt.  I,  1892, 

pp.  112, 177,  pi.  4,  figs.  37,  38.— Winchell  and  Schuchert,  Minnesota  Geol. 

Survey,  III,  1893,  p.  358,  pi.  29,  figs.  23,  24. 
Loo,  Minneapolis,  Minnesota. 

Siphonotreta  scotica  Whiteaves=Schizainbon  f  fissas  americanus. 

SPSLSBOBOLTTS  Matthew.  Genotype  Lingnlella  !  spissa  Billings. 

Sph»roholus  Matthew,  Trans.  Royal  Soc.  Canada,  2d  ser.,  1, 1896, ^p;^ 263.     t 
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Spbeerobolus  spissus  (Billings).  Lower  Ord 

Lingulella  t  apissa  Billings,  Canadian  Nat.  Geol.,  n.  ser.,  YI,  1872,  p, 

5;— Pal.  Fossils,  II,  1874,  p.  67,  fig.  36. 
^pbterobolns  spissas  Matthew,  Trans.  Royal  Soc.  Canada,  2d  ser.,  I. 

263,  pi.  1,  fig.  5. 
Jxtc.  Bell  Island,  Newfonndland. 

SPIRIEEE  Sowerby.  Genotype  Anomites  striatos 

Spirifer  Sowerby,  Mineral  Conchology,  II,  1815,  p.  41.— Billings,  Canac 

Geol.,  I,  1856,  p.  134.— Meek  and  Hayden,  Pal.  Upper  Missouri,  Smi 

Cont.  to  Knowledge,  XIV,  172, 1864,  p.  17.— Hall  and  Clarke,  Pal.  N 

VIII,  Pt.  II,  1893,  pp.  1-40  J— Thirteenth  Ann.  Rep.  N.  Y.  State  C 

1895,  p.  751. 

Spirifera  Billings,  Canadian  Journal,  VI,  1861,  p.  253.— Hall,  Twentietl 

Y.  State  Cab.  Nat.  Hist.,  1867,  p.  251 ;— Pal.  New  York,  IV,  1867, 

White,  Wheeler's  Expl.  and  Survey  west  of  the  100th  Merid.,  1875 

Herrick,  Bull.  Denison  University,  IV,  1888,  p.  14.— Nettelroth,  I 

Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  105.— Hall,  B 

*  Soc.  America,  I,  1890,  p.  567;— Ninth  Ann.  Rep.  N.  Y.  State  Geol.,  ] 

1 1  * 

^  j^  Spirifer  acanthoptems  (Conrad).  f  Hamilton 

Dulthyris  acanthoptera  Conrad,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  V 

p.  264. 
Lee,  Oneouta,  Otsego  County,  New  York. 

Spirifer  acTuninatus  (Conrad).  Comiferons  and  Hamilton 

Dolthyris  acuminata  Conrad,  Third  Ann.  Rep.  N.  Y.  Geol.  Survey,  1839 
Delthyris  prora  Conrad,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  VIII,  1842, 
^  ^  Terebratula  acuminatissima  Castelnau,  Essai  Syst.  Silorien  PAm^riqu 

||]  trionale,  1843,  p.  40,  pi.  14,  fig.  16. 

|M  Spirifer  cultrijugatus  Yandell  and  Shumard  (non  Roemer,  1844),  Cont.  G 

\  ^  tucky,  1847,  p.  10. 

?!  '^  '"^  Spirifer  acuminata  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857, 

^  Spirifera  acuminata  Hall,  Pal.  New  York,  IV,  1867,  pp.  198,  234,  pi. 

^  9-18;  pi.  35,  fig.  24.— Nettelroth,  Kentucky  Fossil  Shells,  Mem.  1 

"  Geol.  Survey,  1889,  p.  105,  pi.  8,  figs.  1-8. 

Spirifer  acuminatus  White,  Second  Rep.  Indiana  Bureau  of  Statistics  a 
1880,  p.  503,  pi.  4,  figs.  1-3;— Tenth  Rep.  State  Geol.  Indiana,  188 
pi.  4,  figs.  1-3.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  i 
pi.  39,  figs.  39-42. 
Loc.  Schoharie,  Williamsville,  Clarence  Hollow,  Hamilton,  Madison,  i 
York;  Columbus  and  Sandusky,  Ohio;  Falls  of  Ohio. 

Spirifer  acntioostatus  de  Koninck.  Upper  Carbon 

Spirifer  acutioostatus  de  Koninck,  Animaux  Fos.  Carb.  Belgiqne,  p.  2( 

fig.  6. 
Sj>irifera  acuticostata  Davidson,  Quart.  Jour.  Geol.  Soc.  London,  XIX 

171,  pi.  9,  figs.  7,  8.— Dawson,  Acadian  Geol.,  3d  ed.,  1878,  p!  292,  fij 
hoc,  Europe ;  Brookfield  and  Shubenacadie,  Nova  Scotia. 

Spirifer  agelains  Meek.  Lower  Carbon 

Spirifer  triradialist  Meek  (non  Phillips),  Sixth  Ann.  Rep.  U.  S.  Geol 

Terr.,  1873,  p.  470. 
Spirifer  agelaius  Meek,  Ibidem,  1873,  p.  470,  footnote.— White,  Twel 

Rep.  U.  S.  Geol.  Survey  Terr.,  1883,  p.  135,  pi.  34,  fig.  10. 
Loc,  Near  Virginia  City,  Montana. 

Spirifer  alatos  Castelnau  (non  Schlotbeim)s=  Spirifer  aliformis. 
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Spiiifer  aliformis  de  Verneuil.  Upper  Helderberg  (Dev.). 

Spirifer  alAtoa  Castelnftu  (non  Sohlotheim),  Essai  Syst^me  Silurien  TAm^rique 

SeptentrionalO;  1843,  p.  42,  pi.  12,  fig.  4. 
Spirifer  alaeformis  de  Vemenil,  Ibidem,  1843,  p.  42,  footnote. 
Lac,  Schoharie,  New  York. 
OhB,  Compare  with  Spirifer  arenoeuB. 

Spirifer  alba-pineniii  Hall  and  Whitfield.  Kinderhook  (L.  Garb.). 

Spirifera  albapinensis  Hall  and  Whitfield,  King's  U.  S.  Geol.  Ezpl.,  40th  Pari.,  IV, 

1877,  p.  255,  pi.  4,  figs.  7,  8. 
Loe.  Wasatch  Bange,  Utah. 
OhB.  Appears  to  be  a  synonym  of  S.  centronatos. 

Spirifer  aldrichi  Etheridge.  Deyonian. 

Spirifer  aldrichi  Etheridge,  Quart.  Jonr.  Geol.  Soc.  London,  XXXIV,  1878,  p.  634, 

pi.  29,  fig,  2. 
Loe,  Dana  Bay,  lat.  92P  42'. 

Spirifer  alta  Hall=CyTtia  alta. 

Spirifer  amams  Swallow.  Hamilton  (Dev.). 

Spirifer  amaras  Swallow,  Trans.  St.  Lonis  Acad.  Sci.,  I,  1860,  p.  642. 
Lac,  On  page  658  it  is  given  as  Callaway  County,  Missouri,  in  association  with 
Hamilton  terrane  fossils.    It  is  probably  the  same  as  S.  annse  Swallow. 

Spirifer  angnrtus  Hall.  Hamilton  and  Portage  (Dev.). 

Spirifer  angusta  Hall,  Tenth  Eep.  N.  Y.   State  Cab.   Nat.  Hist.,  1857,  p.  164, 

fig.  in  text. 
Spirifera  angusta  Hall,  Pal.  New  York,  IV,  1867,  p.  230,  pi.  38A,  figs.  23-32.— 

Whitfield,  Geol.  Wisconsin,  IV,  1882.  p.  329,  pi.  26,  fig.  3.— Hall,  Second  Ann. 

Rep.  N.  Y.  State  Geol.,  1883,  pi.  54,  figs.  14-17. 
Spirifer  angustus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  31,  39, 

pi.  24,  figs.  14-17. 
Lac,  Livingston  and  Genesee  counties,  and  Ithaca,  New  York ;  Portage  group 

of  New  York  (Williams) ;  Milwaukee,  Wisconsin. 

Spirifer  annsB  Swallow.  Hamilton  (Dev.). 

Spirifer  annse  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  I,  1860,  p.  641. 
Lac.  Callaway  County,  Missouri. 
Ob9.  See  S.  amarus. 

Spirifer  annectans  Walcott.  Lower  Carboniferous. 

Spirifera  annectans  Walcott,  Mon.  U.  8.  Geol.  Survey,  VIII,  1884,  p.  216,  pi.  18, 

fig.  7. 
Lac,  Eureka  district,  Nevada. 

Spirifer  antaroticns  Morris  and  Sharpe.  Lower  Devonian, 

spirifer  antarcticus  Morris  and  Sharpe,  Quart.  Jour.  Geol.  Soc.  London,  II,  1846, 

p.  276,  pi.  11,  fig.  2. 
Lac,  Falkland  Islands. 
OhB,  Compare  with  S.  boliviaensis,  S.  chuquisa^a,  and  S.  orbignyi. 

Spirifer  arata  Hall=Spirifer  granulosus. 

Spirifer  areticoB  Houghton.  Devonian. 

Spirifer  arcticns  Houghton,  Jour.  Royal  Dublin  Soc.,  I,  1857,  p.  183. 
OhB,  The  writer  has  not  seen  this  journal. 

Spirifer  arctisegmentiuii  Hall.  Upper  Helderberg  (Dev.). 

Spirifer  arctisegmenta  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  131. 
Spirifera  arctisegmenta  Hall,  Pal.  New  York,  IV,  1867,  p.  208,  pL  31,  figs.  9, 10;— 
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Spirifer  areiuegmentnm  Hall — ^Continaed. 

Second  Ann.  Rep.  N.  Y.  State  Gebl.,  1883,  pi.  59,  figs.  10-12.— Nettelroth, 

Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Sorrey,  1889,  p.  108,  pL  12, 

figs.  14, 15. 
Spirifer  arctisegmentns  Hall  and  Clarke,  Pal.  New  York,  YIII,  Pt.  II,  1893,  p.  36» 

pi.  34,  figs.  10-12. 
Loo,  Stafford  and  Genesee  coonties,  New  York;  Falls  of  Ohio. 

Spirifer  arenoios  (Oonrad).  Oriskany  and  Gomiferous  (Dev.). 

Delthyris  arenosa  Conrad,  Third  Ann.  Rep.  N.  Y.  Geol.  Survey,  1839,  p.  65.— 

Mather,  Geol.  N.  Y. ;  Rep.  First  Dist.,  1843,  p.  342,  fig.  1.— Hall,  Ibidem,  Rep. 

Fourth  Dist.,  1843,  p.  148,  fig.  1. 
Delthyris  arenaria  Vanuxem,  Geol.  N.  Y. ;  Rep.  Third  Dist.,  1842,  p.  123,  fig.  1; 

p.  124,  fig.  5. 
Spirifer  arenosa  Rogers,  Geol.  Pennsylvania,  II,  Pt.  11, 1858,  p.  826,  fig.  650. — 

Hall,  Pal.  New  York,  III,  1859,  p.  425,  pi.  98,  figs.  1-8;  pi.  99,  figs.  1-10;  pi. 

100,  figs.  1-8. 
Spirifera  arenosa  Billings,  Geol.  Canada,  1863,  p.  960,  fig.  465.— Hall,  Second 

Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  55,  figs.  3-7. 
Spirifera  unica  Hall,  Pal.  New  York,  IV,  1867,  p.  203,  pi.  30,  fig.  21;  pi.  55, 

fig.  8. 
Spirifer  arenosus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  24,  27, 

37,  pi.  29,  figs.  1-4;  pi.  30,  figs.  3-8. 
Loo.  Schoharie,  Clarence  Hollow,  etc..  New  York;  Cumberland,  Maryland;  Vir- 
ginia; Frankstown,  Pennsylvania;  Cayuga,  Ontario. 

Spirifer  argentarius  Meek = Spirifer  pinonenais. 
Spirifer  arrectus  Hall = Spirifer  murchisoDi. 

Spirifer  asper  Hall.  Hamilton  (Dev.). 

Spirifer  aspera  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  508,  pi.  4,  fig.  7. 

Spirifera  (Cyrtina)  aspera  Whitfield,  Geol.  Wisconsin,  IV,  1882,  p.  381,  pi.  26, 
figs.  1,2. 

Spirifer  asper  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  29,  31,  32, 
39,  T>1.  25,  figs.  20-25. 

Xoo.  Independence  and  Rockford,  Iowa;  Rock  Island,  Illinois;  Milwaukee,  Wis- 
consin ;  Canaodaigua,  New  York. 

Spirifer  asperatiu  Bingueberg.  Niagara  (Sil.). 

Spirifera  asperata  Ringueberg,  Bull.  Buffalo  Soc.  Nat.  Sci.,  V,  1886,  p.  16,  pL  2, 

fig.  5. 
Loo.  Lockport,  New  York. 

Spirifer  atwateranus  Millers  Spirifer  iowaensis. 

Spirifer  audaonlus  (Courad).  Marcellus  and  STamilton  (Dev.). 

Delthyris  audacula  Conrad,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  VIII,  1842,  p.  262. 

Delthyris  medialis  Hall,  Geol.  N.  Y. ;  Rep.  Fourth  Dist.,  1843,  p.  208,  fig.  8.— 
Rogers,  Geol.  Pennsylvania,  II,  Pt.  II,  1858,  p.  828,  fig.  669. 

Spirifer  eatooi  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  157. 

Spirifer  medialis  Hall,  Ibidem,  1857,  p.  164,  fig.  1. 

Spirifera  medialis  Hall,  Pal.  New  York,  IV,  1867,  p.  227,  pi.  38,  figs.  1-25,— 
Second  Ann.  Rep.  N.  Y.  Stat«  Geol.,  1883,  pi.  54,  figs.  1-13.— Nettelroth,  Ken- 
tucky Fossil  SheUs,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  125,  pi.  26,  figs.  2-5. 

Spirifera  medialis  var.  eatoni  Hall,  Pal.  New  York,  IV,  1867,  pi.  38,  tigs.  12-18. 

Spirifera  audacula  Whitfield,  Gool.  Wisconsin,  IV,  1882,  p.  329,  pi.  25,  figs.  25, 26. 

Spirifer  audaculus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  2^-31, 
39,  pi.  24,  figs.  1-13;  pi.  29,  fig.  5. 

Loo.  Otsego,  Cayuga,  Moscow,  Darien,  etc.,  New  York;  Falls  of  Ohio;  Milwau- 
kee, Wisconsin.  ^-^  ^ 
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Spirifer  andaonlns  maonmotns  Hall.  Hamilton  (Dev.). 

Delthyris  macronota  Hall,  Geol.  N.  Y. ;  Bep.  Fourth  Dist.,  1843,  p.  206,  fig.  5. 
Spirifera  macronota  Hall,  Pal.  New  York,  IV,  1867,  p.  231,  pi.  38A,  figs.  1-22;— 

Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  54,  figs.  18-27. 
Spirifer  aadacnlns  var.  macronotas  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II, 

1895,  pi.  24,  figs.  18-27. 
Loc.  Bristol,  Moscow,  Darien,  etc..  New  York. 

Spirifer  bnarqnianna  Eatbbun.  Middle  Devonian. 

Spirifera  buarquiana  Rathbnn,  Proc.  Boston  Soc.  Nat.  Hist.,  XX,  1879,  p.  28. 
Loc,  Rio  Maecnrn,  Province  of  Para,  Brazil. 

Spirifer  belphegor  Olarke.  Genesee  (Dev.). 

Spirifera  belphegor  Clarke,  Bnll.  U.  S.  Geol.  Survey,  16, 1885,  p.  30,  pi.  3,  fig.  13. 
Loe.  Ontario  Connty,  New  York. 

Spirifer  bicostatas  nall=Beticnlara  bicostata. 

Spirifer  bicostatas  var.  petilua  Hall=Iteticalaria  bicostata  petila. 

Spirifer  MdorsaliB  Winchell.  Hamilton  (Dev.). 

Spirifera  bldorsalis  A.  Wincbell,  Geol.  Rep.  Lower  Peninsala  of  Micbigan,  1866, 

p.  93. 
Loe,  Grand  Traverse  district,  Micbigan. 

Spirifer  biforatus  var.  lynx  flall=Platy8trophia  biforata. 
Spirifer  bifurcatus  Hall = Spirifer  leidyi. 

Spirifer  biUingBannfl  Miller.  Oriskany  (Dev.). 

Spirifera  snperba  Billings  (non  Eicbwald),  Pal.  Fossils,  II,  1874,  p.  45,  pi.  3A, 

fig.  3. 
Spirifera  billingsana  Miller,  N.  American  Geol.  Pal.,  1889,  p.  372. 
Loc.  Indian  Cove,  Gasp^. 

Spirifer  bilobns  Hall=Bilobites  bilobas. 

Spirifer  bixnesialis  Hall.  Upper  Devonian. 

Spirifer  bimesialis  Hall,  Geol.  Sarvey  Iowa,  I,  Pt.  II,  1858,  p.  507,  pi. 4,  fig.  6.— Hall 
and  Clarke,  Pal.  New  York,  VIII,  Pt.II,  1893,  pp.  17,  36,  pi.  34,  figs.  23-26. 

Spirifera  bimesialis  Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  59,  figs. 
23-26. 

Loo.  Independence,  Iowa;  Naples,  New  York  (Clarke). 

Spirifer  biplicatns  Meek  (non  Hall) = Spirifer  centronatas. 

Spirifer  biplieatiu  Hall.  Einderhook  (L.  Oarb.). 

Spirifer  biplicata  Hall,  Geol.  Sarvey  Iowa,  I,  Pt.  II,  1858,  p.  519,  pi.  7,  fig.  5. 
Spirifera  biplicata  Herrick,  BaU.  Denison  Univ.,  Ill,  1888,  p.  45;  IV,  1888,  p.  25, 

pi.  2,  fig.  8. 
Spirifer  biplicatns  Herrick,  Geol.  Ohio,  VII,  1895,  pi.  15,  fig.  8. 
Loo.  Burlington,  Iowa;  Qninoy,  Illinois;  Richfield,  etc.,  Ohio. 

Spirifer  boliviaensifl  d'Orbigny.  Devonian. 

Spirifer  boliviensis  d'Orbigny,  Voyage  dans  TAm^riqae  MMdionale,  Pal.,  1842, 

p.  37,  pi.  2,  figs.  8,  9. 
Loo.  Coohabamba  and  Chnqaisaoa,  Bolivia. 
Oh9.  Compare  with  S.  antarcticos  and  S.  hawkinsi. 

Spirifer  boonenris  Swallovr.  Upper  Oarboniferons. 

Spirifer  booensis  Swallow,  Trans.  St.  Lonis  Acad.  Sci.,  I,  1860,  p.  646. 

LoOn  Boone,  Randolph,  and  Monroe  counties,  Missouri. 

Oh9,  Begarded  by  Keyes  as  a  synonym  for  S.  rockymontanns. 
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Spiriftr  byrnesi  Nettelroth.  Hamilt 

Spirifera  bjmeei  Nettelroth,  Kentooky  Fossil  Shells,  Mem.  Kentack; 

vey,  1889,  p.  109,  pi.  10,  figs.  1-6 1,  31-34,  36-39. 
Loc.  Falls  of  Ohio. 

Spirifer  cameratns  Derby  (non  Morton )=Spirifer  condor. 

Spirifer  cameratns  Morton.  Upper  Garb 

Spirifer  cameratns  Morton,  American  Jour.  Sci.,  XXIX,  1836,  p.  150,  pi 
Hall,  Pacific  Railroad  Reports,  III,  1856,  p.  102,  pi.  2,  figs.  9, 
Survey  Iowa,  I,  Pt.  II,  1858,  p.  709,  pi.  28,  fig.  2.— Geinitz,  Carboi 
in  Nebraska,  1866,  p.  44.— Meek,  Final  Rep.  U.  S.  Geol.  Sarvej 
1872,  p.  183,  pi.  6,  fig.  12;  pi.  8,  fig.  15.— Meek  and  VYortheu,  G 
Illinois,  V,  1873,  p.  573,  pi.  25,  fig.  7.— Tonla,  Nenes  Jahrbuch  ] 
1874,  p.  240;— Sitzungsb.  der  Kais.  Akad.  der  Wissen.  zn  Wic 
543.— White,  AVTieeler's  Expl.  Survey  west  100th  Meridian,  IV,  1 
pi.  10,  fig.  1.— Newberry,  Macomb's  Rep.  Expl.  Exped.  from  Sani 
Great  Colora^lo  River  of  the  West,  1876,  p.  138.— Meek,  Simpson's 
Great  Basin  Terr.  Utah,  1876,  p.  353,  pi.  2,  fig.  3.— Hall  and  ( 
New  York,  VIII,  Pt.  II,  1893,  pp.  26,  38,  pi.  32,  figs.  9-15. 

Spirifer  meusebachanus  Roemer,  Kreidebildnng  Texas,  1852,  p.  88,  p 

Spirifer  triplicatus  Hall,  Stansbury's  Expl.  Survey  of  the  Valley  of 
Lake,  Utah,  1852,  p.  410,  pi.  4,  fig.  5. 

Spirifer  inequicostatnsf  Owen,  Geol.  Survey  Wisconsin,  Iowa,  and 
1852,  p.  586,  pi.  5,  fig.  6.  [See  specimens  in  U.  S.  Nat.  Mus.,  Cat.  In 
17954.] 

Spirifer  fasiger  Owen  (non  Koyserling),  Ibidem,  1852,  pi.  5,  fig.  4. 

Spirifer  striatus  var.  triplicatus  Marcon,  Geol.  N.  America,  1858,  ] 
fig.  3. 

Spirifer  species  Rogers,  Geol.  Pennsylvania,  II,  Pt.  II,  1858,  p.  833,  fi 

Spirifer  camerata  Meek  and  Hayden,  Proc.  Acad.  Nat.  Sci.  Philade 
p.  27. 

Spirifera  camerata  Newberry,  Ives's  Rep.  Colorado  River  of  the  Wc 
127. — White,  Secon(t  Ann.  Rep.  Indiana  Bureau  Statistics  and  < 
p.  517,  pi.  8,  fig.  3;— Tenth  Rep.  State  Geol.  Indiana,  1881,  p. 
fig.  3.— Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  57,  i 
White,  Thirteenth  Rep.  State  Geol.  Indiana,  1884,  p.  132,  pi.  35, 
Herriok,  Bull.  Denison  Univ.,  II,  1887,  p.  45,  pi.  2,  fig.  22.— K< 
Acad.  Nat.  Sci.  Philadelphia,  1888,  p.  230;— Geol.  Survey  Missou 
p.  83,  pi.  40,  fig.  5. 

Spirifera  camerata  var.  kansasensis  Swallow,  Trans.  St  Lonis  Ac« 
1867,  p.  409. 

Spirifer  (Trigonotreta)  camerata  Meek,  King's  U.  S.  Geol.  Expl.  40tl 
1877,  p.  91,  pi.  9,  fig.  2. 

Loo,  Putnam  Hill,  Ohio;  throughout  the  Upper  Carboniferous  of  N 
ica;  western  side  of  Spitzbergen  (Toula). 

Ohs.  S.  cameratus  is  often  regarded  as  identical  with  S.  striatns  (Mai 
latter  species,  however,  is  closely  and  finely  reticulated  with 
growth  lines,  while  in  S.  cameratus  the  plications  are  crowded  ^ 
pustules  arranged  in  radiating  lines.    See  S.  condor  and  S.  striat 

Spirifer  cameratns  var.  kansasensis  Swallow=Spirifer  camera 

Spirifer  cameratns  percrassus  Swallow.  Upper  Carbo 

Spirifer  cameratus  var.  percrasBus  Swallow,  Trans.  St.  Louis  Acad.  Sc 

p.  409. 
Loo.  Missouri  and  Kansas. 
05».  Regarded  by  Keyes  as  a  synonym  for  S.  cameratns. 


Digitized  by  VjOOQ IC 


■CHTCHBBT.)  INDEX   AND   BIBLIOGRAPHY.  885 

Spirifer  capax  Hall=Spirif6r  earyteines. 

Spirifer  canandaigusB  Hall  and  Glark6=BeticQlaria  canandaigufle. 

Spirifer  carteri  HallssSyriDgothjrris  carter!. 

Spirifer  carteri  Meek  (non  Hall)=SyriDgothyri8  texta. 

Spirifer  catskillensis  EinmouB=Spirifer  mesistrialis. 

Spirifer  cedarensis  Owen 3=  S.  iowaensis. 

8pixifer  centronataa  A.  Winchell.  Waverly  (L.  Garb.). 

Spirifer  centronataa  A.  Winchell,  Proo.  Acad.  Nat.  Sci.  Philadelphia,  1865, 

p.  118.— White,  Wheeler's  £xpl.  Survey  west  100th  Merid.,  IV,  1875,  p.  86, 

pi.  5,  fig.  8. 
Spirifera  (Trigonotreta)  bipllcata  (HaUf  f)  Meek,  Pal.  Ohio,  II,  1875,  p.  290, 

pi.  U,  fig.  5. 
Spirifera  centronata  Hall  and  Whitfield,  King's  U.  S.  Oeol.  Ezpl.  40th  Pari.,  lY, 

1877,  p.  254,  pi.  4,  figs.  5,6. 
Loe.  Cnyahoga  Falls,  Ohio;  Black  Hills,  South  Dakota;  Wasatch  Range,  Utah; 

Mountain  Spring,  Nevada;  Yellowstone  Park. 
Ob$.  See  S.  alba-pinensis. 

Spirifer  chilensis  ForbessSpiriferina  rostrata. 

Spirifer  chnqmsaca  A.  Ulrich.  Middle  Devonian. 

Spirifer  chnquisaca  A.  Ulrich,  N.  Jahrb.  f.  Mineral.,  Beilageband,  VIII,  1892,  p. 

65,  pi.  4,  figs.  19,  20. 
Loc.  Chahuarani,  Tarabuoo,  eto.,  Bolivia. 
Oh9.  Compare  with  S.  bollviaensis  and  S.  antaroticns. 

Spirifer  clams  Swallow ssBeticnlaria  clara. 

Spirifer  clavatnliu  McChesney.  Barlington  (L.  Garb.). 

Spirifera  clavatula  McChesney,  New  Pal.  Fossils,  1861,  p.  84; — Trans.  Chicago 

Acad.  Sci.,  I,  1868,  p.  36,  pi.  6,  fig.  5. 
Loc,  Burlington,  Iowa. 

Spirifer  clintoni  Hall=sSpirifer  granulosus. 
Spirifer  clio  Hall=Delth]rriB  consobrina. 
Spirifer  compactus  Meek=Beticalaria  flmbriata. 

Spirifer  ocmeiimns  Hall.  Lower  Helderberg  (Dev.). 

Spirifer  concinna  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  60, 

figs.  1-3. 
Spirifera  concinna  Hall,  Pal.  New  York,  III,  1859,  p.  200,  pi.  25,  fig.  2;  pi.  28, 

fig.  7;— Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  55,  figs.  1,  2. 
Spirifer  concinnns  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  24, 27, 38, 

pi.  30,  figs.  1,  2. 
Loo.  Helderberg  Mountains,  New  York. 

Spirifer  oondor  d'Orbigny.  Upper  Garboniferoas. 

Spirifer  condor  d'Orbigny,  Voyage  dans  TAm^rique  M^ridionale,  Pal.,  1842,  p. 

46,  pi.  5,  figs.  11*14.— Waagen,  Palseontologica  Indica,  Ser.  XIII,  I,  1883, 

p.  514. 
Spirifer  striatus  var.  mnlticostatus  Tonla,  Sitznngsb.  der  kais.  Akad.  der  Wis- 

sensch.  zn  Wien,  1869,  p.  3,  pi.  1,  figs.  2-4. 
Spirifera  oamerata  Derby  (non  Morton),  Bull.  Cornell  Univ.,  1, 1874,  p.  12,  pis. 

1,  2,  4,  5;— Bull.  Mus.  Comp.  Zool.,  Ill,  1875,  p.  279. 
Loc,  Bolivia;  Bomjardim  and  Itaituba,  Brazil;  Yampopata  and  the  Island  of 

Titicaca,  Bolivia;  Pichis  River,  Peru. 

Bull.  87 25  ^  , 

Digitized  by  LjOOQIC 


386  SYNOPSIS   OF   AMERICAN   FOSSIL   BRACHIOPODA.         [bull.  87. 

Spirifer  condor  d'Orbigny — Goutinned. 

Ohs.  '^It  has  for  a  long  time  been  considered  a  synonym  of  S.  striatus  and  later 
of  S.  cameratns.  It  is  distinot,  however,  from  the  former  by  the  lamellcMe 
striflB  of  growth  and  from  the  latter  by  these  as  well  by  the  nearly  entire 
absence  of  bundling  of  the  ribs"  (Waagen). 

Spirifer  conradanas  Miller =Reticularia  fimbriata. 
Spirifer  coiisobrina  d'0rbigiiy=Delthyri8  coiisobrina. 

Spirifer  consors  A.  Winchell.  Hamilton  (Dev.). 

Spirifer  consors  A.  Winchell,  Geol.  Rep.  Lower  Peninsnla  of  Michigan,  1866,  p.  93. 
Loc.  Grand  Traverse  district,  Michigan. 

Spirifer  cooperensis  Waagen =Beticalaria  cooperensis. 

Spirifer  cortioosiui  Hall.  Hamilton  (Dev.)- 

Spirifer  oortioosa  Hall,  Tenth  Rep.  N.  T.  State  Cab.  Nat.  Hist.,  1857,  p.  160. 
Spirifera  corticosa  Hall,  Pal.  New  York,  IV,  1867,  p.  236. 
Loc.  Cumberland,  Maryland. 
Obs.  Compare  with  S.  grannlosos. 

Spirifcr(?)  costalis  Oastelnau.  ?  Upper  Helderberg  (Dev.). 

Spirifer  costalis  Castelnan,  Essai  Systdme  Silorien  TAm^rique  Septentrionali*, 

1843,  p.  41,  pi.  14,  fig.  7. 
Loc,  Schoharie,  New  York. 

Spirifer  orispatoB  Hall  and  Clarke.  Niagara  (Sil.). 

Spirifer  crispatns  Hall  and  Clarke,  Pal.  New  York,  VIII,  Ft.  II,  1895,  p.  360,  pL  36, 

figs.  9, 10. 
Loc.  "Maryland.'' 

Spirifer  oriBpns  (Hisinger).  Niagara  and  Coralline  (Sil.). 

Terebratnla  crispa  Hisinger,  Svenska  Vet.-Akad.  Handlingar,  1826,  tab.  7,  fig.  4. 
Delthyris  staminea  Hall,  Geol.  N.  Y. ;  Rep.  Fonrth  Dist.,  1843,  p.  105,  fig.  3. 
Spirifer  crispus  Hall,  American  Jonr.  Scl.,  XX,  1849,  p.  228;— Pal.  New  York.  II, 

1852,  p.  262,  pi.  54,  fig.  3 ;  p.  328,  pi.  74,  fig.  9.— Beecher  and  Clarke,  Mem.  N.  Y. 

State  Mas.,  1, 1889,  p.  75,  pi.  6,  figs.  6, 7.— Hall  and  Clarke,  Pal.  New  York,  VUI, 

Pt.  II,  1893,  pp.  19, 20, 36,  pi.  36,  figs.  1-6. 
Spirifera  crispa  Hall,  Twenty-eighth  Rep.  N.  Y.  State  Mas.  Nat.  Hist.,  1879,  p. 

157,  pi.  24,  figs.  6-12, 19;— Eleventh  Rep.  State  Geol.  Indiana,  1882,  p.  295,  pi. 

24,  figs.  6-12, 19;— Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  61,  figs.  IS, 
Loo.  Europe;  Lockport,  Lewiston,  and  Schoharie,  New  York;  Hamilton  and 

Arisaig,  Nova  Scotia  (Ami) ;  Ontario ;  Waldron,  Indiana. 

Spirifer  criBpns  simplex  Hall.  Niagara  (Sil.). 

Spirifera  crispa  var.  Hall,  Trans.  Albany  Institnte,  IV,  1863,  p.  212. 
Spirifera  crispa  var.  simplex  Hall,  Twenty-eighth  Rep.  N.  Y.  State  Mas.  Nat. 

Hist.,  1879,  p.  157,  pi.  24,  figs.  1-5 ;— Eleventh  Rep.  State  Geol.  Indiana,  1882, 

p.  296,  pi.  24,  figs.  1^.— Nettelroth,  Kentncky  Fossil  Shells,  Mem.  Kentacky 

Geol.  Survey,  1889,  p.  Ill,  pi.  17,  figs.  36, 37. 
Spirifer  crispns  var.  simplex  Beecher  and  Clarke,  Mem.  N.  Y.  State  Mas.,  1, 1889, 

p.  75,  pi.  6,  figs.  4, 5. 
Loc.  Waldron,  Indiana;  Lonisville,  Kentucky. 

Spirifer  caltr\jagatas  Yandell  and  Shamards Spirifer  acuminatas. 

Spirifer  cnmberlandieB  Hall.  Oriskany  (Dev.). 

Spirifer  cumherlandiie  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p. 
63;-PaL  New  York,  III,  1859,  p.  421,  pi.  96,  fig.  9.— Hall  apd  Clarke,  Pal. 
New  York,  VIII,  Pt.  U,  1893,  pp.  17,  36,  pi.  33,  fig«.  16-23. 
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Spirifer  eiunberlandiflB  Hall — Continued. 

Spirifera  oamberlandi»  HaU,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  5S, 

figs.  1&-23. 
Loc  Cumberland,  Maryland. 

Spirifer  coapidatas  of  American  anthorsssSyringothyris  carteri. 

Spirifer  caspidatiformis  Miller=Syringothyri8  texta. 

Spirifer  oyoloptems  Hall.  Lower  Helderberg  and  Oriskany  (Dev.). 

Spirifer  cycloptera  HaU,  Tenth  Ann.  Rep.  K.  Y.  State  Cab.  Nat.  Hist.,  1857,  p. 

58;— Pal.  New  York,  III,  1859,  p.  199,  pi.  25,  fig.  1. 
Spirifera  cycloptera  Billings,  Geol.  Canada,  1863,  p.  957,  fig.  457;~Pal.  Fossils, 

II,  1874,  p.  48,  pi.  3A,  fig.  4.— HaU,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883, 

pi.  61,  figs.  12,  13. 
Spirifer  oyclopterus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  36, 

pi.  36,  figs.  12,  15. 
Loc,  Helderberg  Mountains,  New  York ;  Gasp^  and  New  Brunswick. 

Spirifer  cyrtinaformis  Hall  and  Whitfield =Oyrtia  cyrtiniformis. 

Spirifdr  daTifli  Kettelroth.  Hamilton  (Dev.). 

Spirifera  davisi  Nettelroth,  Kentacky  Fossil  Shells,  Mem.  Kentucky  Geol.  Survey, 

1889,  p.  112,  pi.  12,  figs.  1-4. 
Loc,  Falls  of  Ohio. 

Spirifer  deltoideaB  Herrick.  Waverly  (L.  Garb.). 

Spirifera  deltoidea  Herrick,  Bull.  Denison  Univ.,  IV,  1888,  p.  27,  pi.  2,  fig.  7. 
Spirifer  deltoideus  Herrick,  Geol.  Ohio,  VII,  1895,  pi.  15,  fig.  7. 
Loo,  Licking  County,  Ohio. 

Spirifer  denderatns  Walcott.  Lower  Carboniferous. 

Spirifera  desiderata  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  217,  pi.  7, 

fig.  8. 
Loe.  Eureka  district,  Nevada. 

Spirifer  diajimotiu  Sowerby.  Cbemong  (Dev.). 

Spirifera  disjnncta  Sowerby,  Trans.  Geol.  Soc,  2d  ser.,  V,  1840,  pi.  53,  fig.  8; 
pi.  54,  figs.  12, 13.— -Davidson,  Mon.  British  Devonian  Brach.,  Pal.  Soc.,  1864, 
p.  23,  pi.  5,  figs.  1-12;  pi.  6,  figs.  1-5.— HaU,  Pal.  New  York,  IV,  1867,  p.  243, 
pi.  41,  figs.  1-19;  pi.  42,  figs.  1-20;— Second  Ann.  Rep.  N.  Y.  State  Geol., 
1883,  pi.  55,  figs.  14-17.— Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p. 
134.— Whiteaves,  Cent.  Canadian  Pal.,  1, 1891,  p.  221,  pi.  29,  fig.  4. 

Delthyris  perlatos  Conraid,  Fifth  Ann.  Rep.  N.  Y.  Geol.  Survey,  1841,  p.  54. 

Delthyris  chemungensis  Conrad,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  VIII,  1842, 
p.  263. 

Delthyris  prolata  Vanuxem,  Geol.  N.  Y. ;  Rep.  Third  Dist.,  1842,  p.  179,  fig.  3. 

Delthyris  cuspidata  Hall  (non  Martin),  Geol.  N.  Y. ;  Rep.  Fourth  Dist.,  1843,  p. 
270,  fig.  1.— Rogers,  Geol.  Pennsylvania,  II,  Pt.  II,  1858,  p.  829,  fig.  683. 

Delthyris  disjunctat  Hall,  Geology  N.  Y. ;  Rep.  Fourth  Dist.,  1843,  p.  269,  fig.  3. 

Delthyris  acanthota  Hall,  Ibidem,  1843,  p.  270,  fig.  2. 

Delthyris  inermisHaU,  Ibidem,  1843,  p.  270,  fig.  4. 

Spirifer  disjanctns  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  21, 
24, 27, 37, 49,  pi.  30,  figs.  14, 15, 17.— Herrick,  Geol.  Ohio,  VII,  1895,  pi.  23,  fig.  11. 

Loo.  Europe;  New  York;  Pennsylvania;  Eureka  district,  Nevada;  Peace,  Hay, 
and  Liards  rivers,  Canada. 

Spirifer  disjunctiu  ocddentalifl  Whiteaves.  Upper  Devonian. 

Spirifera  disjnncta  var.  occidentalis  Whiteaves,  Cont.  Canadian  Pal.,  1, 1891,  p. 

222,  pi.  29,  fig.  5. 
Loe,  Hay  River,  Canada. 
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Spiiifer  diqimctuB  snlcifer  Hall  and  Clarke.  Gheman^ 

Spirifera  disjunctus  var.  suloifer  Hall  and  Clarke;  Pal.  New  York,  VI 

1895,  p.  361,  pi.  30,  fig.  16. 
Loc.  Near  Olean,  New  York. 

Spirifer  disparilis  Hall^Metaplasia  disparilis. 

Spiiifer  diTaricatos  Hall.  Comiferous  and  Hamiltoi 

Spirifer  divaricata  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857, 

Spirifer  venastns  Hall,  Thirteenth  Rep.  Ibidem,  1860,  p.  82. 

Spirifera  divaricata  Hall,  Pal.  New  York,  IV,  1867,  p.  213,  pi.  32,  figs.  ] 

tekoth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  18^ 

pi.  11,  figs.  6-11;  pi.  12,  figs.  5-11. 
Spirifer  divaricatus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  18J 

27,  39,  pi.  38,  figs.  15-17. 
Loc.  Schoharie,  Stafford,  WilliamsviUe,  York,  etc.,  New  York;  Port  < 

Canada;  Falls  of  Ohio;  Lebanon,  Kentucky. 
Ohs.  Compare  with  S.  multicostatus  Castelnau. 

Spirifer  dubins  nall=:Pentamerella  dubia. 

Spirifer  dubiiu  !Nettelroth.  TNiaga 

Spirifera  dubia  Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  < 

vey,  1889,  p.  115,  pi.  33,  figs.  23, 24. 
Loc,  Louisville,  Kentucky. 

Spirifer  dnodenarina  (Hall).  Upper  Helderberg 

Delthyris  duodenaria  Hall,  Geol.  N.  Y. ;  Rep.  Fourth  Dist.,  1843,  p.  171 

Spirifera  duodenaria  Billings,  Canadian  Jour.,  n.  ser.,  V,  1861,  p.  256,  figs 

Geol.  Canada,  1863,  p.  372,  fig.  394.-.Hall,  Pal.  New  York,  IV,  18( 

^  pi.  27,  figs.  13-16;  pi.  28,  figs.  24-33 ;— Second  Ann.  Rep.  N.  Y.  St 

1]  T ,    M  t  1883,  pi.  58,  figs.  8-13.— Nettelroth,  Kentucky  Fossil  SheUs,  Mem.  ] 

I ,    *  Geol.  Survey,  1889,  p.  114,  pi.  12,  figs.  12, 13,  16. 

Spirifera  duodenaria  f  Rathbun,  Proo.  Boston  Soc.  Nat.  Hist..  XX,  1879, 

I^ti-^  Spirifer  duodenarins  Hall  and  Clarke,  Pal.  New  York,  VHI,  Pt,  II,  18S 

37,  pi.  33,  figs.  8-15. 
f  Loc.  New  York,  Ontario,  Columbus,  Ohio;  Falls  of  Ohio;  RioMaecnru, 

^  of  Para,  Brazil. 

Spirifer  daplicatus  Hall = Spirifer  dupliplicatns. 

Spirifer  duplidcoata  Phillips.  ^  Garboi 

Spirifer  duplicicostns  Phillips,  Geol.  Yorkshire,  II,  1829,  p.  218,  pi.  10, 
Spirifera  duplicicosta  Etheridge,  Quart.  Jour.  Geol.  Soc.  London,  XX2i 

p.  628. 
Loc.  Europe;  Feilden  Isthmus,  lat.  82^  43'. 

Spirifer  dupliplicatuB  (Conrad).  Hamilton 

Delthyris  dupliplicata  Conrad,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  'V 

p.  261,  pi.  14,  fig.  16. 
Spirifera  duplicata  Hall,  Pal.  New  York,  IV,  1867,  pp.  223,  236. 
Loc.  Near  Smyrna,  New  York. 
Ohs,  Compare  with  S.  granulosus  Conrad. 

Spirifer  eatoni  Hall = Spirifer  audacolos. 

Spirifer  eliz»  Bathbon.  Middle  D( 

Spirifer  elizae  (Hartt  MS.)  Rathbun,  Bull.  Buffalo  Soc.  Nat.  Sci.,  I,  187 

pi.  8,  figs.  15,  21;  pi.  9,  fig.  22. 
Spirifera  elizae  Rathbun,  Proc.  Boston  Soc.  Nat.  Hist.,  XX,  1879,  p.  38. 
Loc.  Erere,  Province  of  Para,  Brazil. 


*  * « 
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Spiiifer  engelmanni  Meek  and  Worthen  (non  Meek)sSpirifer  worth- 
enanas. 

Spiiifer  engelmanni  Meek.  Middle  Devonian. 

Spirifera  engelmanni  Meek,  Proo.  Aoad.  Nat.  Sci.  Philadelphia,  I860,  p.  308. — 
Simpson's  Rep.  Expl.  Great  Basin  Terr.  Utah,  1876,  p.  346,  pi.  1,  ftg.  L— 
King's  U.  8.  Geol.  Expl.  40th  ParL,  IV,  1877,  p.  41,  pi.  3,  fig.  3. 

Loe.  Neils  Valley,  Utah;  White  Pine  district,  Nevada. 

Spiiifor  eodora  Hall.  Niagara  (SiL). 

Spirifera  endora  Hall,  Annual  Rep.  Geol.  Survey  Wisconsin,  1861,  p.  25;— <}eoL 
Rep.  Wisconsin,  I,  1863,  p.  09,  pi.  6;  p.  436;— Trans.  Albany  Inst.,  IV,  1868, 
p.  211;— Twentieth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1867,  p.  370,  pi.  13,  figs. 
5, 7;— Ibidem,  Twenty-eighth  Rep.,  1879,  p.  156,  pi.  24,  figs.  13>18;— Eleventh 
Rep.  State  GeoL  Indiana,  1882,  p.  294,  pi.  24,  figs.  13-18  ;^Second  Ann.  Rep. 
N.  Y.  State  Geol.,  1883,  pi.  51,  figs.  19-21, 29. 

Spirifer  eudora  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  11, 1893,  pp.  13,  35, 
pi.  21,  figs.  19-21,29. 

Loe.  Racine,  Wisconsin;  Waldron,  Indiana;  Louisville,  Kentucky. 

Spirifer  enruteines  Hall  (non  Owen) =8.  fomacnla. 

Spirifer  enruteines  var.  fomacnla  Hall=S.  fomacnla. 

Spirifer  enryteinet  Owen.  Hamilton  (Dev.). 

Delthyris  enruteines  Owen,  Rep.  Geol.  Expl.  Iowa,  Wisconsin,  and  Illinois,  1844, 
p.  69,  pi.  12,  fig.  9. 

Spirifer  enruteines  Owen,  Geol.  Sorvey  Wisconsin,  Iowa,  and  Minnesota,  1852,  p. 
586,  pi.  3,  figs.  2,  6.  [See  specimens  in  U.  8.  Nat.  Mus.,  Cat.  Invert.  Foes., 
17924.] 

Spirifer  parryana  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  509,  pi.  4,  fig.  8.— 
Keyes,  Geol.  Surv.  Missouri,  V,  1895,  p.  77,  pi.  40,  fig.  4. 

Spirifer  capax  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  520,  pi.  7,  fig.  7. 

Spirifera  parryana  Billings,  Canadian  Jour.,  VI,  1861,  p.  261,  figs.  77, 78;— Geol. 
Canada,  1863,  p.  386,  fig.  422.— Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1888, 
pi.  52,  figs.  8, 9.— Calvin,  Bull.  Lab.  State  Univ.  Iowa,  1888,  p.  19. 

Spirifera  fomacnla  Meek  and  Worthen  (non  Hall),  Geol.  Survey  Illinois,  III, 
1868,  p.  433,  pi.  13,  fig.  8. 

Spirifera  capax  Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  52,  figs.  15-17. 

t  Spirifera  parryana  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  137,  pi.  14, 
fig.  10. 

Spirifer  parryanus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  29, 31, 39, 
pi.  22,  figs.  8, 9, 15-17. 

Loe,  Pine  Creek  and  elsewhere  in  Iowa ;  Eureka  district,  Nevada ;  Bosanqaet, 
Ontario,  Canada. 

Ob8.  Owen  described  this  species  in  1839,  but  it  was  not  published  until  1844. 
In  1841  Owen  sent  Professor  Hall  specimens  from  the  Falls  of  the  Ohio  labeled 
S.  euruteines.  This  species  was  again  refigured  in  his  report  of  1852,  where 
he  cites  the  same  localities  as  in  1844  (p.  32  last  paragraph),  adding  Falls  of 
Ohio  and  Columbus,  Ohio.  Professor  Hall  is  correct  in  regarding  the  Ohio 
specimens  as  distinct  from  those  of  the  Mississippi  Valley,  but  is  in  error  in 
thinking  that  figures  6-6b  of  the  1852  report  are  drawn  from  an  Ohio  Falls 
specimen.  These  figures  are  of  the  same  specimen  as  of  figure  9  of  the  1844 
report,  which  is  from  Pine  Creek,  Iowa.  The  type  specimens  are  in  the 
National  Museum  collection.  Owen's  figure  2  is  the  same  speciee  as  Hall's 
S.  capax,  while  his  figure  6  Is  a  small  individual  of  S.  parryana  Hall.  Pro- 
fessor Calvin  has  shown  these  two  species  to  be  identical.  Therefore  it 
follows  that  S.  euryteines  must  be  restricted  to  the  specimens  from  the 
Mississippi  Valley.  For  the  specimens  from  the  Falls  of  the  Ohio  S.  forna- 
cuius  Hall  will  be  the  proper  name.  ^-^  , 
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Spirifer  extenaatus  HallsSyringothyris  exteimata. 
Spirifer  fasciger  Owen  (non  Key8erling)==  Spirifer  cameratas. 
Spirifer  fastigatus  Meek  and  Worthen  (non  Mortou)=:;Spirifer  morton- 

anas. 
Spizifer  fitftigatOB  Morton.  9Lower  Carboniferous. 

Spirifer  fastigatus  Morton,  American  Joar.  Sci.,  XXIX,  1836,  p.  152,  pi.  14,  fig.  35. 

Loe.  Junior  Furnace,  Scioto  Coonty,  Ohio. 

Oha.  Not  recognizable. 

Spirifer  filicorta  A.  Winchell.  Hamilton  (Dev.). 

Spirifera  filicoata  A.  Winchell,  Report  Lower  Peninsula  of  Michigan,  1866,  p.  94. 
Loe,  Grand  Traverse  district,  Michigan. 

Spirifer  (?)  fimbriatof  Morton  Upper  Carboniferous. 

Spirifer  fimbriatus  Morton,  American  Joar.  Soi.,  XXIX,  1836,  p.  160,  pi.  2,  fig.  1. 
Loe.  Putnam  Hill,  Ohio. 
Ohs.  Not  recognizable. 

Spirifer  fimbriatus  Hall=Beticnlaria  fimbriata. 
Spirifer  fischeri  Castelnau^  Spirifer  macropleura. 

Spirifer  foggi  Nettelroth.  !Niagara  (SiL). 

Spirifera  foggi  Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Gool.  Sur- 
vey, 1889,  p.  117,  pi.  32,  figs.  28-31. 
Loe,  Louisville,  Kentucky. 

Spirifer  forbed  Norwood  and  Pratten.  Burlington  (L.  Carb.). 

Spirifer  forbesi  Norwood  and  Pratten,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  III, 

1854,  p.  73,  pi.  9,  fig.  3.— Hall,  Geo!.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  600,  pi. 

13,  fig.  1.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  26, 88,  pi. 

37,  fig.  18. 
Spirifera  forbesi  Keyes,  Geol.  Survey  Missouri,  V,  1896,  p.  80,  pi.  40,  fig.  3. 
Loe.  Burlington,  Iowa;  Hannibal,  Louisiana,  and  Sedalia,  Missouri. 

Spirifer  formoenfl  Hall.  Hamilton  (Dev.). 

Spirifer  fonnosa  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  154. 
Spirifera  formosa  Hall,  Pal.  New  York,  IV,  1867,  p.  220,  pi.  28,  figs.  12-16. 
Loe.  Bakeoven,  Illinois. 

Spirifer  fomacula  Meek  and  Worthen  (non  Hall)=:Spirifer  euryteines. 
Spirifer  f(»maciila  Hall.  Hamilton  (Mid.  Dev.). 

Spirifer  fomacula  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  154. 
Spirifera  eurnteines  Hall  (non  Owen),  Pal.  New  York,  IV,  1867,  p.  209,  pL  31, 

figs.  14-19. — White,  Second  Ann.   Rep.  Indiana  Bureau  of  Statistics  and 

Geol.,  1880,  p.  504,  pi.  4,  figs.  4, 5;— Tenth  Rep.  State  Geol.  Indiana,  1881,  p. 

136,  pi.  4,  figs.  4,  5. — ^Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky 

Geol.  Survey,  1889,  p.  115,  pi.  6,  figs.  1-7,  9,  11-17. 
Spirifera  eurnteines  var.  fomacula  HaU,  Pal.  New  York,  IV,  1867,  p.  211,  pi.  31, 

figs.  11-13.— Whitfield,  Geol.  Wisconsin,  IV,  1882,  p.  330,  pi.  25,  fig.  22.— 

Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p. 

117,  pi.  6,  figs.  8, 10,  18-20. 
JjOo.  Jackson  County,  Illinois;   Falls  of  Ohio;  Columbus,  Ohio;  Milwaukee, 

Wisconsin  (Whitfield). 
Ohs.  See  remarks  on  S.  euryteines  Owen. 

Spirifer  fomaz  Hall.  Hamilton  (Dev.). 

Spirifer  fomax  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  155. 
Loe,  Illinois. 
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Spirifer  franklini  MeeksReticalaria  franklini. 

SpirifBT  Mtoneniis  Worthen.  Upper  Carboniferous. 

fipirifera  faltonensis  Worthen,  Geol.  Sarvey  Illlnois,  V,  1873,  p.  572,  pi.  25,  fig.  5. 
Loc.  Canton^  IHinois. 

Spirito  gaapenau  Billings.  Oriskany  (Dev.)« 

Spirifera  gaspensis  Billings,  Pal.  Fossils,  II,  1874,  p.  44,  pi.  3,  fig.  8. 
Lac.  Gasp^. 

Spiiifer  g^bbotns  Hall.  Niagara  (SiL). 

Spirifer  gibbosns  Hall,  Ann.  Rep.  QtwA,  Survey  Wlaconsin,  1861,  p.  25. 
Spirifera  gibboea  HaU,  Twentieth  Rep.  N.  Y.  State  Cab.  Nat.  Hiat.,  1867,  p.  370, 

pi.  13,  figs.  6,  8. 
Loc,  Racine,  Wisconsin. 
Ohs.  Probably  the  same  as  S.  eudora  HalL 

Spirifer  glabms  DavidsonsMartinia  glabra. 

Spirifer  glabms  var.  contractus  Meek  and  Worthen =Martinia  glabra 

contracta. 
Spirifer  glabms  nevadensis  Walcott=Eeticularia  nevadaensis. 
Spirifer  glanscerasus  Wbite=Martinia  glanscerasi. 
Spirifer  granuliferus  Hall = Spirifer  granulosus. 

Spirifer  gpranulosufl  (Conrad).  Hamilton  (Dev.). 

Delthyris  granulosa  Conrad,  Third  Ann.  Rep.  Geol.  Survey  N.  Y.,  1839,  p.  65. 
Delthyris  grannlifera  Hall,  Geology  N.  Y. ;  Rep.  Fourth  Dist.,  1843,  p.  206,  fig.  1. 
Delthyris  congesta  Hall,  Ibidem,  1843,  p.  206,  fig.  2.— Rogers,  Geol.  Pennsylvania, 

n,  Pt.  II,  1868,  p.  828,  figs.  670,  673. 
Spirifer  huroniensis  Castelnau,  Essai  Syst^me  Silnrien  FAmiSrique  Septentrion- 

ale,  1843,  p.  41,  pi.  12,  fig.  6. 
Spirifer  osteolatns  Yandell  and  Shnmard,  Cont.  Geol.  Kentucky,  1847,  p.  14. 
Spirifer  grannlifera  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  163. 
Spirifer  arata  HaU,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  161. 
Spirifer  clintonl  Hall,  Ibidem,  1857,  p.  157. 
Spirifer  oweni  Hall,  Ibidem,  1867,  p.  129.— Hall  and  Clarke,  Pal.  New  York,  YIII, 

Pt.  II,  1896,  pi.  22,  figs.  1-7. 
Spirifera  oweni  Hall,  Pal.  New  York,  IV,  1867,  p.  197,  pi.  29,  figs.  1-8;— Second 

Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  52,  figs.  1-7.— Nettelroth,  Kentucky 

FossU  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  126,  pi.  7,  figs.  1-10. 
Spirifera  grannlifera  HaU,  Pal.  New  York,  IV,  1867,  p.  223,  pi.  36,  figs.  1-13;— 

Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  63,  figs.  1-15. 
Spirifera  arata  HaU,  Pal.  New  York,  IV,  1867,  p.  235. 
Spirifer  granulosus  HaU,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  29,  30,  81,  39, 

pi.  23,  figs.  1-16;  pi.  29,  figs.  9-12. 
Loc.  Schoharie,  Moscow,  Darien,  Canandaigua,  etc.,  New  York;  Pennsylvania; 

Cumberland,  Maryland;  Virgpinia;  Falls  of  Ohio;  Alpena,  Michigan. 

Spirifer  gregarius  Clapp.  Upper  Helderberg  (Dev.). 

Delthyris  gregaria  Yandell  and  Shumard,  Cont.  Geol.  Kentucky,  1847,  pp.  9, 10. 
(Nomina  nudum.) 

Spirifer  gregaria  (Clapp  MS.)  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1867, 
p.  127. 

Spirifera  gregaria  Billings,  Canadian  Jour.,  n.  ser.,  VI,  1861,  p.  260,  figs.  74-76; — 
Geol.  Canada,  1863,  p.  372,  t%.  391.— Hall,  Pal.  New  York,  IV,  1867,  p.  195, 
pi.  28,  figs.  1-11.— White,  Second  Ann.  Rep.  Indiana  Bureau  of  Statistics 
and  Geol.,  1880,  pi.  4,  figs.  10..  11;— Tenth  Rep.  State  Geol.  Indiana,  1881,  p. 
136,  pi.  4,  figs.  10,  11.— Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky 
Geol.  Survey,  1889,  p.  119,  pi.  8,  figs.  9-13;  pi.  10,  figs.  6-10. 
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t^^iiiftr  gregariuf  Glapp — Gontmued. 

Spirifer  gregftrins  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  17,  36, 

pi.  29,  fig.  7;  pi.  37,  figs.  11, 12. 
Loc,  Falls  of  Ohio;  Columbus,  Ohio;  Genesee  and  Erie  counties,  New  York; 

Ontario. 

Spirifer  grieri  Hall.  Upper  Helderberg  (Dev.). 

Spirifer  grieri  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  127;— 

Pal.  New  York,  IV,  1867,  p.  194,  pi.  27,  fig.  29;  pi.  28,  figs.  17-23.— Hall  and 

Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  24,  27,  38,  pi.  90,  figs.  9-13. 
Spirifera  grieri  Hall,  Second  Ann.  Rep.  N.  Y.  State  OeoL,  1883,  pi.  56,  figs.  9-13.— 

Nettelroth,  Kentucky  Foesil  Sliells,  Mem.  Kentucky  QeoL  Survey,  1889,  p. 

120,  pi.  9,  figs.  8-14. 
Loe.  Clarence,  Williamsville,  etc.,  New  York;  Columbus,  Ohio;  Falls  of  Ohio. 

Spirifer  grixnesi  Hall.  Kinderhook  and  Burlington  (L.  Garb.). 

Spirifer  grimesi  Hall,  Geol.  Survey  Iowa,  I,  Pt.  11,1868,  p.  604,  pi.  14,  figs.  1-6.— 
Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  23, 25,  38,  pi.  31,  figs. 
8, 16-19. 

Spirifer  allied  to  grimesi  Etheridge,  Quart.  Jour.  Geol.  Soc.  London,  XXXIV, 
1878,  p.  628,  pi.  25,  fig.  5. 

Spirifera  grimesi  Hall,  Second  Ann.  Bep.  N.  Y.  State  Geol.,  1883,  pi.  56,  figs. 
8, 16-19.— Keyes,  Geol.  Survey  Missouri,  V,  1896,  p.  79. 

Loe,  Burlington,  Iowa;  Quincy,  Hlinois;  Fielden  Isthmus,  lat.  82^  43';  Han- 
nibal, Louisiana,  Sedalia,  etc.,  Missouri. 

Spirifer  gaadalupensis  Shamard=Beticalaria  guadalupensis. 

Spirifer  hannibalensis  Swallows  S3rringothyri8  carteri. 

Spirifer  hartti  Eathban.  Middle  Devonian. 

Spirifera  hartti  Rathbun,  Proc.  Boston  Soc.  Nat.  Hist.,  XX,  1879,  p.  29.         4 
Loe.  Rio  Maecnru,  Province  of  Para,  Brazil. 

Spirifer  hawkinBi  Morris  and  Sharpe.  Lower  Devonian. 

Spirifer  hawkinsii  Morris  and  Sharpe,  Quart.  Jour.  Geol.  Soc.  London,  II,  1846, 

p.  276,  pi.  11,  fig.  1. 
Loe,  Falkland  Islands. 

Spirifer  hemicyclua  Meek  and  Worthen.  Oriskany  (Dev.). 

Spirifer  hemicyolus  Meek  and  Worthen,  Geol.  Survey  Illinois,  III,  1868,  p.  399, 

pi.  8,  figs.  6,  7. 
Loo.  Union  and  Alexandria  counties,  Hlinois. 

Spirifer  hemiplicatas  HallssEnteletes  hemiplicatuR. 

Spirifer  hesione  Billings=Delthyri8  raricosta. 

Spirifer  hirtas  White  and  Wliitfleld=Reticularia  cooperensis. 

Spiriftr  hobbai  Nettelroth.  Hamilton  (Dev.). 

Spirifera  varicosa  var.  Hall,  Pal.  New  York,  IV,  1867,  p.  206,  pi.  31,  fig.  23. 
Spirifera  hobbsi  Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol. 

Survey,  1889,  p.  121,  pi.  10,  figs.  21,  22,  26-30,  35,  40. 
Loo,  Falls  of  Ohio. 

Spirifer  homfrayi  Gabbs=Spiriferina  homfrayi. 

Spirifer  hungerfordi  Hall.  Chemnng  (Dev.). 

Spirifer  hungeriordi  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  501,  pi.  4,  fig.  1.— 
Tschemysohew,  M^moires  du  Comity  G^ologique  de  St.  Petersbourg,  Illf  3, 
1887,  p.  62.— HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  23,  25, 37, 
pi.  29,  fig.  6;  pi.  37,  figs.  26-30.— Webster,  American  Naturalist,  XXII,  1888, 
p.  1101. 

Loo,  Rockford,  Iowa. 
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Spiiifer  huroniensia  OastelnausrSpirifer  grannlosos. 

Spirifer  hiiroii«niis  A.  Winchell.  Portage  (Dev.). 

Spirifer  hnronensiB  A.  Winehell,  Proo.  Acad.  Nat.  8ci.  Philadelphia,  1862,  p.  406. 
Loc,  Port  aux  Barquee,  Michigan. 

Spirifer  imbrex  Hall.  Burlington  (L.  Garb.). 

Spirifer  imbrex  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  601,  pi.  13,  fig.  2.— 

HaU  and  Clarke,  Pal.  New  York,  YIII,  Pt.  II,  1893,  pp.  26, 38,  pi.  31,  figi.  11, 12. 
Spirifera  imbrex  HaU,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  56,  figs. 

11,12. 
Loo,  Bnrlington,  Iowa;  Hannibal  and  Louisiana,  Missouri. 

Spirifer  imequiyalvis  Gastelnaus=Bhynchotrema  insBquivalyiB. 

Spirifer  inoertOB  Hall.  Burlington  (L.  Garb.). 

Spirifer  inoerta  HaU,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  602,  pi.  13,  fig.  S. 
Loc.  Burlington,  Iowa. 

Spirifer  inconstana  Hall= Spirifer  nobilis. 

Spirifer  inerebeseeni  Hall.  Kaskaskia  (L.  Garb.). 

Spirifer  increbescens  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  706,  pi.  27,  fig. 

6.— HaU  and  Clarke,  Pal.  New  York,  VIH,  Pt.  II,  1893,  pp.  27,  39,  pi.  30, 

figs.  27-30;  pi.  31,  figs.  1-3.— Keyes,  Geol.  Survey  Missouri,  V,  1896,  p.  82. 
Spirifera  increbescens  Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  55,  figs. 

27-30;  pi.  56,  figs.  1-3. 
Loc,  Kaskaskia  and  Chester,  lUlnois;  Kentucky. 
O&f .  Not  synonymous  with  S.  bisuloatus  Sowerby,  as  stated  by  Meek  and  Safford. 

It  has  also  been  referred  to  S.  trigonalis  (Martin). 

Spirifer  inerebesoeni  americanns  Swallow.  Kaskaskia  (L.  Garb.). 

Spirifer  increbescens  var.  americana  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  II, 

1866,  p.  410. 
Loo.  Illinois  and  Missouri. 
Ob§.  Regarded  by  Keyes  as  a  synonym  for  S.  increbescens. 

Spirifer  increbescens  transversalis  Hall.  Kaskaskia  (L.  Garb.). 

Spirifer  increbescens  var.  transversalis  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858, 

p.  708,  pi.  27,  fig.  6. 
Loe.  Kaskaskia  and  Chester,  Illinois. 

Spirifer  inequicostatus  Owen = Spirifer  cameratus. 

Spirifer  insolitus  Winchell^sMartinia  9  insolita. 

Spirifer  intermedins  Hall.  Onskany  (Dev.). 

Spirifer  intermedia  HaU  (non  Brongniart,  1829),  Pal.  New  York,  III,  1859,  p.  424. 
Loe,  Cumberland,  Maryland. 

Spirifer  inntilis  Hall.  Upper  Devonian. 

Spirifer  inutilis  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  505,  pi.  4,  fig.  4. 
Spirifera  inutilis  Whiteaves,  Cont.  Canadian  Pal.,  1, 1891,  p.  223. 
Loc.  Independence,  Iowa;  Athabasca  River,  Canada. 

Spirifer  iowaensis  Owen.  Middle  Devonian. 

Spirifer  iowensis  Owen,  Geol.  Survey  Iowa,  Winconsin,  and  Minnesota,  1852,  p. 

585,  pi.  3,  fig.  1.     [See  specimens  in  U.  S.  Nat.  Mus.,  Cat.  Invert.  Fobs.,  17925.] 
Spirifer  pennatus  Owen  (non  Atwater),  Ibidem,  1852,  p.  585,  pi.  3,  figs.  3,  8. 

[Ibidem,  Cat.,  17919, 17920.] 
Spirifer  ligus  Owen,  Ibidem,  1852,  p.  585,  pi.  3,  fig.  4,  and  pi.  3A,  fig.  2  [Ibidem, 

Cat.,  17921,  17922].— HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893, 

pp.  31,  39,  pi.  22,  figs.  19-24;  pi.  29,  fig.  13.— Keyes,  Geol.  Survey  Missouri, 

V,  1895,  p.  77. 
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Spirifer  iowaenais  Owen — Continued. 

Spirifer  cedarensis  Owen,  Geol.  Survey  Iowa,  Wisconsin,  and  Minnesota,  1852, 
p.  586,  pi.  3,  fig.  5.  [See  8i>ecimen8  in  U.  S.  Nat.  Mus.,  Cat.  Invert.  Foss.,  17 
923,] 

Spirifer  pennata  Hall,  Geol.  Survey,  Iowa,  I,  Pt.  II.  I'^SS,  p.  510,  pi.  5,  fig.  1. 

fSpirifera  allied  to  pennata  Etheridge,  Quart.  Jonr.  Geol.  Soc.  London,  XXXIY, 
1878,  p.  633,  pi.  29,  fig.  1. 

Spirifera  atwaterana  Miller,  Proc.  Davenport  Acad.  Sci.,  1878,  p.  222. — Nettel- 
roth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  107. 

Spirifera  pennata  Whitfield,  Geol.  Wisconsin,  IV,  1882,  p.  330,  pi.  26,  fig.  4.— 
Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  52,  figs.  19-24. 

Loc,  New  Buffalo,  Independence,  etc.,  Iowa;  Rock  Island,  Illinois;  Milwaukee, 
Wisconsin ;  Falls  of  Ohio ;  south  of  Cape  Joseph  Henry,  lat.  82^  42^ 

Obs.  Owen's  type  specimens  of  S.  iowaensis,  S.  pennatus,  S.  ligus,  and  S.  cedar- 
ensis are  preserved  in  the  National  Museum  collection.  The  six  specimena 
of  these  species  show,  when  compared  with  a  large  series  of  similar  shells 
from  Iowa,  that  they  are  but  variations  of  a  very  variable  and  widely  dis- 
tributed Spirifer  of  the  Devonian  of  the  Mississippi  Valley.  The  width  and 
degree  of  curvature  of  the  ventral  area  and  the  length  of  the  cardinal  line 
are  extremely  variable  features  in  S.  io waensit.  Upon  these  characters  O  wen 
has  based  his  species.  The  name  S.  iowaensis  has  been  selected  not  only 
because  it  is  very  appropriate  but  also  since  it  is  the  first  one  desoribefl. 
S.  parry  anus  is  another  closely  allied  species,  but  can  be  separated  generally 
by  its  wider  ventral  area  and  in  the  cardinal  lines  not  being  drawn  out  into^ 
more  or  less  mucronate  extensions. 

Spirifer  keUogg^  Swallow.  Keokuk  (L.  Garb.). 

Spirifera  kelloggi  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  II,  1863,  p  86.— Keyes, 

Geol.  Survey  Missouri,  V,  1896,  p.  81. 
Spiriferina  kelloggi  Safford,  Geol.  Tennessee,  1869,  p.  360. 
Loc.  Keokuk,  Iowa;  Tennessee. 

Spirifer  kennicotti  Meek.  Middle  Devonian.. 

Spirifer  kennicotti  Meek,  Trans.  Chicago  Acad.  Sci.,  1, 1868,  p.  101,  pi.  14,  fig.  9. 
Loc.  Mackenzie  River  Valley,  Northwest  Territory,  Canada. 
Obs.  This  species  is  much  like  S.  pennatus  Miller,  but  with  the  fold  and  sinoa 

plicated.    It  is  unlike  S.  disjunctus,  to  which  it  has  been  referred  by  Wbit- 

eaves,  in  its  shallow  visceral  cavity. 

Spirifer  kentuckiensis  Shamard=:  Spiriferina  cristata. 

Spirifer  kentuckiensis  var.  propatula  Swallow = Spiriferina  cristata. 

Spirifer  keoknk  Hall.  Eeoknk  (L.  Garb.). 

Spirifer  striatusf  var.  attenuatusf  Owen  (non  Sow.),  Geol.  Survey  Wisconsin. 

Iowa,  Minnesota,  1852,  pi.  3A,  fig.  8.     [See  specimens  in  U.  S.  Nat.  Mns.,  Cat. 

Invert.  Foss.,  17944.] 
Spirifer  keokuk  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  642,  pi.  20,  figs.  3  and 

2d;— Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  55,  figs.  21-24.— Hall  and 

Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893.  pp.  27, 38,  pi.  30,  figs.  21-24;  pi.  37, 

figs.  13-15. 
Spirifer  keokuk  var.  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  676,  pi.  24,  flg.  4. 
Spirifer  keokuk  f  Meek,  Bull.  U.  S.  Geol.  Geogr.  Survey  Terr.,  II,  1876,  p.  355,  pi.  1,. 

fig.  3. 
Spirifera  keokuk  Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  81,  pi.  40,  flg.  2. 
Loc.  Keokuk,  Iowa;  Nauvoo  and  Warsaw,  Illinois;  Utah;  Rushville  and  Lou- 

donville,  Ohio  (Herrick). 
Obs.  See  S.  littoni.  ^-^  j 
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Spiiifer  keokok  Bhelbyenns  Swallow.  Warsaw  (L.  Garb.). 

Spirifer  keokak  tat.  Bhelbyeusis  Swallow^  Trans.  St.  Loais  Acad.  Sci.,  11^  1866, 

p.  410. 
Loc.  Shelby  Connty,  Misaoari. 

Spirifer  knappanus  Nettelroth=Beticalaria  knappiana. 

Spiiifer  lateralis  Hall.  Warsaw  (L.  Garb.). 

Spirifer  lateralis  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  661,  pi.  23,  fig.  7.— 

Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1805,  pi.  32,  figs.  1-3;  pi.  37, 

fig.  19. 
fSpirifera  lateralis  Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  188',  pi.  57,  figs. 

1-3. 
Loc  Clifton  and  Warsaw,  Illinois. 

Spiiifer  latior  Swallow.  Ghontean  (L.  Garb.). 

Spirifer  latior  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  II,  1863,  p.  86. 
Loe.  Cooper  County,  Missouri. 
Obn.  Compare  with  S.  marionensis. 

Spirifer  laevigatas  SwallowsMartinia  laevigata. 

Spirifer  laevis  Hall=Reticularia  laevis. 

Spirifer  laminosus  Oeinitz  (non  McGoy)=SpiriferiDa  cristata. 

Spiiifer  leidyi  Norwood  and  Pratten.  St.  Louis  (L.  Garb.)* 

Spirifer  leidyi  Norwood  and  Pratten,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  III, 

1854,  p.  72,  pi.  9,  fig.  2.— HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,. 

pp.  27,  39,  pi.  30,  figs.  25,  26. 
Spirifer  bifnrcatas  Hall,  Trans.  Albany  Institute,  IV,  1857,  p.  8. 
Spirifera  bifnrcata  Whitfield,  Bull.  American  Mus.  Nat.  Hist.,  1, 1882,  p.  47,  pL 

6,  figs.  13-15.— Hall,  Twelfth  Rep.  State  Geol.  Indiana,  1883,  p.  326,  pi.  29,. 

figs.  13-15. 
Spirifera  leidyi  Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  55,  figs.  25, 26.— 

Walcott,  Mon.  U.  8.  Geol.  Survey,  VIII,  1884,  p.  216,  pi.  18,  fig.  4.— Keyes, 

Geol.  Survey  Missouri,  V,  1895,  p.  82. 
hoc,  Chester,  Illinois;   Spergen    Hill,   Indiana;   Princeton,  Kentucky;    Utah; 

Eureka  district,  Nevada. 

Spirifer  leidyi  ehestereniia  Swallow.  Kaskaskia  (L.  Garb.). 

Spirifer  ieid3ri  var.  chesterensis  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  II,  1866, 

p.  409. 
Loc.  "Above  the  St.  Louis  limestone,"  Missouri. 
Ohs.  Regarded  by  Keyes  as  a  synonym  for  S.  leidyi. 

Spirifer  leidyi  xnerimacexiafl  Swallow.  Warsaw  (L.  Garb.)» 

Spirifer  leidyi  var.  merimaoensis  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  II,  1866,. 

p.  410. 
Lao,  Barrets  Station,  St.  Louis  County,  Missouri. 
Oh9.  Regarded  by  Keyes  as  a  synonym  for  S.  leidyi. 

Spirifer  ligus  Owen=S.  iowaensis. 

Spirifer  lineatoides  Swallow=rReticulariapseudolineata. 

Spirifer  lineatus  of  American  authors=Reticularia  perplexa. 

Spirifer  liueatas  striatolineatas  Swallow  =:Eeticularia  perplexa  striatic 

lineata. 
Spirifer  linguiferoides  Forbes =SpiriferiDa  rostrata. 

Spiiifer  littoni  Swallow.  St.  Louis  (L.  Garb.)- 

Spirifer  littoni  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  1, 1860,  p.  646. 
Loe.  St.  Louis  County,  Missouri. 
Oh:  Regarded  by  Keyes  as  a  synonym  for  S.  keokuk. 
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Spirifer  logani  Hall.  Keokuk  (J 

Spirifer  logani  Hall,  Geol.  Sorvey  Iowa,  I,  Pt.  II,  1858,  p.  647,  pi.  20,  fij 

figs.  1, 2.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  2 

figs.  7,  8. 
Spirifera  logani  A.  Winchell,  Proo.  American  Phil.  Soc,  XII,  1870,  p. 

Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  57,  fig8.  7,  8.— K 

Survey  Missouri,  V,  1895,  p.  81. 
Loe.  Nanvoo,  Illinois ;  Clark  County,  Missouri ;  Tennessee. 

Spirifer  lyelli  de  Verneuil= Spirifer  pennatus. 

SpirifdT  nutobridei  Calvin.  Upper  I 

Spirifera  macbridei  Calvin,  American  Jour.  Sol.,  3d  ser.,  XXV,  1881 

Calvin,  Bull.  Lab.  Nat.  Hist.  State  Univ.  Iowa,  II,  1892,  p.  166,  p 
Spirifer  maobridii  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  U 

31,  39,  pi.  26,  figs.  9-16  ( tl7-19). 
Loo.  Rockford,  Iowa. 

Spirifer  macoonathei  Nettelroth.  Hamiltc 

spirifera  macconatbii  Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kent 

Survey,  1889,  p.  123,  pi.  11,  figs.  1-5. 
F.OC.  Falls  of  Ohio. 

Spirifer  macra  Meek  (non  HalI)=Spirifer  strigosas. 

Spirifer  maonu  Hall.  Upper  Helderbei 

Spirifer  macra  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p. 
Spirifera  macra  Hall,  Pal.  New  York,  IV,  1867,  p.  190,  pi.  27,  figs.  17-2 

Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  59,  figs.  1-3. 
Spirifer  macrus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pi 

34,  figs.  1-3. 
Loc.  Schoharie,  Williamsville,  etc..  New  York ;  Columbus,  Ohio. 

Spirifer  macronotus  Hall =8.  audacalus  macronotus. 

Spirifer  xnaoroplenra  (Conrad).  Lower  Helderbei 

Delthyris  macropleura  Conrad,  Fourth  Ann.  Rep.  N.  Y.  Geol.  Survi 

207.— Vanuxem,  Geol.  N.  Y.;  Rep.  Third  Dist.,  1842,  p.  120,  fig.  1 

Ibidem,  Rep.  First  Diet.,  1843,  p.  343,  fig.  1. 
Spirifer  macropleurus  Castelnau,  Essai  Syst^me  Silurien  VAm^rique 

onale,  1843,  p.  41,  pi.  13,  fig.  5. 
Spirifdr  fischeri  Casteluau,  Ibidem,  1843,  p.  42,  pi.  13,  fig.  4. 
Spirifer  macropleura  Hall,  Pal.  New  York,  III,  1859,  p.  202,  pi.  27,  fig 

fig.  8.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp. 

20,  figs.  22-24,  27. 
Spirifera  macropleura  Billings,  Geol.  Canada,  1863,  p.  957,  fig.  456; — 

land  Soc.  Nat.  Hist.,  1863,  p.  117,  pi.  3,  fig.  16.— Hall,  Second 

N.  Y.  State  Geol.,  1883,  pi.  51,  figs.  22-24,  27. 
L^,  Schoharie,  Carlisle,  Catskill,  etc..  New  York;  Square  Lake,  Ma 

berland,  Maryland ;  Perry  County,  Tennessee. 

8plrifer  maorothyria  Hall.  Upper  Helderbei 

spirifer  macrothyris  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  185 

Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  29,  31,  39,  ] 

16-18. 
Spirifera  macrothyris  Hall,  Pal.  New  York,  IV,  1867,  p.  202,  pi.  30,  fig 

Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  53,  figs.  16-18. 
Lgc,  Williamsville  and  Clarence  Hollow,  New  York ;  Cayuga,  Ontarj 

bus,  Ohio. 
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Eatbbun.  Middle  Devonian. 

is  Rathban,  Proc.  Boston  Soc.  Nat.  Hist.,  XX,  1879,  p.  30. 
Province  of  Para,  Brazil. 

igs=:Martima  maia. 

Fpper  Helderberg  (Dev.)» 

I,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  128. 

II,  Pal.  New  York,  IV,  1867,  p.  211,  pi.  31,  figs.  20-30. 
ColmnbuBi  Ohio;  Williamsville,  New  York. 

kgen.  Upper  Carboniferous* 

arcou  (non  Martin),  Geol.  North  America,  1858,  p.  49,  pi.  7, 

aagen,  PalsBontologica  Indica,  Ser.  XIII,  I,  1883,  p.  510,  pi.  47. 
',  California;  Tigeras,  New  Mexico;  Vancoayer  Island. 

Hamilton  (Dev.)» 

II,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  158,  figs. 
Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  29,  39,  pi.  22, 

aU,  Pal.  New  York,  IV,  1867,  p.  226,  pi.  37,  tigs.  10-20;— Sec- 

N.  Y.  State  Geol.,  1883,  pi.  52,  figs.  10-14. 

lynga  and  Seneca  lakes.  New  York;  Columbus,  Ohio  (Whit- 

^humard.  Ghonteau  (L.  Garb.). 

}  Shnmard,  Geol.  Rep.  Missonri,  1855,  p.  203,  pi.  C,  fig.  8.— Hall, 
)wa,  I,  Pt.  II,  1858,  p.  501,  pi.  6,  fig.  1.— Hall  and  Clarke,  Pal. 
[,  Pt.  II,  1893,  pp.  25.  38,  pi.  31,  fig.  15.— Herrick,  Geol.  Ohio, 
»,  fig.  2. 

is  A.  Winchell,  Proc.  American  Phil.  Soc,  XII,,1870,  p.  252.— 
an.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  56,  fig.  15.— Herrick,  Bull. 

III,  1888,  p.  43,  pi.  6,  figs.  2-4;  pi.  7,  fig.  11;  IV,  1888,  p.  26, 
eyes,  Geol.  Surv.  Missonri,  V,  1895,  p.  78. 

isis  Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol. 
.124. 
Hannibal,  Missouri;  Portsmouth,  SciotoviUe,  etc.,  Ohio;. 

S.  osagensis,  S.  missouriensis,  and  8.  vemonensis. 
ill=Spirifer  audaculus. 

)w.  Burlington  (L.  Garb.)» 

low.  Trans.  St.  Louis  Acad.  Sci.,  I,  1860,  p.  645. 
ine  counties,  Missonri. 
Meek=Martinia  meristoides. 
3  Hall=Delthyris  mesicostalis. 

lall.  Portage  and  Ghemung  (Dev.). 

Jis  Hall,  Geol.  N.  Y. ;  Rep.  Fourth  Dist.,  1843.  p.  269,  fig.  1. 
is  Emmons,  Manual  of  Geology,  1860,  p.  151. 
lis  Hall,  Pal.  New  York,  IV,  1867,  p.  242,  pi.  40,  figs.  14-22, 

Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  14, 35,. 

rtlandville,  Cayuta  Creek,  and  Ithaca,  New  Y'ork. 

=Gyrtia  meta. 

inns  Roemer=Spirifer  cameratus. 
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Spirifer  mezicantui  Shumard.  Upper  Carboniferous. 

Spirifera  Mexicana  Shumard,  Trans.  St.  Louis  Acad.  Set.,  I,  1858,  p.  292,  pi.  11, 

fig.  4,  and  p.  390. 
Loc,  Guadalupe  Mountains,  New  Mexico  and  Texas. 

Spiiifer  miBSOnrieiins  Swallow.  Chouteau  (L.  Carb.). 

Spirifer  missouriensis  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  I,  I860,  p.  643. 
Loc.  Cooper  County,  Missouri. 
Obs.  Regarded  by  Keyes  as  a  synonym  for  S.  marionensis. 

Spirifer  modestus  Hall=Reticularia  modesta. 

Spiiiftr  mortonanus  Miller.  Keokuk  (L.  Carb.). 

Spirifera  fastigata  Meek  and  Worthen  (non  Worthen),  Proc.  Acad,  Nat.  Sci. 

Philadelphia,  1870,  p.  36 ;— Geol.  Survey  Illinois,  VI,  1875,  p.  521,  pL  30,  fig.  3. 

Spirifera  mortonana  Miller,  American  Pal.  Fossils,  2d  ed.,  1883,  p.  298. 

Spirifer  mortonanus  Hall  and  Clarke,  Pal,  New  York,  VlII,  Pt.  II,  1893,  pp.  26, 38, 

pi.  38,  figs.  18, 19. 
Loo,  Crawfordsville,  Indiana ;  Kings  Mountain  and  Lebanon,  Kentucky. 

Spirifer  mucronatus  Conrad = Spirifer  pennatus. 

Spirifer  mnlticoBtatnB  Castelnau.  fCorniferous  (Dev.). 

Spirifer  multicoetatus  Castelnau,  Essai  Syst^me  Silurien  FAm^rique  Septentrio- 

nale,  1843,  p.  42,  pi.  12,  fig.  3. 
Loc,  Schoharie,  New  York. 
Oh9,  See  S.  divarlcatus. 

Spirifer  multigranosus  Wortben=Spirifer  texasanus. 
Spirifer  multistriata  Hall=Trematospira  multistriata. 

Spirifer  mimdiLliiB  Bowley.  Burlington  (L.  Carb.). 

Spirifera  mundula  Bowley,  American  Geologist,  XII,  1893,  p.  307,  pL  14,  figs. 

10-12. 
Loc,  Louisiana,  Missouri. 

Bpinfer  murchisoni  Castelnau.  Oriskany  (Dev.). 

Spirifer  murchisoni  Castelnau,  Essai  Syst^me  Silurien  I'Am^riqueSeptentrionale, 

1343,  p.  41,  pi.  12,  figs.  1,2. 
Spirifer  arrecta  Hall,  Pal.  New  York,  III,  1859,  p.  422,  pi.  97,  figs.  1, 2. 
Spirifera  arrecta  Billings,  Geol.  Canada,  1863,  p.  960,  fig.  466. — Hall,  Second  Ann. 

Rep.  N.  Y.  State  Geol.,  1883,  pi.  58,  figs.  24-27. 
Spirifer  sp.  a  A.  UMch,  N.  Jahrb.  f.  Mineral.,  Beilageband,  VIII,  1892,  p.  67,  pi.  4, 

fig.  22. 
Spirifer  arrectus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  17, 19, 37, 

pL  33,  figs.  24-27. 
Loc,  Schoharie    and  Albany  counties.  New   York;    Cumberland,    Maryland; 

Cayuga,  Ontario ;  near  Totora,  Bolivia. 
Ol9.  Castelnau's  figures  prove  conclusively  that  he  was  the  first  to  describe  this 

species. 

Spirifer  mystioenfliB  Meek.  Lower  Carbonii*erous. 

Spirifera  mysticensis  Meek,  Sixth  Ann.  Rep.  U.  S.  Geol.  Survey  Terr.,  1873,  p. 

466.— Miller,  North  American  Geol.  and  Pal.,  1889,  p.  374. 
Loc,  Outlet  of  Mystic  Lake,  Montana. 

.Spirifer  neglectns  Hall.  Keokuk  (L.  Carb.). 

Spirifer  neglectus  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  643,  pi.  20,  fig.  5. 
Spirifera  neglecta  Meek  and  Worthen,  Geol.  Survey  Illinois,  VI,  1875,  p.  523,  pi. 

30,  figs.  Ic,  2a.— Waloott,  Mou.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  217,  pi.  18, 

fig.  10. 
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H — Continued, 

1  de  Kooinck,  Anaales  du  Mu046  E*>j^l  d'HIetorie  Nut.  dd 
1887.  p.  134,  i>l.  31,  figs.  10-15. 
, ;  Wurt^aw  and  Nauvoo^   Illinois;  Eureka  diBtrict«  Nerada; 

all  Waverly  (L.  Carb,), 

t  Hiill,  Second  Ann.  Rep.  N.  Y.  State  Geol.»  1883,  pL  56,  flgii. 
Hall  and  Clarkep  PaL  New  York,  VlII,  Pt>  II,  1895,  p.  362. 


(CoDTad).  Niagam  (SIL), 

m  Conrad,  Jonn  Acad,  Nat,  8ci,  Philfl<1elpbia,  Vlll;  1842.  p, 
L  K.  Y.}  Kep,  Foarth  Dist,,  1843,  p.  106,  ri|j,  1, 
»   Hall,  Pah  New  York,  11,  1852,  p.  264,  pL  54,  lig.  5.— Hall 
U  New  York,  VUI,  Pt.  II,  1893,  pp*  14,  35,  pi,  21,  tigs,  1-4,  25; 

is  Billings,  Caniwliiin  Nat.  GeoL,  I,  1856,  p.  137,  pL  2,  tig.  8;— 
1863,  p.  317,  lig-  329.— Hall,  Second  Ago.  Hep.  X.  Y,  tsute 
51,ligB,  1-4,  25. 
bester^  etc.,  New  York;  OsgotKl,  Indiana. 

oUgoptycbus  Roemer*  Kiagara  (Sil,). 

m  var,  oligoptycbus   Koemer,  8iU  Fauna  West,  Tennoaaet*, 
3,  fig.  8, 

lie  Saflbrdi  GeoL  Tennf^flaeo,  1869,  p,  $2h 
tj,  Tenneaaee. 
8-  eudorua  Hall  iin<L  S.  macroplennta  Cournd. 

Dawson,  O  risk  any  (Dev,). 

ifl  Dawflon,  Acadian  Geology,  3d  ed-,  1878,  p.  4t*lf,  li^.  176  j— 
CxeoL,  n.  aer.,  IX,  1879,  p*  3, 
Kova  Scotia. 

inde.  ^iiigata  (SO.)- 

roade,  Ueber  die  BraeU*  der&il,  Scbicbt  von  Bubmen.  1847. — 
e,  Pal,  N«w  York,  VIU,  Ft.  II,  1^93,  pp.  14,  35,  pi.  lU  lig.  16; 

McCheanej,  New  Pal.  Fossila,  1861,  p.  84. 
Hall,  Ann.  Rep.  Geol.  Survey  Wiaconain^  1861,  p,  26;^ — t.reol. 
I,  I,  1862,  p.  69,  fig.  6;  p.  436. 

all,  Twentktb  Rep,  N.  Y.  State  Cab.  Nat.  Hiat.,  1867,  p.  372, 
L6. 

i  McCbe8tie:f ,  Now  Pal.  Fossils,  1868,  p.  64. 
nain;  CUicagn,  Illmob. 

%  HansSpiriferiua  norwoodana. 

[  eek = C  yvti  a  nor wcm>  d  i . 

im  Miller*  Burlington  (L.  Carb.)* 

cana  Miller,  Jour.  Ciucinnatt  Soc.  Nat.  Hiai,,  IV,  1881,  p.  344, 


lining  diatricti  New  Mexico. 

lilliDgs=Ueticularia  iiyinpha 
^bb=Spiriferina  obtusa. 
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Spiiifer  oetooottatos  Hall.  Lower  Helderberg  (Dey.)i^ 

Spirifer  octooostata  Hall,  Tenth  Rep.  N.  T.  State  Cab.  Nat.  Hiat.;  1857;  p.  62; — 

Pal.  New  York,  III,  1859,  p.  206,  pi.  28,  fig.  4. 
Loc,  Cumberland,  Maryland. 

Spirifer  octoplicatas  HaU=Spiriferina  cristata. 
Spirifer  opimus  Hall = Spirifer  rockymontanas. 

Spirifer  orbignyi  Morris  and  Sharpe.  Lower  Devonian^ 

Spirifer  orbignii  Morris  and  Sharpe,  Qnart.  Jour.  Geol.  Soc.  London,  II,  1846, 

p.  276,  pi.  11,  fig.  3. 
Loc,  Falkland  lalandB. 
Ob9,  Probably  identical  with  S.  antarcticns. 

Spirifer  oregoneuBii  Shumard.  Upper  Garboniferoas. 

Spirifer  oregonensis  Shumard,  Trans.  St.  Louis  Acad.  Sci.,  II,  1863,  p.  108. 
Loc.  Near  Fort  Filmore,  New  Mexico. 

Spirifer  orertes  Hall  and  Whitfield.  Obemnng  (Dev.)» 

Spirifera  orestes  Hall  and  Whitfield,  Twenty-third  Rep.  N.  Y.  State  Cab.  Nat. 

Hist.,  1872,  p.  237,  pi.  11,  figs.  16-20.— Hall,  Second  Ann.  Rep.  N.  Y.  State 

Oeol.,  1883,  pi.  55,  fig.  20. 
Spirifer  orestes  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  27,  38,  pi- 

30,  fig.  20. 
Loc,  Rookford,  Iowa ;  Naples,  New  York. 
Oh9.  Compare  with  S.  strigosus. 

Spirifer  otagensis  Swallow.  Obouteau  (L.  Garb.)* 

Spirifer  osagensis  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  I,  1860,  p.  641. 
Loc,  Pettis  County,  Missouri. 
Ob9.  Regarded  by  Keyee  as  a  synonym  for  S.  marionensis. 

Spirifer  oyalis  Phillips.  Carboniferous* 

Spirifer  ovalis  Phillips,  Geol.  Yorkshire,  II,  1836,  p.  219,  pi.  10,  fig.  5.~£ther- 

idge,  Qnart.  Jour.  Geol.  Soc.  London,  XXXIY,  1878,  p.  629. 
Loc,  Europe.    Feilden  Isthmus,  lat.  82<^  43'. 

Spirifer  oweni  Hall = Spirifer  granolosas. 

Spirifer  paradoxus  (Scblotbeim).  Gorniferons  (Dev.)» 

Terebratula  paradoxa  Schlotbeim,  Petrefactenkunde,  VII,  1813,  p.  249,  tab.  2, 

fig.  6. 
Spirifer  paradoxus?  Meek  and  Worthen,  Geol.  Survey  Illinois,  III,  1868,  p.  415,. 

pi.  10,  fig.  2. 
Loc,  Europe ;  Union  and  Jackson  counties,  Illinois. 

Spirifer  parryana  Hall=S.  euryteines  Owen. 

Spirifer  pecniiaris  Shamard.  Kinderhook  (L.  Garb.)» 

Spirifer  r  peculiaris  Shumard,  Geol.  Rep.  Missouri,  1855,  p.  202,  PL  C,  fig.  7. 
Spirifera  (Martinia)  peculiaris  White,  WheeWs  Expl.  and  Survey  west  100th 

Meridian,  IV,  1875,  p.  90,  pi.  5,  fig.  7. 
Loc.  Cooper  County,  Missouri ;  Mountain  Spring,  Nevada. 

Spirifer  pedroanus  Eatbbun.  Middle  Devonian » 

Spirifera  pedroana  (Hartt)  Bathbun,  Bull.  Buffalo  Soc.  Nat.  Sci.,  I,  1874,  p.  237^ 

pi.  8,  figs.  1-9, 13, 14, 16-20  ;--Proc.  Boston  Soc.  Nat.  Hist.,  XX,  1879,  p.  27. 
Loc.  Erere  and  Province  of  Para,  Brazil. 

Spirifer  pennatus  Owen=Spirifer  iowaensis. 
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water).    Marcellus,  Hamilton,  and  Ghemang  (Dev.). 
la  Atwater;  American  Jour.  Sci.  Arts,  II,  1820,  p.  244,  pi.  1, 

ta  Conrad,  Fifth  Ann.  Bep.  Qeol.  Surrey  New  York,  1841,  p. 

Gkol.  N.  Y.;  Rep.  Third  Diat.,  1842,  p.  150,  fig.  3.— Hall, 

ourth  DiBt.,  1843,  p.  198,  figs.  2,  3;  p.  206,  fig.  3  (uon  p.  270, 

atu8  posterns).— (Conrad)  Hall,  Fifteenth  Bep.  N.  Y.  State 

,  1862,  pi.  11,  fig.  18. 

utelnau,  Essai  Syst.  Silnrien  VAm^rique  Septentrionale,  1843, 

►n  Fischer). 

imeull,  Ibidem,  1843,  p.  43. 

Billings,  Canadian  Nat.  Geol.,  1, 1856,  p.  474,  pi.  7,  figs.  9, 10.~ 

ennsylvania,  II,  1858,  p.  828,  fig.  668. 

%  Billings,  Canadian  Jour.,  n.  ser.,  VI,  1861,  p.  254,  figs.  59- 

Ida,  1863,  p.  386,  fig.  424.— Hall,  Pal.  New  York,  IV,  1867,  p. 

1-32.— Nicholson,  Pal.  Prov.  Ontario,  1874,  p.  80.— Whitfield, 

I,  IV,  1882,  p.  328,  pi.  26,  figs.  27,  28.— Hall,  Second  Ann.  Rep. 

.,  1883,  pi.  59,  figs,  ia-22.— Calvin,  American  Geologist,  1, 1888, 

th,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889, 

gs.  10, 11. 

B  var.  Williams,  Bull.  Geol.  Soc.  America,  I,  1890,  pi.  12, 

I  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  14, 

.8;  pi.  34,  figs.  13-22. 

nnsylvania,  Maryland,  Virginia;  Bosanquet,  Ontario;  Mil- 

isin. 

;imen  was  found  in  the  drift  of  Ohio.    Mr.  Miller  is  correct 

the  same  as  the  well-known  S.  mucronatns. 

terus  Hall  and  Clarke.  Chemung  (Dev.). 

;a  (partim)  Hall,  Geol.  New  York;  Bep.  Fourth  Dist.,  1843, 

J  var.  posterus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II, 
34,  fi|?s.  27-31. 
nty,  New  York. 

Lensis  Williams.  Tally  (Dev.). 

s  var.  tuUiensis  Williams,  Bull.  Geol.  Soc.  America,  1, 1890, 
?.12. 
New  York. 

)rbigny.  Carboniferous. 

d'Orbigny,  Voyage  dans  PAm^rique  M^ridionale,  Pal.,  1842, 
15. 
,  Bolivia. 

'all=Trematosp]ra  perforata. 

^eek  and  Worthen.  Corniferous  (Dev.). 

A  Meek  and  Worthen,  Geol.  Survey  Illinois,  III,  1868,  p.  414, 

o.  Union  County,  IlUnois. 

[Ceyes  as  a  synonym  for  S.  ligU8=S.  iowaensis. 

US  Hall=Delthyri8  perlamellosa. 
licOhesneyssEeticularia  perplexa. 
6 
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Spirifer  pertennis  Hall.  Hamilton  (Dev.). 

Spirifer  pertenois  Hall,  Tenth  Rep.  N.  T.  State  Cab.  Nat.  Hist.;  1857,  p.  163. 
Spirifera  perextensa  Hall,  Pal.  New  York,  IV,  1867.  p.  236. 
Loe,  Cumberland,  Maryland  (Wbitfield). 
Obs,  Compare  with  S.  macronota  Hall. 

Spirifer  pharoviciniu  A.  Winchell.  Huron  (Dev.). 

Spirifera  pharovicina  A.  Winchell,  Proc.  Acad.  Nat.  Sd.  Philadelphia,  1862,  p.  406. 
Loc.  Port  aux  Barques,  Michigan. 

Spirifer  pinonensis  Meek.  Lower  to  Upper  Devonian. 

Spirifer  (Trigonotreta)  pinonensia  Meek,  Proc.  Acad.  Nat.  Sci.  Philadelphia, 

1870,  p.  60;— King's  U.  S.  Geol.  Expl.  40th  Pari.,  IV,  1877,  p.  45,  pi.  1,  ^g.  9. 
Spirifer  (Trigonotreta)  argentariua  Meek,  King's  U.  8.  Geol.  Expl.  40th  Pari.,  IV, 

1877,  p.  42,  pi.  4,  ^g,  4. 
Spirifera  pinonensis  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  138,  pi.  4, 

fig.  1. 
Loc,  White  Pine  and  Eureka  districts,  Nevada. 

Spirifer  planoconvexns  Shamard=AmbocQelia  planiconvexa. 
Spirifer  plenus  Hall=Syringotbyri8  plena. 
Spirifer  plicatella  of  aathor8=:  Spirifer  radiatas. 

Spirifer  pluto  Clarke.  Genesee  (Dev.). 

Spirifera  pluto  Clarke,  Bull  IT.  S.  Geol.  Survey,  16, 1885,  p.  31,  pi.  3,  fig.  12. 
Loo.  Ontario  County,  New  York. 
Oba,  See  Leiorhynchus  hecate  Clarke. 

Spirifer  praBmatora  Hall=Betiealaria  prsematara. 
Spirifer  propinquus  Hall=Syringotliyri8  texta. 
Spirifer  prorus  Conrad = Spirifer  acnminatus. 
Spirifer  pseudolineatus  Hall=:Keticularia  pseudolineata. 
Spirifer  pulchrus  Meek=Spiriferina  pulchra. 
Spirifer  pyramidalis  Hall=C3rrtina  pyramidalis. 
Spirifer  pyxidatas  Hall = Metaplasia  pyxidata. 

Spirifer  quichuns  d'Orbigny.  Devonian. 

Spirifer  quichua  d'Orhigny,  Voyage  dans  PAm^rique  M^ridiouale,  Pal.,  1842^ 

p.  37,  pi.  2,  fig.  21. 
Loc.  Chuquisaca,  Bolivia. 

Spirifer  racinensis  McCbesney= Spirifer  nobilis. 

Spirifer  radiatas  Sowerby.  Clinton  and  Niagara  (SiL). 

spirifer  plicatella  var.  radiata  Sowerhy,  Mineral  Conchology,  V,  1825,  p.  498; 
figs.  1,  2. 

Delthyris  hialveata  Conrad,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  VIII,  1842, 
p.  261,  pi.  14,  fig.  17. 

Delthyris  radiata  Hall,  Geol.  N.  Y. ;  Rep.  Fourth  Dist.,  1843,  p.  106,  fig.  2. 

Spirifer  radiata  Hall,  Pal.  New  York,  II,  1852,  pp.  66,  265,  pi.  22,  figs.  2d-25  (non 
2ar-2c=Cyrtia  meta);  pi.  54,  fig.  6. 

Spirifera  radiata  Billings,  Canadian  Nat.  Geol.,  1, 1856,  p.  135,  pi.  2,  figs.  2,  3;— 
Geol.  Canada,  1863,  p.  317,  fig.  328.— Hall  and  Whitfield,  Twenty-«eventh 
Rep.  N.  Y.  State  Cah.  Nat.  Hist.,  1875,  pi.  9,  figs.  17,  18.— Hall,  Twenty- 
eighth  Rep.  Ihidem,  1879,  p.  157,  pi.  24,  figs.  20-30.— White,  Second  Ann. 
Rep.  Indiana  Bureau  of  Statistics  and  Geol.,  1880,  p.  497,  pi.  3,  figs.  5,  6; — 
Tenth  Rep.  State  Geol.  Indiana,  1881,  p.  129,  pi.  8,  figs.  5,  6.— Hall,  Eleventh 


Digitized  by  LjOOQIC 


INDEX   AND    BIBLIOGRAPHY. 


403 


^erby — Gontinued. 

882,  p.  296,  pi.  24,  figs.  20-30.— Whitfield,  Geol.  Wisconain,  lY, 
.  17,  figs.  1,  2.— Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883, 
13,26  (ri4-17).— Nettelroth,  Keutuoky  FoesU  Shells,  Mem. 
.  Survey,  1889,  p.  130,  pi.  29,  figs.  13-16.— Foerste,  Proc.  Boston 
,  XXIV,  1890,  p.  313,  pi.  5,  fig.  6. 

eecher  and  Clarke,  Mem.  N.  Y.  State  Mns.,  1, 1889,  p.  77,  pi.  6, 
11  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  13,  35,  pi. 
,  26  (t  14-18). 

ns  Shaler  (non  Hall),  Ball.  Mus.  Com.  Zool.,  4,  1865,  p.  70. 
Billings,  Catalogue  Silurian  Fossils  of  Anticosti,  1866,  p.  48. 
yar.  radiata  Hall,  Twentieth  Rep.  N.  Y.  State  Cab.  Nat.  Hist., 
.  13,  figs.  9-11. 

:port,  Rochester,  etc..  New  York;  Hamilton,  Ontario;  Squa- 
r  Brunswick ;  Waldrouand  Osgood,  Indiana;  Louisville,  Ken- 
rIandGap,  Tennessee;  Bridgeport,  Illinois;  Racine,  Wauwa- 
aukee,  Wisconsin. 

B[all=Delthyri8  raricosta. 

(Conrad).  tOriskany  (Dev.). 

Conrad.  Jour.  Acad.  Nat.  Sci.  Philadelphia,  VIII,  1842,  p.  265. 
fountains  in  Middle  Silurian  limestone.'' 
me  as  Metaplasia  pyxidata  Hall. 

Meek=Beticalarla  fimbriata. 
ins  Marcou.  Upper  Carboniferous. 

bani  Marcou,  Geol.  North  America,  March,  1858,  p.  50,  pi.  7, 

I,  Geol.  Survey  Iowa,  I,  Pt.  II,  December,  1858,  p.  711. 

icosa  McChesney,  New  Pal.  Fossils,  1860,  p.  44 ;— Trans.  Chi- 

,  1, 1868,  p.  35,  pi.  1,  fig.  4. 

erby.  Bull.  Cornell  University,  I,  1874,  p.  15,  pi.  1,  fig.  4; 

.  4,  fig.  12.— Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883, 

—Herrick,  Bull.  Denison  Univ.,  II,  1887,  p.  44,  pi.  2,  fig.  23. 

reta)  opima  Meek,  Pal.  Ohio,  II,  1875,  p.  329,  pi.  19,  figs.  14a- 

Lng's  U.  S.  Geol.  Expl.  40th  Pari.,  IV,  1877,  p.  88,  pi.  9,  fig.  6. 

itana  White,  Wheeler's  Expl.  and  Survey  west  100th  Merid., 

i,  pi.  11,  tig.  9. — Keyes,  Proc.  Acad.  Nat.  Sci.  Philadelphia, 

Jeol.  Survey  Missouri,  V,  1895,  p.  84. 

►ntanat  Whitfield,  Annals  N.  Y.  Acad.  Sci.,  V,  1891,  p.  584,  pi. 

lol.  Ohio,  VII,  1895,  p.  471,  pi.  9,  fig.  20.' 

iW  and  Clarke.  Pal.  New  York,  VIU,  Pt.  II,  1893,  pp.  27,  39, 

;)anyon  of  San  Antonio,  New  Mexico ;  Oquirrh  Range,  Utah ; 
a;  Missouri;  Illinois;  Indiana;  Ohio;  Maryland ;  West  Vir- 
lim  and  Itaituba,  Brazil;  f Chester  group  at  NewtonviUe,  Ohio 


I        J 


I 


[all.  Keokuk  (L.  Carb.). 

Ball,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  641,  pi.  20,  fig.  2. 
!  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  26, 

Iowa. 
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Spirifer  rostellnm  Hall  and  Whitfield.  Niag: 

l^pirifera  rostellam  Hall  and  Whitfield,  Twenty-fourth  Rep.  N.  Y.  Stat 

Hiat.,  1872,  p.  182 ;— Hall,  Twenty-seventh  Rep.  Ibidem,  1875,  pi. 

13. — Nettelroth,  Kentucky  Foesil  Shells,  Mem.  Kentucky  Geol.  Sc 

p.  129,  pi.  29,  fig.  25;  pi.  27,  figs.  17-19. 
Spirifera  (Cyrtia)  rostellom  Foerste,  Proc.  Boston  Soc.  Nat.  Hist.,  X 

p.  313,  pi.  5,  fig.  5. 
l^QC.  Louisville,  Kentucky;  Collinsville,  Alabama. 

Spiiifer  rostratus  Morton.  Upper  Oarlx 

Spirifer  rostrata  Morton,  American  Jour.  Sci.  Arts,  1836,  p.  152,  pi.  14 
Loc.  Junior  Furnace,  Scioto  County,  Ohio. 
Ohs.  Poorly  defined.    May  be  a  species  of  Athyris. 

Spirifer  rugicostus  Hall=Delthyris  rugicosta. 

Spirifer  safFordi  Hall.  Lower  Helderbei 

Spirifer  saflfordi  Hall,  Pal.  New  York,  HI,  1859,  p.  203,  pi.  28,  fig.  2. 
Loc,  Decatur  County,  Tennessee;  Hudson,  New  York. 

Spirifer  scobina  Meek.  Carbi 

Spirifera  scobina  Meek,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1860,  p.  3 
Spirifer  (Spiriferinaf)  scobina  Meek,  Simpson's  Rep.  Expl.  Great  1 

Utah,  1876,  p.  351,  pi.  2,  fig.  5. 
iSplrifera  (Trigonotreta)  scobina  Meek,  King's  U.  S.  Geol.  Expl.  40tl 

1877,  p.  90,  pi.  9,  tig.  1. 
Loc.  Divide  between  Long  and  Ruby  Valleys,  Utah. 

Spirifer  sculptilis  Hall=Delthyris  sculptilis. 

Spirifer  Begmentnm  Hall.  Upper  Helderbei 

Spirifer  segmentus  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  185'i 
8pirifera  segmenta  Hall,  Pal.  New  York,  IV,  1867,  p.  207,  pi.  31,  fi^ 

Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Surv 

132,  pi.  13,  figs.  36-38. 
Loc.  Falls  of  Ohio;  Columbus,  Ohio. 

Spirifer  semiplicatus  Hall=Reticularia  cooperensis. 
Spirifer  setigerus  Hall=Eeticalaria  setigera.  « 

Si>ir]fer  sbeppardi  Oastelnaa=Platystropbia  biforata. 

Spirifer  nllantui  A.  Wincbell.  Waverly  (I 

:^pirifera  sillana  A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  18^ 
Loo.  Near  Cuyahoga  Falls,  Ohio. 

Spirifer  similior  Winchell  and  Marcy.  Niagi 

Spirifera  (Martinia)  similior  W.  and  M.,  Mem.  Boston  Soc.  Nat.  Hii 

p.  93. 
Fentamerus  similior  Hall,  Twentieth  Rep.  N.  Y.  State  Cab.  Nat.  I 

p.  397. 
Loo.  Bridgeport,  Illinois. 
Ohs.  This  shell  has  spirals. 

Spirifer  solidirostris  White=Spiriferina  solidirostris. 

Spiiifer  sowerbyi  Oastelnau  (non  Fischer) = Spirifer  pennatos. 

Spirifer  spinosus  Norwood  and  Pratten=Spiriferina  spinosa. 

Spirifer  striatiformiB  Meek.  Waverly  (I 

Spirifera  (Trigonotreta)  striatiformis  Meek,  Pal.  Ohio,  II,  187.5,  p.  280,  p 
Spirifer  striatiformis  Herrick,  Bull.  Denlson  Univ.,  Ill,  1888,  p.  44,  pi 

pi.  6,  figs.  6,  7;— Geol.  Ohio,  VII,  1895,  pi,  15,  fig.  9. 
Loc.  Sciotoville  and  Licking  County,  Ohio. 
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rcou  (non  Martin) =Spirlfer  marcoai. 

tin ).  Carboniferous. 

Lartin,  Petrefacta  Derbiensia,  1809,  pi.  23. 

vidflon,  Mon.  British  Carb.  Braoh.,  Pal.  Soc,  1857,  p.  19,  pi. 2, 

,  figs.  2-6.-"Whito,  Wheeler's  Expl.  and  Snrvey  west  of  100th 

75,  pp.  88, 134,  pi.  5,  fig.  10.— Hall  and  Whitfield,  King's  U.  8. 

i  Pari.,  IV,  1877,  p.  269,  pi.  5,  figs.  13-15.--Hartt,  Dawson's 

y,  3d  ed.,  1878,  p.  301.— Miller,  Jour.  Cincinnati  Soc.  Nat. 

p.  2. 

ag,  Nevada;  Oquirrh  Mountains,  Utah;  Lake  VaUey  mining 

exico;  Windsor,  Nova  Scotia. 

muatus  Owen=S.  keokak. 

[ticostatns  Toula=Spirifer  condor. 

^licatus  Marcou=Spirifer  camaratns. 

jk.  Devonian. 

ik  (non  Hall),  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1860,  p.  309. 
3ek,  note  appended  to  extras  of  the  paper  mentioned  above. — 
can  Nat.,  XXII,  1888,  p.  1102. 
eek,  Simpson's  Rep.  Expl.  Great  Basin  Terr.  Utah,  1876,  p. 

eta)  strigosa  Meek,  King's  U.  S.  Geol.  Expl.  40th  Pari.,  IV, 

t,fig.5. 

rtah;  Nevada;  Rockford,  Iowa. 


all.  Warsaw  (L.  Carb.). 

Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  663,  pi.  23,  fig. 
I.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  56,  figs.  13, 14.— HaH  and 
svr  York,  VIII,  Pt.  II,  1893,  pp.  26,  36,  pi.  31,  figs.  13, 14. 
»is. 

I  Hall.  Ghemnug  and  Marshall  (Dev.-L.  Carb.). 
3wen,  Rep.  Geol.  Survey  Wisconsin,  Iowa,  and  Minnesota, 

lata  Hall,  Geol.  Snrvey  Iowa,  I,  Pt.  II,  1858,  p.  504,  pi.  4,  fig.  3. 
ta  A.  Winchell,  Proc.  Acad.  Nat.  Soi.  Philadelphia,  1862,  p. 
9,  Cont.  Canatlian  Pal.,  I,  1891,  p.  223. 

Etnd  Bufialo,  Iowa;  Rock  Island,  Illinois;  Naples,  New  York; 
iT,  Canada;   in  the  Marshall  group  at  Port  aux  Barques, 

M  Hall.  Warsaw  (L.  Carb.). 

mis  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  660,  pi.  23,  fig.  6. 
rmis  White,  Twelfth  Ann.  Rep.  U.  8.  Geol.  Survey  Terr.,  1883, 
J.  2. 
;  Spergen  Hill,  Indiana. 

;us  Hall=Syringothyri8  texta. 

I  Whiteaves.  Hamilton  (Dev.). 

ata  Whiteaves,  Cont.  Canadian  Pal.,  I,  1889,  p.  114,  pi.  15, 


IS 


rhamea  River,  Canada. 

McChesney=Spiril'erina  subelliptica. 

^eek=Martinia  sublineata. 

ttu   Hall^  1858  (non  1867)=  Spirifer  subattenuatus. 
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Spirifer  snlmmoronatiui  Hall.  Oriskai 

Spirifer  submncronata  Hall,  Tenth  Rep.  N.  T.  State  Cab.  Nat.  Hist.;  1 

Pal.  New  York,  III,  1859,  p.  419,  pi.  96,  fig.  7. 
Splrifera  submacrooata  Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol., 

figs.  5-7. 
Spirifer  submiicronatus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II, 

36,  pi.  33,  figs.  5-7. 
Loc.  Cnmberland,  Maryland. 
Ohs.  Possibly  the  young  of  Spirifer  cnmberlandia. 

Spirifer  snborbicnlaris  Hall.  Keokak  ( 

Spirifer  suborbicnlaria  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  64^ 
Splrifera  suborbicularis  Meek  and  Worthen,  Geol.  Survey  Illinois,  ' 

523,  pi.  30,  fig.  1. 
Lac,  Keokuk,  Iowa ;  Warsaw  and  Nauvoo,  Illinois. 

Spirifer  subrotandatoB  Hall.  Kinderhook  ( 

Spirifer  subrotundata  Hall  (non  McCoy,  1855),  Geol.  Survey  Iowa,  I, 

p.  521,  pi.  7,  fig.  8. 
Splrifera  subrotundata  Eeyes,  Geol.  Survey  Missouri,  V,  1895,  p.  78- 
Loc,  Burlington,  Iowa;  Sciotoville,  Ohio  (Winchell). 
Ob8,  This  specific  name  was  first  used  by  McCoy  in  1855  but  is  usual 

as  a  synonym  for  S.  pinguis  Sowerby.      De  Koninck,  howe^ 

McCoy's  name  as  late  as  1887. 

Spirifer  substngosns  Webster.  Chemu 

Splrifera  substrigosa  Webster,  American  Nat..  XXII,  1888,  p.  1101. 
Loc,    Near  Rockford,  Iowa. 

Spirifer  subsulcatus  Hall.  Arii 

Spirifer  subsulcata  Hall  (non  Dalman,  1828),  Canadian  Nat.  Geol. 

145. 
Spirifera  subsulcata  Dawson,  Acadian  Geology,  3d  ed.,  1878,  p.  597. 

American  Geol.  and  Pal.,  1889,  p.  376. 
Loc.  Arisaig,  Nova  Scotia. 

Spirifer  snbnmbona  Hall=Martiiiia  subiimboDa. 

Spirifer  subundifera  Meek  and  Worthen=lleticularia  subunc 

Spirifer  subvaricosiis  Hall  and  Whitfield.  f  Hamilt 

Spirifera  subvaricosa  Hall  and  Whitfield,  Twenty-third  Rep.  N.  Y 

Nat.  Hist.,  1872,  p.  237,  pi.  11,  figs.  12-15. 
Loc,  Waterloo,  Iowa. 

Spirifer  subventricosus  McOhesnej^= Spirifer  rockymontana. 
Spirifer  sulcatns  Ha]!— Deltbyris  salcata. 

Spirifer  sulcifer  Shumard.  Upper  Carb 

Spirifer  sulcifera  Shumard,  Trans.  St.  Louis  Acad.  Sci.,  I,  1858,  p. 

fig.  3. 
Loc.  Guadalupe  Mountains,  New  Mexico. 

Spirifer  snperbus  Billings  (non  Eichwald)= Spirifer  billingsai 
Spirifer  taneyensis  Swallow.  Ohonteaa  ( 

Spirifer  taneyensis  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  I,  1860,  p.  ( 
Spirifera  taneyensis  Keyes.  Geol.  Survey  Missouri,  V,  1895,  p.  78. 
Loc.  Taney  County,  Missouri. 

Spirifer  temeraria  Miller =Reticularia  temeraria. 


w 
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Spirifer  tenmcostatiis  Hall.  Keokuk  aud  Warsaw  (L.  Garb.). 

Spirifer  tenniooetata  Hall,  Geo).  Survey  Iowa,  I,  Pt.  II,  1858,  p.  662,  p].  23,  fig.  8. 
Xoc.  Keokuk,  Iowa;  Warsaw  and  Dallas,  IllLnois. 

Spirifer  tennimarginatiui  Hall.  Keokuk  (L.  Garb.). 

Spirifer  tenuimarginata  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  641,  pi.  20, 

fig.  1. 
Spiri&ra  tenuimarginata  Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  57, 

figs.  4-6. 
Spirifer  tenuimarginatus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p. 

38,  pi.  32,  figs.  4,  6. 
Loo.  Warsaw,  lUinois. 

Spirifer  teniuB  Hall.  Hamilton  (Dev.). 

Spirifer  tenuis  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  162. 

Spirifera  tenuis  Hall,  Pal.  New  York,  IV,  1867,  p.  236. 

Loc.  Cumberland,  Maryland. 

Ob9.  Compare  with  Spirifer  granulosus  Conrad. 

Spirifer  tenuispinatus  Herrick=:Beticnlaria  tenuispiuata. 
Spirifer  tenuistriatus  Shaler  (non  Hall) = Spirifer  radiatus. 

Spirifer  tenuistriatufl  Hall.  Lower  Helderberg  (Dev.). 

Spirifer  tenuistriata  Hall,  PIkl.  New  York,  III,  1859,  p.  201,  pi.  28,  fig.  3. 
Spirifera  tenuistriata  Hall,  Second  Ann.  Hep.  N.  Y.  State  Geol.,  1883,  pi.  61,  fig.  8. 
Spirifer  tenuistriatus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi.  36, 

fig.  8. 
Loc.  Decatur  County,  Tennessee. 

Spirifer  tezasanns  Meek.  Upper  Carboniferous. 

Spirifer  (Trigonotretaf)  texana  Meek,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1871, 

p.  179. 
Spirifer  (Trigonotretaf)  texanus  Meek,  Macomb's  Rep.  Expl.  Exped.  from  Santa 

Fe  to  the  Great  Colorado  of  the  West,  1876,  p.  139,  pi.  3,  fig.  5. 
Spirifera  multigranosa  Worthen,  Geol.  Survey  Illinois,  VIII,  1890,  p.  105,  pi.  11, 

i^g.  5. 
Spirifer  texanus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  26,  38, 

pi.  37,  figs.  16, 17. 
Loc.  Young  and  Jack  counties,  Texas ;  Springfield,  Illinois. 

Spirifer  textus  Hall=Syringothyri8  texta. 

Spirifer  translatus  SwaUow=Reticularia  translata. 

Spirifer  transversus  McGhesney=SpiriferiDa  traus versa. 

Spiriftr  tribulis  Hall.  Oriskauy  (Dev.). 

Spirifer  tribulis  Hall,  Pal.  New  York,  III,  1859,  p.  420,  pi.  96,  fig.  8;— Second 
Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  58,  figs.  1-4.— Hall  and  Clarke,  Pal.  New 
York,  Vni,  Pt.  II,  1893,  pp.  19,  37,  pi.  33,  figs.  1-4. 

Loo.  Cumberland,  Maryland. 

Ob%.  Possibly  the  youug  of  Spirifer  murchisoni. 

Spirifer  trigonalis  (Martin).  Carboniferous. 

Anomites  trigonalis  Martin,  Petrefacta  Derbiensia,  tab.  36,  1809,  fig.  1. 
Spirifera  trigonalis  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  215,  pi.  18, 

fig.  11. 
Loc.  Europe;  Eureka  district,  Nevada. 

Spirifer  triplicatus  Hall= Spirifer  camaratus. 

Spirifer  triradialis  Meek  (non  Phillips) = Spirifer  agelaius. 
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Spirifer  troosti  Gastelnau.  f  FormatioQ. 

Spirifer  trooeti  Castelnau,  Essui  Syst^me  Silurlen  rAm6rique  SepteAtrionaley 

1843,  p.  41,  pi.  12,  fig.  5. 
Loc.  **  Kentucky." 

Spirifer  tnllius  Hall.  Hamilton  (Dev.)- 

Spirifera  tuUia  Hall,  Pal.  New  York,  IV,  1867,  p.  218,  pi.  35,  figs.  1-9;— Second 

Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  52,  fig.  18. 
Spirifera  tullia  yar.  Whiteavee,  Cont.  Canadian  Pal.,  I,  1891,  p.  224,  pi.  32,  fig.  1. 
Spirifer  tnllius  Hall  and  Clarke,  Pal.  New  York,  VIU,  Pt.  II,  1893,  pp.  14,  35,  pi. 

22,  fig.  18;  pi.  37,  figs.  6,  7. 
Loc,  Tully,  Apulia,  etc.,  New  York;  Athabasca  River,  Canada. 

Spirifer  tumidus  Baylft  and  Goquaiid=Spiriferina  rostrata. 
Spirifer  undiferus  Eoemer=lleticalaria  undifera. 
Spirifer  unica  Hall = Spirifer  arenosus. 

Spirifer  nrbannB  Calvin.  Hamilton  (Dev.). 

Spirifera  urbana  Calvin,  Bull.  Lab.  Univ.  of  Iowa,  1888,  p.  28.— Bull.  Lab.  Nat. 

Hist.  State  Univ.  Iowa,  II,  1892,  p.  166,  pi.  12,  fig.  1. 
Loc,  Iowa  City  and  Linn  County,  Iowa. 

Spirifer  utabensis  Meek=Cyrtia  uorwoodi. 

Spirifer  valenteana  Rathbun.  Middle  Devonian. 

Spirifera  valenteana  (Hartt  MS.)  Rathbun,  Bull.  Bnfi'alo  Soc.  Nat.  Sci.,  1, 1874,  p. 

241,  pi.  8,  fig.  11. 
Loo.  Erere,  Province  of  Para,  Brazil. 

Spirifer  yannzemi'Hall.  Tentaculite  (SiL). 

Orthis  plicata  Vannxem  (non  Sowerby),  Geol.  New  York ;  Kep.  Third  Dist.,  1842, 
p.  112,  fig.  1. 

Orthisf  (Delthyris)  plicatus  Hall,  Ibidem,  Fourth  Dist.,  1843,  p.  142,  fig.  1. 

Spirifer  vanuxemi  Hall,  Pal.  New  York,  III,  1859,  p.  198,  pi.  8,  tigs.  17-23;— Sec- 
ond Rep.  N.  Y.  State  Geol.,  1883,  pi.  61,  tig.  11.— Hall  and  Clarke,  Pal.  New 
York,  VIII,  Pt.  II,  1893,  pp.  19,  36,  pi.  36,  fig.  11.— Whitfield,  Geol.  Ohio, 
VII,  1895,  p.  411,  pi.  1,  figs.  4,  5. 

Spirifera  vanuxemi  Whitfield,  Annals  N.  Y.  Acad.  Sci.,  V,  1891,  p.  509,  pi.  5, 
figs.  4, 5. 

Loc,  Albany  and  Schoharie  counties,  New  York ;  Put  in  Bay  Island,  Lake  Erie. 

Obs,  Vanuxem's  specific  name  is  restored,  since  Sowerby's  species  is  an  Orthis. 

Spirifer  varicosuB  Hall.  Corniferous  (Dev.). 

Spirifer  varioosa  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  130. 

Spirifera  varicosa  Billings,  Canadian  Jour.,  VI,  1861,  p.  255,  figs.  63,  64; — Geol. 
Canada,  1863,  p.  960,  fig.  467.— Hall,  Pal.  New  York,  IV,  1867,  p.  205,  pi.  31, 
figs.  1-4;— Second  Rep.  N.  Y.  State  Geol.,  1883,  pi.  59,  figs.  4-8.— Walcott,  Mon. 
U.  S.  Geol.  Survey,  VIII,  1884,  p.  136.— Nettelroth,  Kentucky  Fossil  Shells, 
Mem.  Kentucky  Geol.  Survey,  1889,  p.  134,  pi.  10,  figs.  11-20,23-25. 

Spirifer  varicosus  Hall  and  Clarke,  Pal,  New  York,  VIII,  Pt.  II,  1893,  pp.  17,  36, 
pi.  34,  figs.  4-8. 

Loc,  Williamsville,  New  York;  Woodstock,  Canada;  Columbus,  Ohio;  Louis- 
ville, Kentucky ;  Eureka  district,  Nevada. 

Spirifer  ventricosa  Hall=Niicleospira  ventricosa. 
Spiriler  venustus  Hall=Spirifer  divaricatus. 

Spirifer  yemoneiuds  Swallow.  Chouteau  (L.  Garb.). 

Spirifer  vemonensis  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  I,  1860,  p.  644.— A. 

Winchell,  Proo.  Acad.  Nat.  Sci.  Philadelphia,  1865,  p.  119. 
Loc.  St.  Louis  County,  Missouri. 
Ob$.  Regarded  by  Keyes  as  a  synonym  for  S.  marionensis. 
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arkenaifl  Swallow,  Chonteati  (L-Carb.)- 

rar.  ozttrketislFs  SwuUow,  Trfmw.  ^t,  l^uui  Ac!»d,  ScL,  I,  1860, 

MiBaouri, 

evea  fts  a  aynotiyDi  for  S>  ui&ritmijQtfiA, 

[heuou.  Mtdfile  Devontau. 

AmmoB,  ZeitH.  Oe«ell.  niv  Enlk.,  BecHn,  XXVUI,  1893»  p. 

s  Miller  and  Dyer^Mimiilus  wiildroiieimirit. 

A,  WiuebelL  Waverly  (U  Carb.)- 

s  A.  WiDcbell,  Ptoc.  Amer.  Phil.  Sw%,  Xll,  1^0,  p.  i25i* 
r  (A.  Winc)]«irBMS.>^ 

L  Cliamuiig  (De?,). 

1*11,  Geol  Survey  iowi^,  1,  Pt.  II,  18&8,  p.  503,  pL  4,  fig.  2,— 
,  Pal.  New  Vork,  VUI,  Pi.  II,  189:i,  pp.  24, 57,  pi.  30,  IigB.  l»,  19. 
Hull,  Piil.  Now  York,  IV,  imi,  pp.  20,  417;— 8«cond  Rep. 
.,1883,  pL  55,  lig^.  18, 19.— TscUmiiyNchew,  Jl^ru.  dii  Comit^S 
irsbourg,  111,  18S7,  p.  64). 
i;  Nortli   ^^Aj^^kjitchewan,  CuuiMltt;  Rtuiata, 

1  and  Clarke*  Obemuag  (Dev,), 

all  and  Clarke,  Pal.  How  Yi>rk,  Vm,  Pt.  11,  1^5,  p.  ^1,  pl- 

ty.  New  Yorki 

rick*  Waverly  (L,  Carb,). 

lorrick,  Bull.  DeQiBon  Univ.,  Ill,  1888,  p.  4t5,  pL  5,  iiga,  2,  3; 
etd.  Ohio,  Vll,  18115,  pL  21,  tigB.  2,  3. 

Scbuchert  '  Oriebaiiy  (I>ev<), 

1  Meek  and  Worthtia  (non  Meek,  1**60),  Geol,  Snrvuy  IlliDols, 
pl.8,  fi^.  5. 
leek  (non  Hall.  lS57)t  King^u  U.  S.  Geol,  ExpL-AOth  Perl.,  IV, 

a  SehticUert,  Ninth  Ann,  Rep.  N,  Y.  Stat©  Geol,,  1890,  p.  &i. 
IllinoiH. 

'ek  (lion  HaU)=Spirifer  wortlienanua, 

L  IlamiltoQ  (Dev.), 

all.  Tenth  Rep.,  N.  Y.  State  Cab.  Nat,  Hlat.,  mS7,  p.  150.— 
,  Pal.  New  Yorkj  YlII,  Pt.  II,  1895,  pi.  27,  Mkh*  I^J,  20. 
y^  Illinois. 

uoo  Eoemer)=I)elthyritj  tionsobrina. 

[?e  BpirUbr  walcotti  Bowerby=8.  rostrata  (Scblot- 
m). 

ly,  Paris  Acad.  Sd,,  Compter  Kendus,  XXV,  1847,  p.  268;— 
till,  1850,  p.  33^1.— White,  Proe.  Boatuu  Soi^  Nat.  Hiat,  IX, 
lagen,  Pahi^ontologiea  Indica,  Ser*  XIII,  I,  IHM^,  p.  498.— PI  all 
.  New  York,  VIII,  Pt.  II,  1893,  p,  51  j— Thirteeatk  Ann.  Hep. 
log i at,  1895;  p,  764. 
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Spiiiferina  acicnlifera  (Bowley).  Einderhook  (L.  Garb.)- 

Spirifera  aoicullfera  Bowley,  Amerioan  Geologist,  XII,  1893,  p.  907 ;— Ibidem^ 

1893,pl.  14,  fig8.  13, 14. 
Lao.  LooisiaDa,  Mijssouri. 

Spiriferina  (1)  alia  Hall  and  Whitfield.  Triassic. 

Spirifera  (Spiriferina  f)  alia  Hall  and  Whitfield,  King's  U.  8.  Geol.  Expl.  4ath 

Pari.,  IV,  1877,  p.  281,  pi.  6,  fig.  17. 
Loo.  Dun  Glen  Pass,  Pah-Ute  Range,  Nevada. 

Spixiferina  billingii  Shumard.  Upper  Oarbonifietroas. 

Spiriferina  billingsi  Sbumard,  'fraus.  St.  Louis  Acad.  Sci.,  I,  1858>  p.  294, 391. 
Xoc.  Guadalupe  Mountains,  New  Mexico  and  Texas. 

Spirifeiina  binacnta  A.  Winchell.  Burliiigton  (L.  Garb.). 

Spiriferina  binacuta  A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1865,p.  120. 
Loo.  Burlington,  Iowa. 

Spiriferina  borealis  Whiteaves.  Triassic. 

Spiriferina  borealis  Whiteaves,  Gout.  Canadian  Pal.,  1, 1888,  p,  128»  pi.  17,  fig.  1, 

abstract. 
Loo.  Liard  River,  Canada. 

Spiriferina  clarksvillensiB  A.  Winchell.  Ghouteau  (L.  Garb.). 

Spiriferina  olarksvillensis  A.  Winchell^  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1865, 

p.  119. — Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  85. 
Loo.  Clarksville,  Missouri. 

Spiriferina  cristata  Walcott=S.  spinosa. 

Spiriferina  oristata  (Schlotheim).  Upper  Garboniferoas. 

Terebratulites  cristatus  Schlotheim,  Beit,  zur  Naturg.  der  Verst.;  Akad.  der 

Wlss.  zu  Munchen,  1816,  pi.  1,  fig.  3. 
Spirifer  octoplicataf  Hall  (non  Sowerby),  Stansbory's  Exped.  Great  Salt  Lake 

of  Utah,  1852,  p.  409,  pi.  4,  fig.  4. 
Spirifer  kentuckyensis  Shumard,  GeoL  Survey  Missouri,  I,  1856,  p.  208. — Hall, 

Pacific  Railroad  Rep.,  Ill,  1856,  p.  102,  pi.  2,  figs.  10,  11.— Meek  and  Hay- 
den,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1859,  p.  27. 
Spiriferina  cristata  Davidson,  Quart.  Jour.  Geol.  Soc.  London,  1863,  p.  170,  pi. 

9,  fig.  6.— Dawson,  Acadian  Geol.,  3d  ed.,  1878,  p.  291,  fig.  90.— -Waloott,  Mon. 

U.  S.  Geol.  Survey,  VIII,  1884,  p.  218,  pi.  18,  figs.  12,  13.— Smith,  Proc. 

American  Phil.  Soc,  XXV,  1897,  p.  32. 
Spirifer  laminosus  Geinitz  (non  McCoy),  Carb.  und  Dyas  in  Nebraska,  1866,  p. 

45,  pi.  3,  fig.  19. 
Spirifer  kentuckyensis  var.  propatulus  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  II, 

1866,  p.  489. 
f  Spiriferina  octoplicata  Toula,  Sitzungsb.  der  kais.  Akad.  der  Wissenscb.  zo 

Wien,  LIX,  1869,  p.  5. 
Spiriferina  kentuckyensis  Meek,  Final  Rep.  U.  S.  Geol.  Survey  of  Nebraska, 

1872,  p.  185,  pi.  6,  fig.  3;  pi.  8,  fig.  11.— White,  Wheeler's  Expl.  and  Survey 

west  100th  Meridian,  IV,  1875,  p.  138,  pi.  10,  fig.  4;— Thirteenth  Rep.  Indiana 

State  Geol.,  1884,  p.  135,  pi.  35,  figs.  13, 14.— Keyes,  Proc.  Acad.  Nat.  Sol. 

Philadelphia,  1890,  p.  231.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II, 

1893,  p.  52,  fig.  41,  pi.  29,  fig.  17.— Keyes,  Geol.  Survey  Missouri,  V,  1895, 

p.  86. 
Spiriferina  cristata f  Etheridge,  Quart.  Jour.  Geol.  Soc.  London,  XXXIV,  1878, 

p.  629. 
Spirifer  (Spiriferina)  kentuckyensis  Hall,  Second  Rep.  N.  Y.  State  Geol.,  1883, 

pi.  61,  figs.  14-16. 
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SpixillnmiA  eriftata  (ScUotheim)— Gontinued. 

Xoe.  Europe;  Kentucky;  Indiana;  niinoie;  Missouri;  Iowa;  Kansas;  Arkansas; 
Nebraska;  Texas;  New  Mexico;  Utah;  Arizona;  Nevada;  Nova  Scotia;  Cape 
Joeeph  Henry,  lat.  82^  43' ;  near  Coohabamba,  Bolivia. 
Ob$,  See  Spiriferina  oetoplicata  and  S.  norwoodana. 

Spiriferina  depressa  Herrick.  Waverly  (L.  Garb.). 

Spiriferina  depressa  Herrick,  Bnll.  Denison  Univ.,  Ill,  1888,  p.  47,  pi.  10,  fig.  3. 
Loe.  Near  Granville,  Ohio. 

Spiiifeiina  g(mioiiotiu  Meek.  Upper  Oarboniferons. 

Spiriferina  sp.  nndet.  Meek,  King's  U.  S.  Geol.  Expl.  40th  Pari.,  lY,  1877,  p.  84, 

pi.  8,  fig.  6. 
Spiriferina  gonionota  Meek,  Ibidem,  1877,  at  end  of  description. 
Loe.  Diamond  Mountains,  Nevada. 
Obs.  Compare  with  Spiriferina  laminosa  (McCoy). 

Spiriferina  homfrayi  (Gabb).  Triassic. 

Spirifer  f  homfrayi  Gabb,  Geol.  Survey  California,  Pal.,  1, 1864,  p.  36,  pi.  6,  fig.  38. 
Spiriferina  homfrayi  Hall  and  Whitfield,  King's  U.  S.  Geol.  ExpL  40th  Pari.,  IV, 

1877,  p.  281,  pi.  6,  fig.  18. 
Loe,  Star  Canyon,  Humboldt  County,  Nevada;  Dun  Glen  Pass,  Pah-Ute  Bange, 

Nevada. 

Spiriferina  kentackyensis  Shumard=Spiriferina  cristata. 
Spiriferina  kentuckyensis  propatala  Swallow=Spiriferina  cristata. 

Spiriferina  cfr.  muntteri  Davidson.  Jarassic. 

Spiriferina  cf.  mnnsteri  (Dav.)  Morioke,  Neues  Jahrbnch  f.  Mineral.,  Beilage- 

band,  IX,  1894,  p.  60. 
Loe.  Europe;  Cordillere  of  Copiapo,  Chile. 

Spiriferina  norwoodana  (Hall).  Warsaw  (L.  Garb.). 

Spirifer  norwoodana  Hall,  Trans.  Albany  Inst.,  lY,  1858,  p.  7. 

Spiriferina  norwoodana  Whitfield,  American  Mus.  Nat.  Hist.,  1, 1882,  p.  48,  pi.  6, 

figs.  16, 17.— Hall,  Twelfth  Rep.  State  Geol.  Indiana,  1883.  p.  327,  pi.  29, 

figs.  16, 17. 
Loe.  Spergen  Hill,  Indiana;  Alton,  Illinois;  Princeton,  Kentucky. 
Obs.  Probably  identical  with  Spiriferina  cristata. 

Spiriferina  obtusa  (Gabb).  Triassic. 

Spiriter  obtnsus  Gabb,  American  Jour.  Conch.,  V,  1870,  p.  17,  pi.  7,  fig.  16. 
Loe,  "Volcano,"  Nevada. 

Spiriferina  oetoplicata  (Sowerby).  npi>er  Carboniferous. 

Spirifer  oetoplicata  Sowerby,  Mineral  Conch.,  1827,  p.  120,  pi.  562,  figs.  2-4. 
Spiriferina  cristata  var.  oetoplicata  Davidson,  Men.  British  Carb.  Brach.,  Pal. 

Soc.,  1857,  p.  38,  pi.  7,  figs.  37-47. 
Spiriferina  spinosa  var.  campestris  White,  Wheeler's  Expl.  and  Survey  west 

100th  Merid.,  Prel.  Rep.,  1874,  p.  21. 
Spiriferina  oetoplicata  White,  Ibidem,  Final  Rep.,  1875,  p.  139,  pi.  10,  fig.  8. 
Loe.  Europe;  Santa  Fe,  New   Mexico;  northern    Colorado;  Lincoln    County, 

Nevada. 
Oba,  Probably  identical  with  Spiriferina  cristata. 

Spiriferina  pnlchra  Meek.  Upper  Carboniferous. 

Spirifera  pulchra  Meek,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1860,  p.  310. 
Spiriferina  pulchra  Meek,  Pal.  Upper  Missouri,  Smithsonian  Cent,  to  Knowl., 

XIV,  1864,  172,  p.  19;— King's  U.  S.  Geol.  Expl.  40th  Pari.,  IV,  1877,  p.  86, 

pi.  8,  fig.  1;  pi.  12,  fig.  12. 
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Spiriferma  pnlohra  Meek — Continued. 

Spirifer  (Spiriferlna)  palcher,  Meek.    Simpson's  Rep.    Ezpl.  Great  Basin  Torr. 

Utah,  1876,  p.  352,  pi.  2,  fig.  1. 
Xoc.  White  Pine  district,  Nevada;  Long  and  Ruby  yalleys,  Utah. 

Spinferma  roitrata  Schlotheim.  Jnrassic. 

Spirifer  chilensis  Forbes,  Darwin's  Geol.  Observations  S.  America,  1846,  p.  267, 

pi.  5,  figs.  15,  16. 
Spirifer  lingniferoides  Forbes,  Ibidem,  1846,  p.  267,  pi.  5,  figs.  17, 18. 
Spirifer  tnmidns  Bayle  and  Coqaand,  M^m.  G6ol.  Soo.  France,  ser.  ii,  IV,  1851, 

p.  19,  pi.  7,  figs.  11,  12. 
Spirifer  chilensis  and  rostratus  Bnrmeister  and  Geibel,  Abh.  Naturf.  Gesell. 

Halle,  VI,  1862,  p.  125. 
Spiriferina  rostrata  (Schl.)  Moricke,  Neoes  Jahrb.  f.  Mineral.,  Beilageband,  IX, 

1894,  p.  59. 
Loc.  Europe ;  Sierra  de  la  Ternera,  Las  Amolanes,  Rio  Claro,  Tres  Cmoes,  Manflae, 

Cordillera  de  Guasco,  and  Juntas,  Chile. 

Spiriferma  lolidiiostris  White.  Kinderhook  (L.  Garb.). 

Spirifer  solidirostris  White,  Jour.  Boston  Soc.  Nat.  Hist.,  VII,  1860,  p.  232. 

Spiriferina  solidirostris  White,  Ibidem,  IX,  1862,  p.  24.— A.  Winchell,  Proc, 
Acad.  Nat.  Sci.  Philadelphia,  1865,  p.  120.— Herrick,  Bull.  Denison  Univ., 
Ill,  1888,  p.  47,  pi.  2,  figs.  9-11 J  pi.  5,  fig.  13;— Geol.  Ohio,  VII,  1895.  pi.  21, 
fig.  13. 

Loc.  Burlington,  Iowa;  Hamburg,  Illinois;  Newark  and  Sciotoville,  Ohio. 

Spiriferina  Bpinosa  (Norwood  and  Pratten).  Kaskaskia  (L.  Garb.). 

Spirifer  spinosa  Norwood  and  Pratten,  Jonr.  Acad.  Nat.  Sci.  Philadelphia,  2d 

ser.,  Ill,  1856,  p.  71,  pi.  9,  fig.  1.— Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858, 

p.  706,  pi.  27,  fig.  5. 
Spiriferina  spinosa f  Derby,  Bull.  Cornell  Univ.,  1, 1874,  p.  23,  pi. 6,  figs. 8, 13, 14. 
Spiriferina  spinosa  Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  60,  figs. 

26-29. 
Spiriferina  cristata  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  218,  pi.  18, 

figs.  12, 13.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  52-54,  pi. 

35,  figs.  26-29. 
f  Spiriferina  spinosa  Herrick,  Bull.  Geol.  Soo.  America,  II,  1891,  p.  46,  pi.  1, 

fig.  19. 
Loc,  Kaskaskia,  Alton,  and  Chester,  Illinois;  Bloomington,  Indiana;  Crittenden 

County,  Kentucky ;  Itaituba,  Brazil. 

Spiriferina  spinosa  campestris  White=Spiriferina  octoplicata. 

Spiriferina  snbelliptica  (McChesney).  Keokuk  (L.  Garb.). 

Spirifer  subelliptioa  McChesney,  New  Pal.  Fossils,  1860,  p.  43. 
Spiriferina  subelliptioa  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p. 

54,  pi.  35,  figs.  21,  22. 
Loc,  Buttonmould  Knob,  Kentucky ;  New  Providence,  Indiana. 

Spiriferina  snbtexta  White.  Burlington  (L.  Carb.). 

Spiriferina  f  subtezta  White,  Proc.  Boston  Soc.  Nat.  Hist.,  IX,  1862,  p.  25. 
Loc,  Burlington,  Iowa. 

Spiriferina  transversa  (McChesney).  Kaskaskia  (L.  Garb.). 

Spirifer  transversa  McChesney,  New  Pal.  Fossils,  1860,  p.  42; — ^Trans.  Chlca^ 
Acad.  Sci.,  I,  1868,  p.  34,  pi.  6,  fig.  3.— Hall,  Second  Rep,  N.  Y.  State  Geol.| 
1883,  pi.  60,  figs.  19-22. 
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nrersa  (McGhesney) — Gontinaed. 

ansTena  Derby^  Boll.  Cornell  Uuiv.,  I,  1874,  p.  21,  pi.  2,  figs.  4,  5, 
13,  figs.  12-14,  17;  pi.  5,  fig.  4.— Hall  and  Clarke,  Pal.  New  York, 
II,  1893,  pp.  46,  64,  pi.  35,  figs.  19,  20,  23-25. 
B  Roost,  Alabama;  Litchfield,  Kentacky;  Bonvjardim  andltaituba, 

bigny=Athyri8. 

3a  A.  Winchell=Athyri8  foltonensis. 

[)sulcata  Wliite  (non  Phillips) =Cleiothyris  crassicardi- 

i  Waagen.  Genotype  S.  derbyi  Waagen. 

^aagen,  Palseontologica  Indica,  Ser.  XIII,  1, 1883,  p.  450. — Hall  and 
al.  New  York,  VIII,  Pt.  II,  1893,  p.  98 ;— Thirteenth  Ann.  Rep.  N.  Y. 
logist,  1895,  p.  782. 

tiyi  Waagen.  Upper  Garboniferous. 

lita  (partim)  Derby,  Bnll.  Cornell  Univ.,  I,  1874,  p.  7,  pi.  1,  fig.  7 

>ther  fignres). 

lerbyi  Waagen,  Palseontologica  Indica,  Ser.  XIII,  1, 1883,  p.  453,  pi. 

i-7,  9-13;  pi.  37,  figs.  11-13.— Hall  and  Clarke,  Pal.  New  York, 

II,  1893,  p.  99,  fig.  73. 

im  and  Itaitnba,  Brazil. 

iShlert  (non  Gonrad  or  Hall)=Gamarophoria. 

.  Conrad.    Genotype  Terebratulites  scblotheimii  Gonrad 

(non  von  Bach)=Ehynchonella  formosa  Hall, 
onrad.  Second  Ann.  Rep.  N.  Y.  Geol.  Survey,  1839,  pp.  58,  59. — 
Hayden  (partim).  Pal.  Upper  Missouri,  Smithsonian  Cont.  to  Knowl., 
1864,  p.  16,  footnote.— Hall,  Pal.  New  York,  IV,  1867,  pp.  334, 335.— 
Palseontologica  Indica,  Ser.  XIII,  1, 1883,  pp.  411, 431,  436.— Miller, 
(an  Geol.  and  Pal.,  1890,  p.  337.— HaU  and  Clarke,  Pal.  New  York, 
LI,  1893,  p.  187 ;— Thirteenth  Ann.  Rep.  N.  Y.  State  Geol.,  1895,  p.  826. 
7e  synonymy  is  retained  for  historical  purposes.  The  only  species 
>  genus  by  Hall  and  Clarke  is  the  type  species,  Rhynchonella  for- 
ich  seems  to  be  nothing  more  than  a  Rhynchotrema.  This  will 
loehisma  without  a  species.  This  name,  however,  should  not  dis- 
er  Rhynchotrema  or  Camarotoechia,  since  it  was  not  defined,  and  in 
to  this  was  founded  by  Conrad  upon  an  erroneous  identification, 
he  view  of  (Ehlert  be  adopted,  i.  e.,  that  Stenochisma  should  dis- 
larophoria  King,  because  Conrad  gave  as  the  type  C.  schlotheimii. 
e  did  not  apply  to  von  Buch's  species,  but  to  the  shell  now  known 
tionella  formosa  Hall. 

B  formerly  referred  to  Stenochisma  will  be  found  under  Camarotoe- 
pt  R.  formosa,  which  is  referred  to  Rhynchotrema. 

11, 1867  (non  Gonrad,  1839,  Hall,  1867)=Zygo8pira. 

idson.  Genotype  Terebratula  grayi  Davidson, 

ison,  Geol.  Mag.,  VIII,  1881,  p.  150,  pi.  v,  fig.  13.— Hall  and  Clarke, 
York,  VIII,  Pt.  I,  1892,  p.  274 ;— Eleventh  Ann.  Rep.  N.  Y.  State 
,  1894,  p.  289. 

>avidson.  l^iagara  (Sil.). 

rayii  Davidson,  Bull.  Soc.  G^oL  France,  2d  ser.,  V,  1848,  p.  331,  pi. 
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BtreptiB  grayi  Davidson — Oontinaed. 

Atrypaf  grayi  DavidBon,  British  Sil.  Braoh.,  PaleontograpMoal  Soo.  (1866),  1867, 

p.  141,  pi.  xiii,  figs.  14-22. 
Streptis  grayi  Williams,  Amerioan  Jour.  Sci.,  3d  ser.,  XLVUI,  1894,  p.  331. 
Loc,  England;  Batesyille,  Arkansas. 

Streptis  waldronensis  Beecher  and  Clarke  =sMimalas  waldronensis. 
STBEPTOEHTHCEVS  King. 

Genotype  Terebratulites  pelargonatas  Schlotheim. 
Streptorhynobns  King,  Mou.  Permian  Fossils,  Pal.  Soc,  1850,  p.  107.— Derby 
(partim),  BuU.  Cornell  Univ.,  I,  1874,  pp.  32,  39.— Hall  and  Clarke,  Pal.  New 
York,  Yin,  Pt.  I,  1892,  p.  267;— Eleventh  Ann.  Rep.  N.  T.  State  Geologist, 
1894,  p.  288. 

Streptorhynchus  sBqaivalvis  Hall=Ortliothetes  insequalis. 
Streptorhynchas  agassizi  Rathban=Orthothetes  agassizi. 
Streptorhynchus  approximata  James=Strophomena  approximata. 
Streptorhynchus  arctostrlata  Waloott=Orthothete8  chemongensis  arc- 

tistriatus. 
Streptorhynchus  biloba  Hall=Derbya  biloba. 
Streptorhynchus  cardinale  Whitfield =Strophomena  cardinalis. 
Streptorhynchus  chemungensis  Hall=Orthothetes  chemungensis. 
Streptorhynchus  coreanus  Derby=Derbya  correana. 
Streptorhynchus  crenistria  Keyes  (non  Phillips) =Derbya  crassa. 
Streptorhynchus  crenistrius  American  authors=Orthothetes  crenistria. 
Streptorhynchus  elougatus  James=Strophomena  rugosa. 
Streptorhynchus  filitextus  Hall=Strophomena  incurvata. 
Streptorhynchus  flabellum  Whitfield=Orthothetes  flabellum. 
Streptorhynohiu  hallianiu  Derby.  Upper  Carboniferous. 

Streptorhynchus  halliauus  Derby,  BuU.  Cornell  Univ.,  I,  1874,  p.  35,  pi.  5,  figs. 

1, 2, 5, 8, 12, 14, 16, 18 ;  pi.  8,  fig.  3.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt  I, 

1892,  p.  268,  pi.  11,  figs.  6--17. 
Loc.  Bomjardim  and  Itaituba,  Brazil. 

Streptorhynchus  hallanum  Miller =Strophomena  halli. 
Streptorhynchus  hemiaster  Winchell  and   Marcy=Orthothetes  sub- 

planus. 
Streptorhynchus  hydranlicum  Whitfield = Or thothetes  hydraulicus. 
Streptorhynchus  insequalis  Winchell =Orthothetes  insequalis. 
Streptorhynchus  inflatus  White  and  Whitfield =Orthothete8  inflatus. 
Streptorhynchus  lens  White =Orthothetes  lens. 
Streptorhynchus  minor  Walcott=Strophomena  minor. 
Streptorhynohiu  (1)  multlBtriata  (Meek  and  Hayden). 

Upper  Carboniferous. 
Orthisina  nmbraculum  f  Meek  and  Hayden,  Proc.  Acad.  Nat.  Sci.  Philadelphia, 

1859,  p.  26. 
OrthlHina  multistriata  Meek  and  Hayden,  Ibidem,  1859,  at  end  of  description. 
Loc,  Fort  Riley,  Kansas. 

Streptorhynchus  neglectus  James =Strophomena  neglecta. 
Streptorhynchus  occidentalis  Newberry=Meekella  occideutalis. 
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ins  pandora  BilliDg8=Orthothetes  pandora. 

LQS  peryersu3=Orthotbete8  chemungensis  perversas. 

lus  planoconvexus  HallsStrophomena  planiconvexa. 

Lus  planumbonus  Hall=Strophomena  rugosa. 

lUS  primordiale  Whitfield =Billing8ella  primordialis. 

ms  pyramidalis  Newberry=Meekella  pyramidalis. 

lus  robasta  Hall=:Derbya  robasta. 

LUB  sabplanns  HaIl=Orthothete8  sabplanus. 

lUS  subsalcatnm  Sarde8on=Strophomena  scofieldi. 

ins  sabtenta  Hall,  1883=Strophomena  trentonensis. 

ins  tapajotensiB  Derby=Orthothetes  tap^otensis. 

lUS  tennis  Hall=Orthothetes  tennis. 

B  nlrichi  Hall  and  Clarke.  Kaskaskia  (L.  Garb.), 

jhus  nlrichi  HaH  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pp. 
pi.  IIB,  fig.  15. 
ien  County,  Kentucky. 

tus  nmbracnlum  Winchell=OrthotheteB  nmbraculum. 

ins  vetnsta  James=Strophoinena  vetusta. 

ins  woolwortbianns  Hall=Ortliothetes  woolworthianns. 

(ill]ugs='Strieklandinia. 

rachne  Billings=Syntrophia  arachne. 

rethnsaBillings=Syntrophia'arethnsa. 

[HIA  BiUings.        Oenotype  Stricklandia  gaspensis  Bill. 

Billings,  Canadian  Nat.  and  Geol.,  IV,  1859,  p.  132;— Canadian 
VI,  1861,  p.  265;— Pal.  Fossils,  I,  1862,  p.  84;— Proc.  Portland  Soc. 
b.,  1863,  p.  114.— Waagen,  Palaeontologica  Indica,  Ser.  XIII,  I,  1883, 

ia  BiHings,  Canadian  Nat.  and  Geol.,  VIII,  1863,  p.  370.— Hall,  Twen- 
p.  N.  Y.  State  Cab.  Nat.  Hist.,  1867,  p.  160;— Pal.  New  York,  IV, 
^.—Billings,  Pal.  Fossils,  II,  1874,  p.  78.— Nettelroth,  Kentucky 
lells,  Mem.  Kentucky  Geol.  Snrvey,  1889,  p.  64. — Hall  and  Clarke, 
York,  VIII,  Pt.  II,  1893,  p.  249;— Thirteenth  Ann.  Rep.  N.  Y.  State 
t,  1895,  p.  847. 

mticostiensis  Billings.  '  Anticosti  (Sil.). 

ia  anticostieosis  Billings,  Canadian  Nat.  and  Geol.,  VIII,  1863,  p. 
11  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  251,  pi.  73, 
4. 
ti. 

Eiillinggana  Dawson.  Arisaig  (Sil.). 

ia  billingsiana  Dawson,  Canadian  Nat.  and  Geol.,  2d  ser.,  IX,  1880, 


i! 


I 


;otia. 

brevis  Billings.  Anticosti  (Sil.). 

>ciesf  Hall,  Pal.  New  York,  H,  1852,  p.  66,  pi.  22,  fig.  3. 

brevis  Billings,  Canadian  Nat.  and  Geol.,  IV,  1859,  p.  135. 

ia  brevis  Billings,  Pal.  FossHs,  II,  1874,  p.  84,  pi.  6,  fig.  2.— Hall 

ke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  251. 

ti ;  f  SoduB,  Wayne  County,  New  York. 
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Strioklandixiia  caaadaensis  BilliDgs.  Clinton  (Sil.). 

Stricklandia  canadensis  Billing,  Canadian  Nat.  and  Geol.,  lY,  1859,  p.  135. 
Strioklandinia  oanadensis  BiUingB,  Pal.  FoBsils,  II,  1874,  p.  81. — Hall  and  Clarke, 

Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  251. 
Loo,  Near  Thorold,  Ontario. 

Strioklandinia  oastellana  White.  I^iagara  (Sil.). 

Strioklandinia  oastellana  White,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  1876,  p.  30.— 

Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  251,  pi.  73,  fig8.a-7. 
Loc,  Castle  Grove,  Jones  County,  Iowa. 

Strioklandinia  chapmani  Hall  and  Clarke.  Niagara  (Sil.). 

Strioklandinia  chapmani  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi. 

83,  fig.  40. 
Loc.  Hamilton,  Ontario. 

Strioklandinia  davidioni  Billings.  Anticosti  (Sil.). 

Strioklandinia  davidsoni  Billings,  Geol.  Mag.,  V,  1868,  p.  59,  pi.  4,  figs.  1-ld;^ 
Pal.  Fossils,  II,  1874,  p.  86,  pi.  6,  fig.  1.— White,  Proc.  U.  S.  Nat.  Mus.,  Ill, 
1880,  p.  48.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  251,  pi.  73, 
fig.  15. 

Loo.  Anticosti;  eastern  Canada;  Ringgold,  Catoosa  County,  Georgia. 

Strioklandinia  deformis  Meek  and  Worthen.  Niagara  (Sil.). 

Strioklandinia  deformis  Meek  and  Worthen,  Proc.  Acad.  Nat.  Sol.  Philadelphia, 
1870,  p.  37;— Geol.  Survey  IlUnois,  VI,  1875,  p.  502,  pi.  24,  fig.  6.— Hall  and 
Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  251,  pi.  73,  figs.  8-10. 

Loc,  Carroll  County,  Illinois. 

Ohs.  Probably  the  same  as  S.  melissa. 

Strioklandinia  elongata  Billings =Amphigenia  elongata. 
Strioklandinia  elongata  carta  Meek  and  Worthen=Aniphigen'a  carta. 

Strioklandinia  gaspienus  Billings.  Gasp^  (Sil.). 

Stricklandia  gaspiensis  Billings,  Canadian  Nat.  and  Geol.,  IV,  1859,  p.  134. 
Strioklandinia  gaspiensis  Billings,  Pal.  Fossils,  II,  1874,  p.  83,  fig.  49;— Hall  and 

Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  251,  pi.  73,  fig.  11. 
Loo,  Bay  of  Chalenrs,  Canada. 

Strioklandinia  lens  (Sowerby).  Silarian. 

Atrypa  lens  Sowerby,  Mnrchison's  Silnrian  System,  1839,  pi.  21,  ^g,  3. 
Strioklandinia  lens  Billings,  Catalogue  Sil.  Foss.  Anticosti,  1866,  p.  45. — Foerste, 

Proc.  Boston  Soc.  Nat.  Hist.,  XXIV,  1890,  p.  321,  pi.  5,  figs.  1-4. 
Loc,  England;  Anticosti;  Collinsville,  Alabama. 

Strioklandinia  lirata  (Sowerby).  Anticosti  (Sil.). 

Spirifer  liratus  Sowerby,  Mnrchison's  Silnrian  System,  1839,  pi.  22.  fig.  6. 
Strioklandinia  lirata  Davidson,  Mon.  British  Sil.  Brach.,  Pal.  Soc,  1867,  p.  159, 

pi.  20,  figs.  1-13.— Billings,  Cat.  Sil.  Foss.  Anticosti,  1866,  p.  45. 
Loc.  Europe;  Anticosti. 

Strioklandinia  (1)  lonisvillensiB  Nettelroth.  Niagara  (Sil.). 

Strioklandinia  louisvillensis  Nettelroth,  Kentncky  Fossil  Shells,  Mem.  Kentnoky 

Geol.  Survey,  1889,  p.  65,  pi.  34,  figs.  31-34. 
Loo,  East  of  Louisville,  Kentncky. 

Strioklandinia  melissa  Billings.  Anticosti  (Sil.). 

Strioklandinia  melissa  Billings,  Pal.  Fossils,  II,  1874,  p.  89,  pi.  7,  fig.  4.— HaU 

and  Clarke,  Pal.  New  York,  VIlI,  Pt.  II,  1893,  p.  251. 
Loo.  Anticosti. 
Oh8,  Prohably  the  same  as  S.  deformis. 
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iltilirata  Whitfield.  Gueiph  (Sil.). 

multilirata  Whitfield,  Ann.  Rep.  Geol.  Sarvey  Wisconsin,  1877, 
\.  Wisconsin,  IV,  1882,  p.  315,  pi.  23,  figs.  3-5.— Hall  and  Clarke, 
ork,  VIII,  Pt.  II,  1893,  p.  251,  pi.  73,  figs.  1,  2. 
1,  Wisconsin. 

teri  Billings.  AnticoBti  (Sil.). 

Balteri  Billings,  Geol.  Mag.,  V,  1868,  p.  61,  pi.  4,  figs.  2-2a;— Pal. 
1874,  p.  87,  pi.  7,  fig.  1.— White,  Proc.  U.  S.  Nat.  Mas.,  Ill,  1880, 
I  and  Clarke,  Pal.  New  York,  VIU,  Pt.  II,  1893,  p.  251. 
Ringgold,  Catoosa  Connty,  Georgia. 

snbqnadrata  Herrick.  Upper  Carboniferous. 

?  subqaadrata  Herrick,  Bull.  Denison  Univ.,  II,  1887,  p.  49,  pi.  1, 


a,  near  Newark,  Ohio, 
it  terebratuloid. 

plesiana  Foerste.  Clinton  (Sil.). 

triplesiana  Foerste,  Bull.  Denison  Univ.,  I,  1885,  p.  89.  pi.  14, 
—Proc.  Boston  Soc.  Nat.  Hist.,  XXIV,  1890,  p.  323;— Geol.  Ohio, 
K  594,  pi.  26,  figs.  13, 14. 
bio. 

LUS  Defrance.  Genotype  S.  burtini  Defrance. 

Defrance,  Diet.  Sci.  Nat.,  LI,  1827,  p.  102,  pi.  75,  fig.  1. 
B  Sandberger,  Leonhard  und  Bronn's  Jahrb.  Tiir  Min.,  1842,  p. 
American  Jour.  Conch.,  VI,  1870,  p.  112. — Hall  and  Clarke,  Pal. 
VIII,  Pt.  II,  1893,  p.  282,  figs.  203-207. 

ortoni  Defrance.  Middle  Devonian. 

buri»ni  Defrance,  Diet.  Sci.  Nat.,  LI,  1827,  p.  102,  pi.  75,  fig.  1. 
B  burtoni  Whiteaves,  Trans.  Boyal  Soc.  Canada,  VIII,  1891,  p.  93  ;— 
nadian  Pal.,  I,  1891,  p.  235,  pi.  29,  figs.  10-11;  p.  290.— Hall  and 
.  New  York,  VIII,  Pt.  II,  1893,  p.  283,  fig.  203. 
iakes  Manitoba  and  Winnipegosis  and  the  **  Ramparts,'^  Macken- 
British  America.  Two  loose  specimens  have  been  found  near 
ocks  in  southern  Minnesota. 

King.  Genotype  Orthis  excavata  Geinitz. 

ng,  Ann.  and  Mag.  Nat.  Hist.,  XFV,  1844,  p.  313;— Ibidem,  XVII, 
— Mou.  Permian  Fossils,  Pal.  Soc,  1850,  p.  93.— Hall,  Twentieth 
State  Cab.  Nat.  Hist.,  1867,  p.  245;— Pal.  New  York,  IV,  1867,  p. 
ler,  American  Jour.  Sci.,  3dser.,  XL,  1890,  p.  240.— Hall  and  Clarke, 
fork,  VIII,  Pt.  I,  1892,  p.  314 ;— Eleventh  Ann.  Rep.  N.  Y.  State 
1894,  p.  295. 

leri  Eowley.  Kinderhook  (L,  Garb.), 

eecheri    Rowley,  American  Geologist,  XII,  1893,  p.  308,  pi.  14, 

,  Missouri. 

)lliana  Derby.  Upper  Garboniferous. 

)melliana  Derby,  Bull.  Cornell  Univ.,  I,  1874,  p.  45,  pi.  3,  figs. 
!,  35-38;  pi.  4,  fig.  5;  pi.  a,  fig.  17;  pi.  9,  figs.  10,  11.— Hall  and 
l.  New  York,  VIII,  Pt.  I,  1892,  pi.  15B,  figs.  36, 37. 
a,  Brazil. 

jnla  Hall  and  Clarke.  Keokuk  (L.  Garb.). 

mbulaHall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  pi.  17 A, 

9. 

sville  and  Lebanon,  Kentucky. 

—27 


f 
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Strophalosia  (1)  poadalnpensU  (Shumard).  Upper  Oarboniferooa. 

Aalostef^es  gnadalnpensis  Sbnmard,  Trans.  St.  Lonis  Acad.  Soi.,  1, 1858,  p.  292, 

pi.  11,  fig.  5;  p.  390. 
Stropbalosia  f  gnadalopenaiH  Beecber,  American  Jonr.  Sci.,  3d  aer.,  XL,  1890, 

p.  241. 
Loc,  Gnadalape  Mountains,  New  Mexico  and  Texas. 

Starophalosia  horrescens  Geinitz  (non  Morchison,  de  Yernealiy  and 

Keyserling)=Prodncta8  Bebraskaensis. 
Strophalosia  hystricnla  Hall.  Chemang  (Dev.). 

Productella  bystricula  Hall.  Pal.  New  York,  IV,  1867,  p.  178,  pi.  26,  figs.  1-8;— 
Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  48,  figs.  29,  30. 

Stropbalosia  bystricula  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  316, 
pi.  15B,  fig.  31;  pi.  17,  figs.  29,  30. 

Zoc.  Forestville,  Conewango,  and  East  Randolpb,  New  York. 

Strophalosia  keoknk  Beecher.  Keokuk  (L.  Oarb.)* 

Strophalosia  keoknk  Beecher,  American  Jour.  Sci.,  3d  ser.,  XL,  1890,  p.  244,  pi.  9, 
figs.  18-24.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  316,  pi.  17A, 
figs.  5-7. 
Loe,  Keokuk,  Iowa. 

Strophalona  muricata  (Hall).  Chemang  (Dev.). 

Chonetes  muricata  Hall,  Pal.  New  York,  IV,  1867,  p.  143,  pi.  22,  figs.  29-43. 
Chonetes  (Productella f)  muricata  Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol., 

1883,  pi.  47,  figs.  12,  16,  30,  38,  42. 
Strophalosiaf  muricata  Beecher,  American  Jour.  Sci.,  3d  ser.,  XL,  1890,  p.  241. 
Strophalosia  muricata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  316, 

pi.  16,  figs.  12,  16,  30,  38,  42. 
Loc,  Ellington,  New  York,  and  Meadville,  Pennsylvania. 

Strophalosia  munmnlina  A.  Winchell.  Einderhook  (L.  Garb.). 

Strophalosiaf  nummularis  A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelphia, 

1863,  p.  4. 
Strophalosiaf  nummulina  Beecher,  American  Jour.  Sci.,  3d  ser.,  XL,  1890,  p.  242. 
Strophalosia  nummularis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  316. 
Loc,  Burlington,  Iowa. 

Strophalosia  radicans  (A.  Winchell).  Hamilton  (Dev.). 

Crania  radicans  A.  Winchell,  Rep.  Lower  Peninsula  Michigan,  1866,  p.  92. 
Stropbalosia  radicans  Beecber,  American  Jour.  Sci.,  3d  ser.,  XL,  1890,  pp.  240, 

243,  pi.  9,  figs.  14-17.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892, 

p.  316,  pi.  15B,  figs.  27-50. 
Loe.  Grand  Traverse  region,  Michigan. 

Strophalosia  rookfordensis  Hall  and  Clarke.  Upper  Devonian. 

strophalosia  rookfordensis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892, 

pp.  316,  353,  pi.  17A,  figs.  1-3;  Pt.  II,  1895,  pi.  84,  figs.  20-22L 
Loc,  Rockford,  Iowa. 

Strophalosia  scintilla  Beecher.  Chontean  (L.  Garb.). 

strophalosia  scintilla  Beecher,  American  Jour.  Sci.,  3d  ser.,  XL,  1890,  p.  243, 

pi.  9,  figs.  10-13.— Han  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  316, 

pi.  15B,  figs.  32-34. 
Loe.  Pike  County,  Missouri. 

Strophalosia  spondyliformis  (White  and  St.  John ).    IJ pper  Carboniferous. 
Aulosteges  spondyliformis  White  aud  St.  John,  Trans.  Chicago  Acad.  Soi.,  I, 
1868,  p.  118,  fig.  2. 
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lylifinrmiB  (White  and  St.  John)— Coutinned. 
»ondyliformiB  Beeoher,  American  Jour.  8ei.,  3d  Mr.,  XL,  1890, 
U  and  Clarke,  Pal.  New  York,  Vin,  Pt.  I,  1892.  pi.  17A,  figs. 

i  and  Pottawattamie  conntiee,  Iowa. 

»ta  (Hall).  Hamilton,  Portage,  and  Ithaca  (Dev.). 
ustulosa  Hall  (qon  Prodactas  pustalosus  Phillips),  Qeol.  N.  Y. ; 
b  Diet.,  1843,  p.  189,  fig.  4. 

catos  HaU,  Tenth  Rep.  N.  Y.  Stote  Cab.  Nat.  Hist.,  1867,  p.  171. 
ncata  Hall,  Pal.  New  York,  IV,  1867,  p.  160,  pi.  23,  figs.  12-24;— 
1.  Bep.  N.  Y.  State  OeoL,  1883,  pi.  48,  figs.  10-15.— Kindle,  Boll, 
'al.,  6,  1896,  p.  35. 

trancatns  Walcott,  Mon.  U.  S.  Geol.  Saryey,  VIII,  1884,  p.  131, 
2. 

brophalosiaf)  truncata  Whiteaves,  Cont.  Canadian  Pal.,  I,  1889, 
5,  figs.  1,2. 

nncata  Beecher,  American  Jonr.  Sci.,  3d  ser.,  XL,  1890,  p.  247*  — 
larke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  316,  pi.  15B,fig8.  24-26; 

10-15. 

;  Thedford,  Ontario;  Enreka  district,  Nevada. 

CA  HaU.  Genotype  Strophomena  demiasa  Conrad. 

Hall,  Pal.  New  York,  II,  1852,  p.  63.— HaU  and  Clarke,  Pal.  New 
Pt.  I,  1892,  p.  284. 

lall,  Geol.  Surrey  Iowa,  1, 1858,  p.  491. — BiUings,  Canadian  Joor. 
1.  ser.,  VI,  1861,  p.  332;— Proc.  Portland  Soc.  Nat.  Hist.,  1863,  p. 
Pal.  New  York,  IV,  1867,  p.  78.— Nettelroth,  Kentacky  Fossil 
n.  Kentucky  Geol.  Survey,  1889,  p.  142. 
^aler,  Bull.  Mas.  Comp.  Zool.,  4,  1865,  p.  63. 
Dd  DouvUina  Hall  and  Clarke,  Pah  New  York,  VIII,  Pt.  I,  1892, 
S,  288,  289,  292i  Eleventh  Ann.  Rep.  N.  Y.  State  Geologist,  1894, 
I. 

mthoptera  (Whiteaves).  Upper  Silarian. 

icanthoptera  Whiteaves,  Canadian  Rec.  Sci.,  1891,  p.  294,  pi.  3, 


I    .■   c 


f  Saskatchewan  and  Lake  Winnipegosis,  Canada. 

reata  Hall.  Upper  Helderberg  (Dev.). 

aveata  Hall,  Sixteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1863,  p. 
lew  York,  IV,  1867,  p.  81,  pi.  11,  figs.  1-3. 
»anty.  New  York. 

coata  Hall.  Chemung  (Dev.). 

urcnata  HaU,  Geol.  Survey  Iowa,  I,  1^,  p.  492,  pi.  3,  figs,  la-lo, 
Lvin,  BuU.  U.  S.  Geol.  Survey,  IV,  1878,  p.  728.— Whiteaves,  Cont. 
:>al.,  1, 1892,  p.  285. 

krcuataf  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  121. 
arcuata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  289, 
^.  1-3. 

Iowa;  Naples,  New  York;  Eureka  district,  Nevada;  Lake  Win- 
Canada. 

ckei  HaU.  Lower  Helderberg  (Dev.). 

leckii  Hall,  Pal.  New  York,  HI,  1859,  p.  191,  pi.  22,  figs,  lar-lt.— 
>rican  Jour.  Sci.,  2d  ser.,  XL,  1865,  p.  33.— Hall,  Second  Ann.  Rep. 
>  Geol.,  1883,  pi.  44,  figs.  23,  24. 

[Strophodonta)  beckii  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat. 
,  p.  52,  figs.  1-4. 
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Stropheodonta  beckei  Hall — Continued. 

Stropheodonta(Lepto8trophia)  beoki  Hall  and  Clarke,  Pal.  New  York, 

1892,  p.  288,  pi.  13,  figs.  23,  24. 
Loc,  Albany  and  Schoharie  counties.  New  York ;  Kennedy  Channel,  Ai 

Stropheodonta  blainvillei  (Billings).  Lower  1 

Strophomena  blainvillei  Billings,  Pal.  Fossils,  II,  1874,  p.  28,  pi.  2,  i 

fig.l. 
Stropheodonta  (Leptostrophia)  blainvillii  Hall  and  Clarke,  Pal.  New 

Pt.  I,  1892,  p.  288. 
Loc,  Gasp^,  Canada. 
06«.  Compare  with  S.  perplana. 

Stropheodonta  callawayensis  Swallow.  Hamilt< 

Strophodonta  callawayensis,  qaadrata,  and   asquioostata  Swallow, 

Louis  Acad.  Sci.,  I,  1860,  p.  638. 
Loc.  Callaway  County,  Missouri. 
OhB.  See  S.  navalis. 

Stropheodonta  oallosa  Hall.  Upper  Helderbe: 

Strophodonta  oallosa  Hall,  Sixteenth  Rep.  N.  Y.  State  Cab.  Nat.  '. 

p.  36;— Pal.  New  York,  IV,  1867,  p.  82,  pi.  11,  figs.  4-10;  pi.  12,  fi 
Chonetes  (Strophodonta?)  callosa  Hall,  Second  Ann.  Bep.  N.  Y.  S 

1883,  pi.  47,  fig.  37. 
Stropheodonta  callosa  Hall  and  Clarke,  VIII,  Pt.  1, 1892,  pi.  16,  fig.  37. 
Loc,  Albany  County,  New  York. 

Stropheodonta  calvini  Miller.  Ghemui 

Strophodonta  quadrata  Calvin  (non  Swallow,  1860),  Bull.  U.  S.  G 

Survey  Terr.,  IV,  1878,  p.  728. 
Strophodonta  calvini  Miller,  Cat.  American  Pal.  Foss.,  2d  ed.,  Jai 

p.  298.— Walcotl,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  122,  p 
Strophodonta  exilis  Calvin,  American  Jour.  Sci.,  3d  ser.,  XXV,  June, 
Loc,  Rockford  and  Independence,  Iowa ;  Eureka  district,  Nevada. 

Stropheodonta  oanace  Hall  and  Whitfield.  Chemui 

strophodonta  canace  Hall  and  Whitfield,  Twenty-third  Rep.  N.  Y. 

Nat.  Hist.,  1873,  p.  236,  pi.  11,  figs.  8-11 ;  abstract  of  same  in  18* 

U.  S.  Geol.  Expl.  40th  Pari.,  IV,  1877,  p.  246,  pi.  3,  figs.  1-3. 

Loc.  Rockford,  Iowa;  White  Pine  district,  Nevada;  Naples,  New  Yoi 

Stropheodonta  oincta  A.  Winchell.  HamilU 

Strophodonta  oincta  A.  Winchell,  Rep.  Lower  Peninsula  Michigan,  Ifi 
Loc,  Grand  Traverse  region,  Michigan. 
OhB.  Insufficiently  defined  to  be  recognized. 

Stropheodonta  concava  Hall.  Corniferous  and  Hamiltc 

Strophomena  (Strophodonta)  concava  Hall,  Tenth  Rep.  N.  Y.  State 

Hist.,  1857,  pp.  115, 140,  fig.  1. 
Strophodonta  concava  Hall,  Pal.  New  York,  IV,  1867,  p.  96,  pi.  16,  fig 

Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  45,  figs.  16-22. 
Stropheodonta  concava  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I, 

figs.  16-23. 
Loc,  New  York,  firom  Cayuga  Lake  westward  to  Lake  Erie. 

Stropheodonta  oormgata  (Conrad).  Clin 

Strophomena  corrugata  Conrad,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  V 

256,  pi.  14,  fig.  8.— HaJl,  Geol.  N.  Y. ;  Rep.  Fourth  Dist.,  1843,  p.  73,  t 

72;— Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1859,  p.  82.— Foerste 

ton  Soo.  Nat.  Hist,,  XXIV,  1890,  p.  303,  pi.  6,  fig,  25. 
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rmgata  (Conrad)— Continued. 

igata  HaU,  Pal.  New  York,  II,  1852,  p.  59,  pi.  21,  figs.  2a-2o. 

corragata  Hall,  Second  Ann.  Bep.  N.  Y.  State  Geol.,  1883,  pi.  46, 

cornigata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pi. 
Pt.  II,  1895,  pi.  84,  fig.  14. 
:,  Wolcott,  etc.,  New  York ;  Cumberland  Gap,  Tennessee. 

I  corragata  plenristriata  (Foerste.)  Clinton  (Sil.). 

gata  (partim)  Hall,  Pal,  New  York,  II,  1852,  p.  59,  pi.  21,  figs.  2d,  2e. 
^rragata  var.  pleoristriata  Foerste,  Proc.  Boston  Soc.  Nat.  Hist., 
0,  p.  303,  pi.  6,  figs.  26, 27. 
ind  Gap,  Tennessee. 

)  oostata  Owen.  Hamilton  (Dev.). 

[  f )  costata  Owen,  Geol.  Survey  WiscouHiu,  Iowa,  and  Minnesota, 

,  pi.  3A,  fig.  5 ;  pi.  3,  figs.  11, 11a. 

t,  Iowa.  • 

sbristriata  Hall.  Upper  Helderberg  (Dev.). 

crebristriata  Conrad,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  VIII, 

,pl.l4,fig.3. 

crebristriata  Hall,  Sixteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist., 

;— Pal.  New  York,  IV,  1867,  p.  86,  pi.  11,  figs.  12, 13, 18-21. 

id  Schoharie  counties,  New  York. 

miflsa  (Conrad).  Middle  and  Upper  Devonian. 

lemissa  Conrad,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  VIII,  1842,  p. 
fig.  14.— Rogers,  Geol.  Pennsylvania,  II,  1858,  p.  827,  fig.  666.— 
!anadian  Jour.  Sci.  Arts,  2d  ser.,  VI,  1861,  p.  341,  figs.  116-118;— 
da,  1863,  p.  367,  figs.  377a-d. 

limo8a(  ? )  Owen,  Geol.  Survey  Wisconsin,  Iowa,  and  •Minnesota, 
)A,  fig.  14.     [See  specimens  in  U.  S.  Nat.  Mus.,  Cat.  Invert.  Foss., 


;        f. 


Strophodonta)  demissa  Hall,  Tenth  Rep  N.  Y.  State  Cab.  Nat. 
,  p.  137,  fig.  1.— Meek,  Trans.  Chicago  Acad.  Sci.,  I,  1868,  p.  87, 

Strophodonta)  subdemissa  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat. 
p.  145.— Meek  (non  Hall),  Trans.  Chicago  Acad.  Sci.,  1, 1868, p.  88, 
7. 

lemissa  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  495,  pi.  8,  fig.  5;— 
ork,  IV,  1867,  p.  81,  pi.  11,  figs.  14-17;  pi.  12,  figs.  1-5.— Nicholson, 
Ontario,  1873,  p.  65. — White,  Second  Ann.  Rep.  Indiana  Bureau  of 
knd  Geol.,  1880,  p.  500,  pi.  4,  figs.  6,  7;— Tenth  Rep.  Indiana  State 
,  p.  132,  pi.  4,  figs.  6,  7.— Whitfield,  Geol.  Wisconsin,  IV,  1882,  p. 
fig.  18.— Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  45, 
-Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  118,  pi.  2,  fig.  9.— 
,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p. 
,  figs.  10-16;  pi.  33,  fig.  22.— W^hiteaves,  Cont.  Canadian  Pal.,  I, 
9.— Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  70,  pi.  39,  fig.  7. 
demissa  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  14, 

;  Pennsylvania;  Ohio;  Indiana;  Kentucky;  Illinois;  Iowa;  Wis- 
itario ;  Mackenzie  and  Athabasca  rivers,  Canada ;  Eureka  district, 

tniMa  imitata  Wincbell.  Hamilton  (Dev.). 

mitata  A.  Winchell,  Rep.  Lower  Peninsula  Michigan,  1866,  p.  93. 
hvene  region,  Michigan. 
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422  8TNOP8I8   OF   AMERICAN  FOSSIL  BRACHIOPODA.         [rax.  87. 

Stropheodonta  erratioa  A.  Winchell.  flamilton  (Dev.)* 

StrophodoDta  erratioa  and  varieties  solidicosta  and  fissicosta  A.  Winchell,  Rep. 

Lower  Peninsola  Michigan,  1866,  p.  93. 
Loc.  Grand  Traverse  region,  Michigan. 
Ohs,  This  species  may  prove  to  be  only  a  local  variation  of  S.  costata  Owen. 

Stropheodonta  feUdeni  Etheridge.  Y  Lower  Deyonian. 

Strophodouta  feildeni  Etheridge,  Qnart.  J  oar.  Geol.  Soo.  London,  XXXIY,  1878, 

p.  698,  pi.  26,  fig.  4. 
Loc.  Cape  Hllgard,  lat.  79^  41'. 
Oh$.  Since  this  species  is  very  closely  related  to  8.  magnifica  of  the  Oriskany 

sandstone  the  horizon  is  probably  Lower  Devonian. 

Stropheodonta  galatea  (Billings).  Lower  Devonian, 

Strophomena  galatea  Billings,  Pal.  Fossils,  II,  1874,  p.  20,  fig.  9. 
Zoo.  Indian  Cove,  Gasp^,  Canad|». 

Stropheodontit  (1)  genicnlata  (Shaler).  Anticosti  (Sil.). 

Braohypriou  geniculatom  Shaler,  Bull.  Mns.  Comp.  Zool.,  4, 1865,  p.  63. 
Loe.  Near  Southwest  Point,  Antioosti. 

Stropheodonta  (1)  gilpeni  (Dawson).  Upper  Arisaig  (SiL). 

Strophomena  gilpeni  Dawson,  Canadian  Nat.  Geol.,  n.  ser.,  IX,  1880,  p.  841. 
Loo.  Nova  Scotia,  Canada. 

Stropheodonta  hemiipherioa  Hall.  Upper  H  elderberg  (Dev.) 

Strophomena  (Strophodonta)  hemispherica  Hall,  Tenth  Rep.  N.  Y.  State  Cah. 
Nat.  Hist.,  1857,  p.  113. 

Strophodonta  hemispherica  Hall,  Pal.  New  York,  lY,  1867,  p.  90,  pi.  13,  figs.  12, 
13;~Second  Ann.  Rep.  N.  Y.  Stote  Geol.,  1883,  pi.  45,  &g.  23.— Nettelroth,  Ken- 
tucky Fossil  Shells,  Mem.  Kentncky  Geol.  Snrvey,  1889,  p.  144,  pi.  18,  figs.  4-6. 

Loc,  New  York;  Ohio;  Indiana;  Kentucky;  Ontario. 

Stropheodonta  inaqniradiata  Hall.  Upper  Helderberg  (Dev.). 

Strophomena  (Strophodonta)  inffiquiradiata  Hall,  Tenth  Rep.  N.  Y.  State  Cah. 
Nat.  Hist.,  1857,  p.  113,  figs.  1-3. 

Strophomena  iniequistriata  Billings,  Canadian  Jonr;  Sci.  Arts,  VI,  1861,  p.  338, 
fig.  118 ;— Geol.  Canada,1863,  p.  367,  fig.  375 ;— Pal.  Fossils,  11,1874,  p.  24,  fig.l3 ; 
pi.  2,  fig.  4;  p.  240. 

Strophodonta  imeqniradiata  Hall,  Pal.  New  York,  IV,  1867,  p.  87,  pL  11,  figs.  24-31 ; 
pL  12,  fig.  12;  pi.  13,  figs.  6-11 ;— Second  Ann.  Rep.  N.  Y.  StateOeol.,  1883,  pi.  45, 
figs.  13, 14.— Walcott,  Mon.  U.  S.  Geol.  Survey,  VIH,  1884,  p.  120,  pi.  11,  ^g.  11. 

Stropheodonta  inaequiradiata  Hall  and  Chirke,  Pal.  New  York,  YIII,  Pt.  1, 1892, 
pi.  14,  figs.  13, 14. 

Loc,  Albany  and  Schoharie  counties.  New  York;  Columbus,  Ohio;  Eureka  dis- 
trict, Nevada;  Gasp^  Bay,  Canada. 

Stropheodonta  infleqniitriata  (Conrad).     Gomiferons  to  Hamilton  (Dev.)* 
Strophomena  inaaqnistriata  Conrad,  Jonr.  Acad.  Nat.  Sci.  Philadelphia,  VIII,  1842, 
p.  254,  pi.  14,  fig.  2.— Hall,  Geol.  N.  Y. ;  Rep.  Fourth  Dist.,  1843,  p.  200,  ^.  4.-— 
Billings,  Canadian  Jonr.  Sci.  Arts,yi,  1861,  p.  338,  fig8.113,114;— Geol.  Can- 
ada, 1863,  p.  367,  fig.  375. 
Strophomena  (Strophodonta)  inseqnistriata  Hall,  Tenth  Rep.  N.  Y.  State  Cab, 

Nat.  Hist.,  1857,  p.  142. 
Strophodonta  imeqaistriata  Hall,  Pal.  New  York,  lY,  1867,  p.  93,  pi.  12,  figs.  6-8; 
p.  106,  pi.  18,  fig.  2 ;— Second  Ann.  Eep.  N.  Y.  State  Geol.,  1883,  pi.  45,  figs.  1-6.— 
Nettelroth,  Kentocky  Fossil  Shells,  Mem.  Kentucky  Geol.  Sorvey,  1889,  p. 
145,  pi.  17,  figs.  10»  11. 
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M[iiistriata  (Conrad) — Continued. 

[DoaviUina)  iusequiBtriata  Hall  and  Clarke,  l*al.  New  York,  YIII, 

p.  289,  pi.  14,  figs.  1-6;  pi.  15B,  fig.  9. 

Moscow,  Darien,  etc.,  New  York;   Ontario,  Canada;  Milwaa- 
isiu ;  Falls  of  Ohio. 

enta  (Conrad).  Lower  Helderberg  (Dev.). 

)2k  Conrad,  Second  Ann.  Rep.  N.  Y.  Geol.  Survey,  1838,  pp.  112, 117. 
identa  Billings,  Proc.  Portland  Soc.  Nat.  Hist.,  1863,  p.  109,  pi.  3, 

identa  Miller,  American  Pal.  Fossils,  1877,  p.  135. 

)rg  Moontains,"  New  York ;  Square  Lake,  Maine;  Qasp6,  Canada. 

srstrialis  (Phillips).  Middle  Devonian. 

alls  Phillips,  Pal.  Foss.  Comw.  and  W.  Somerset,  1841,  p.  61,  pi. 

nterKtrialis  Whiteaves,  Cont.  Canadian  Pal.,  I,  1892,  p.  286,  pi. 

lake  Winnipegosis,  Canada. 

srstrialiB  (Vanoxem).  Ithaca  (Dev.). 

iterstrialis  Vanuxem  (non  Phillips),  Geol.  N.  Y. ;  Rep.  Third  Dist. 

,  fig.  1. 

lucronata  Hall,  Pal.  New  York,  IV,  1867,  p.  Ill,  pi.  15,  figs.  13, 14. 

mira,  Bath,  etc.,  New  York. 

on  was  directed  to  the  above  synonymy  by  Professor  Williams 

I  that  of  S.  macronata  Conrad  (non  Hall). 

raenslB  Owen.  ?  Upper  Devonian. 

owensis  Owen,  Geol.  Survey  Wisconsin,  Iowa,  and  Minnesota, 

c,  near  Rockford,  Iowa. 

ae  (Billings).  Upper  Helderberg  (Dev.). 

ene  Billings,  Pal.  Fossils,  II,  1874,  p.  27,  pi.  2,  fig.  5. 
[Leptostrophia)  Irene  Hall  and  Clarke,  PaL  New  York,  VIII,  Pt.  I, 

ve,  Gasp6  Bay,  Canada. 

da  Hall.  Hamilton  (Dev.). 

Strophodonta)  textilis  Hall  (non  1852),  Tenth  Rep.  N.  Y.  State 

list.,  1857,  p.  141,  figs.  1-3. 

©xtilis  Hall,  Pal.  New  York,  IV,  1867,  p.  108,  pi.  18,  figs.  3, 4. 

unia  Hall,  Ibidem,  1867,  corrigenda;— Second  Ann.  Rep.  N.  Y. 

gist,  1883,  pi.  46,  fig.  16. 

(Leptostrophia)j  unia  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt. 

88,  pi.  15,  fig.  16. 

cow,  Darien,  etc.,  New  York. 

siperi  Swallow.  Hamilton  (Dev.). 

^emperi  Swallow,  Trans.  St.  Louis  Acad.  Sci.,  1, 1860,  p.  636. 
Connty,  Missouri. 

ieda  (Billings).  Anticosti  (SiL). 

Dda  Billings,  Canadian  Nat.  and  Qeol.,  V,  1860,  p.  55,  figs.  2, 3;— 

»,  1, 1862,  p.  120,  figs.  98,  99;— Geol.  Canada,  1863,  p.  311,  fig.  316. 

da  Shaler,  Bull.  Mus.  Comp.  Zool.,  4,  1865,  p.  63. 

Ieda  Hall  and  Clarke,  Pal.  New  York,  VIII;  Pt.  1, 1892,  p.  288. 

»da  Whiteaves,  Pal.  Foss.  lU,  Pt.  Ill,  1897,  p.  172. 

t,  Antiooeti,  Lake  Winnepeg,  Manitoba. 
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Stropheodonta  lincklsBiii  Hail.  Oriskauy  (Dev.)- 

Stropbodonta  linoklieni  Hiill,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p. 

55;— Pal.  New  York,  III,  1859,  p.  415,  pi.  US,  tigs.  2,  3. 
Loc,  Albany  and  Sohoharie  conuties,  New  York. 

Stropheodonta  macra  (Wincbell  and  Marcy).  Niagara  (Sil.). 

Strophomena  macra  W.  and  M.,  Mem.  Boston  Soc.  Nat.  Hist.,  I,  1865,  p.  91. — 

Hall,  Twentieth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1867,  p.  392. 
Loc,  Probably  near  Chicago,  Illinois. 

Stropheodonta  macrostriata  (Walcott).  Lower  Devonian. 

Chonetes  macrostriata  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  126,  pi. 

2,  fig.  13  J  pi.  13,  fig.  14. 
Loo.  Eureka  district,  Nevada. 
Oh9.  The  type  material  proves  it  to  be  a  Stropheodonta.  * 

Stropheodonta  magniflca  Hall.  Oriskany  (Dev.)* 

Stropbodonta  magnified  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p. 

54;— Pal.  New  York,  III,  1859,  pp.  414,  482,  pi.  93,  fig.  4;  pi.  94,  fig.  2;  pl. 

95,  fig.  8;  pi.  95A,  figs.  15-19 ;— Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pL 

44,  figs.  27,  28. 
Strophomena  magnifioa  Billlugs,  Caaadian  Jour.  Sci.  Arts,  VI,  1861,  p.  348; — 

Geol.  Canada,  1863,  p.  961,  fig.  468. 
Stropheodonta  (Leptostrophia)  magnifioa  Hall  and  Clarke,  Pal.  New  York,  VIII, 

Pt.  1, 1892,  p.  288,  pi.  13,  figs.  27,  28. 
Loc,  Albany  and  Schoharie  counties.  New  York;  Cumberland,  Maryland;  county 

of  Haldimand,  Ontario,  Canada. 

Stropheodonta  magniventer  Hall.  Oriskauy  (Dev.). 

Stropbodonta  magnlventra  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857, 
p.  54;— Pal.  New  York,  III,  1859,  p.  411,  pi.  92,  figs.  2,  3;  pi.  95,  fig.  9;— 
Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  44,  figs.  25,  26. 

Strophomena  magnlventra  Billings,  Canadian  Jour.  Sci.  Arts,  VI,  1861,  p.  349; — 
Geol.  Canada,  1863,  p.  961,  fig.  469;— Pal.  Fossils,  II,  1874,  p.  22,  figs.  10-12, 
and  pi.  2,  fig.  2. 

Stropheodonta  (Leptostrophia)  magnlventra  Hall  and  Clarke,  Pal.  New  York, 
VIII,  Pt.  I,  1892,  p.  288,  pi.  13,  figs.  25,  26. 

Loc.  Albany  and  Schoharie  counties.  New  York;  Cayuga,  Ontario,  and  Gaap^ 
Bay,  Canada. 

Stropheodonta  mncronata  (Conrad).  Portage  and  Chemung  (Dev.)* 

Strophomena  mncronata  Conrad,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  VIII,  1842, 

p.  257,  pi.  14,  fig.  10. 
Strophomena  interstrialis  Hall,  Geol.  N.  Y. ;  Rep.  Fourth  Dist.,  1843,  p.  266,  fig.  5. 
Stropbodonta  cayuta  Hall,  Pal.  New  York,  IV,  1867,  p.  110,  pi.  19,  figs.  1-5;— 

Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  46,  figs.  18,  19. 
Stropheodonta  (Douvillina)  cayuta  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I, 

1892,  p.  289,  pi.  15,  figs.  18,  19;  pi,  15B,  figs.  7,  8;  Pt.  II,  1895,  pi.  84,  fig.  13. 
Loo.  Steuben  County,  New  York. 
Ohs.  See  S.  interstriallB. 

Stropheodonta  navalis  Swallow.  Hamilton  (Dev.). 

Stropbodonta  navalis,  cymbiformis,  subcymbiformis,  and  altidorsata  Swallow, 
Trans.  St.  Louis  Acad.  Sci.,  I,  1860,  pp.  635,  636,  637. 

Stropbodonta  cymbiformis  Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  74. 

Loc.  Callaway  County,  Missouri. 

Ohs.  The  ten  species  of  Stropheodonta  described  in  this  transaction  by  Swallow 
are  all  from  one  locality  and  appear  to  be  nothing  more  than  peculiar  vari- 
ations of  S.  demissa  Conrad.    No  other  locality  is  known  where  a  species 
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Stropheodoata  naTalis  Swallow — Continued. 

of  Brachiopod»  haa  taken  on  m  many  yaiiationB  aa  has  S.  demiasa  in  the 
vicinity  of  Fulton,  Misctouri.  Mr.  D.  K.  Greger  haa  fumiahed  the  writer  over 
one  hundred  examples  of  this  speciea  and  no  two  are  exactly  alike.  Swal- 
low's ten  species  are  here  rednced  to  three  and  one  variety :  S.  navalis  and 
var.  boonensis,  8.  kemperi,  and  8.  callawayensift. 

Keyes  (Qeol.  Survey  Missouri,  V,  1895)  regards  8.  navalis,  oallawayensis, 
quadrata,  and  sequicoetata  as  synonyms  for  8.  demissa,  while  8.  cynihi- 
formls,  subcymbiformis,  kemperi,  inflexa,  and  boonensis  are  i*6garded  by  him 
as  but  one  sx>ec]ee,  8.  oymbiformis.  8.  altidorsata  is  regarded  as  '' insuffi- 
ciently described.'' 

Stropheodonta  naTalis  booneniis  Swallow.  Hamilton  (Dev.). 

Strophodonta  booensis  and  infiexa  Swallow  Trans.  St.  Louis  Acad.  Sci.,  I,  I860; 

pp.  637,  638. 
Lo€.  Callaway  County,  Missouri. 

Stropheodonta  nearpani  Barrett.  Coralline  limestone  (Sil.). 

Leptffina Hall,  Pal.*  New  York,  U,  1852,  pi.  74,  fig.  3. 

Strophodonta  nearpaaei  Barrett,  American  Jour.  Sci.,  3d  ser.,  XV,  1878,  p.  372. 
Loc.  Near  Port  Jervis,  New  York. 

Stropheodonta  parra  Owen.  Hamilton  (Dev.). 

Strophodonta  parva  Owen,  Geo).  Survey  Wisconsin,  Iowa,  and  Minnesota,  1852, 

p.  584,  pi.  3A,  fig.  9. 
Loc,  New  Bufialo,  Iowa. 
Oh».  This  may  prove  to  be  young  8.  demissa. 

Stropheodonta  parva  Hall.  Upper  Helderbeig  (Dev.). 

Strophodonta  parva  Hall,  Sixteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1863,  p. 

37;— Pal.  New  York,  IV,  1867,  p.  85,  pi.  11,  figs.  5,  11. 
Loc.  Albany  and  Schoharie  counties,  New  York. 

Stropheodonta  patersoni  Hall.  Oriskany  to  Goruiferous  (Dev.). 

Strophomena  (Strophodonta)  patersoni  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat. 

Hist.,  1857,  p.  114,  figs.  1-5. 
Strophomena  f  patersoni  Billings,  Canadian  Jour.  Sci.  Arts,  2d  ser.,  VI,  1861, 

p.  340,  fig.  115. 
Strophomena  patersoni  Billings,  Geol.  Canada,  1863,  p.  367,  fig.  374. — Nicholson, 

Pal.  Prov.  Ontario,  1873,  p.  67. 
Strophodonta  patersoni  Hall,  Pal.  New  York,  IV,  1867,  p.  89,  pi.  12,  figs.  9-11 ; 

pi.  13,  figs.  1-5;— Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  45,  fig.  15.— 

Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  119. 
Stropheodonta  patersoni  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  14, 

fig.  15. 
Loc.  Schoharie,  Stafi'ord,  Williamsville,  etc.,  New  York;  Columbus,  Ohio;  Bake- 

oven,  Illinois;  Eureka  district,  Nevada;   county  of  Haldimand,  Ontario, 

Canada. 

Stropheodonta  perplaaa  (Conrad).     Upper  Helderberg-Chemung  (Dev.). 

Strophomena  perplana  Conrad,  Jour.  Acad.  Nat.  Sci.  Pbiladelphia,VIII,1842,  p. 
257,  pi.  14,  fig.  11.— Rogers,  Geol.  Pennsylvania,  II,  Pt.  II,  1858,  p.  827,  fig.  665.— 
Billings,  Canadian  Jour.  Sci.  Arts,  2d  ser.,  VI,  1861,  p.  343;— Proc.  Portland 
8oc.  Nat.  Hist.,  1863,  p.  109.— Nicholson,  Pal.  Prov.  Ontario,  1873,  p.  64. 

Strophomena  delthyris  Conrad,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  VIII,  1842 
p.  258,  pi.  14,  fig.  19. 

Strophomena  plnristriata  Conrad,  Ibidem,  1842,  p.  259. 

Strophomena  crenistria  Hall,  Geol.  N.  Y. ;  Rep.  Fourth  Dist.,  1843,  p.  171,  fig.  4. 
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Stropheodonta  peiplana  (Conrad)— Gontiuaed. 

Stropbomena  (Strophodouta)  crenistria  Hall,  Tenth  Rep.  N.  Y.  State  Cab,  Nat. 
Hist.,  1857,  p.  111. 

Stropbomena  (Strophodonta)  fragilis  Hall,  Ibidem,  1857,  p.  143. 

Strophodonta  fragilia  Hall,  Geol.  Iowa,  I,  Ft.  II,  1858,  p.  496,  pi.  3,  fig.  6. 

Strophodonta  perplana  Hall,  Pal.  New  York,  IV,  1867,  pp.  92,  98,  pi.  11,  fig.  22; 
pi.  12,  figs.  13-15;  pi.  17,  fig.  1.— Rathban,  Proo.  Boston  Soc.  Nat.  Hist.,  XX, 
1879,  p.  25.— HaU,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  46,  figs. 
2-15.— Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  120,  pi.  13,  fig.  11.— 
Nettelrotb,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Surrey,  1889,  p. 
147,  pi.  18,  fig.  17.— Beecher,  American  Jour.  Sci.,  3d  ser.,  XLI,  1891,  p.  357, 
pi.  17,  fig.  17.— Whiteavee,  Cont.  Canadian  Pal.,  I,  1891,  p.  220. 

Stropheodonta  (Leptostrophia)  perplana  Hall  and  Clarke,  Pal.  New  York,  VIII, 
Pt.  I,  1892,  p.  288,  pi.  15,  figs.  2-13. 

Loc,  New  York;  Pennsylvania;  Maryland;  Ohio;  Indiana;  Kentucky;  Illinois; 
Iowa;  Wisconsin;  £ureka  district,  Nevada;  Square  Lake,  Maine;  Ontario 
and  Peace  River,  Canada;  Rio  Maecuru  and  Rio  Curua,  Province  of  Paia, 
Brazil.  ' 

Stropheodonta  perplana  nervosa  Hall.  Portage  and  Chemung  (Dev.). 

Stropbomena  nervosa  Hall,  Geol.  N.  Y. ;  Rep.  Fourth  Dist.,  1843,  p.  266,  fig.  1. 
Strophodonta  perplana  var.  nervosa  Hall,  Pal.  New  York,  IV,  1867,  p.  113,  pi. 

19,  figs.  13-16;— Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pL  46,  fig.  17. 
Stropheodonta  perplana  var.  nervosa  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt. 

I,  1892,  figs.  14, 15, 17. 
Loc,  Ithaca,  Bath,  Campbelltown,  etc..  New  York. 

Stropheodonta  perplana  tolliensis  Williams.  Tally  (Dev.). 

Strophodonta  perplana  var.  tulliensis  Williams,  Bull.  Geol.  Soc.  America^  1, 1890, 

p.  493,  pi.  12,  figs.  1-4. 
Loc,  Cuyler,  New  York. 

Stropheodonta  plannlata  Hall.  Lower  Helderberg  (Dev.). 

Strophodonta  plannlata  Hall,  Pal.  New  York,  III,  1859,  p.  184,  pi.  16,  figs.  9-12. 
Loc,  Schoharie,  Drybill,  and  Litchfield,  New  York. 

Stropheodonta  plicata  Hall.  Hamilton  (Dev.). 

Strophodonta  plicata  Hall,  Thirteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1860,  p. 

90;— Pal.  New  York,  IV,  1867,  p.  114.— Nettelrotb,  Kentucky  Fossil  Shells, 

Mem.  Kentucky  Geol.  Survey,  1889,  p.  149. 
Loc,  Iowa  City  and  Independence,  Iowa;  Thedford,  Ontario;  Falls  of  Ohio. 

Stropheodonta  prisoa  Hall.  Clinton  (Sil.). 

Stropheodonta  prisca  Hall,  Pal.  New  York,  II,  1852,  p.  63,  pi.  21,  fig.  9. 
Loc.  Kirkland,  Oneida  County,  New  York. 

Stropheodonta  profunda  HaU.  Clinton  and  Kiagara  (Sil.). 

Leptaena  profunda  Hall,  Pal.  New  York,  II,  1852,  p.  61,  pi.  21,  figs.  4,  5. 

Stropbomena  profunda  Hall,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1859, 
p.  82. 

Stropbomena  niagarensis  Winchell  and  Marcy,  Mem.  Boston  Boo.  Nat.  Hist.,  I, 
1865,  p.  92,  pi.  2,  fig.  9. 

Strophodonta  profunda  Hall,  Twentieth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1867, 
pp.  369,  392,  pi.  13,  figs.  3,  4 ;— Twenty-eighth  Rep.  N.  Y.  State  Mus.  Nat. 
Hist.,  1879,  p.  151,  pi.  23,  figs.  9,  10;— Eleventh  Rep.  Indiana  State  Geol., 
1882,  p.  289,  pi.  23,  figs.  9,  10;  pi.  27,  fig,  18;— Second  Ann.  Rep.  N.  Y.  State 
Geol.,  1883,  pi.  44,  figs.  1-5  (tfigs.  19,  20).— Nettelrotb,  Kentucky  Fossil 
Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  148,  pi.  29,  fig.  26;  pL17,  figs. 
20,21. 
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,  proftinda  Hall — GontiDaed. 

Ota  (Brachyprion)  profnnda  Hall  and  Clarke,  Pal.  New  York,  VIII, 
892,  pi.  13,  figs.  1-6  (t  19,  20);  pi.  20,  figs.  29-31;  Pt.  II,  1895,  pi.  84, 

>ort.  New  York;  Waldrou,  Indiana;  Bridgeport,  Illinois;  Racine, 
iSin;  LonisYille,  Kentucky. 

,  teztiliB  Hall.  Coralline  (Sil.). 

nta  textilis  Hall,  Pal.  New  York,  II,  1852,  p.  327,  pi.  74,  fig.  6. 
nta  (Leptostropbia)  textilis  Hall  and  Clarke,  Pal.  New  York,  VIII, 
892,  p.  288. 
arie,  New  York. 

I  tnllia  (BillingB).  Upper  Helderberg  (Dev.)« 

la  tnllia  Billings,  Pal.  Fossils,  II,  1874,  p.  29,  pi.  2,  fig.  6. 
nta  (Leptostropbia)  tnllia  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt. 
p.  288. 
;  Joli  and  Split  Rock,  Perc^,  Canada. 

▼ariabilis  Oalvin.  Ghemung  (Dev.). 

ita  variabilis  Calvin,  Bull.  U.  S.  Geol.  Geogr.  Survey  Terr.,  IV,  1878, 

nta  variabilis  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p. 
15B,  figs.  4-6. 
sndence,  Iowa;  Naples,  New  York. 

▼aristriata  (Conrad).  Lower  Helderberg  (Dev.). 

la  varistriata  Conrad,  Joar.  Acad.  Nat.  Sci.  Pbiladelpbia,  VIII,  1842, 
pi.  14,  fig.  6.— BiHings,  Pal.  Fossils,  II,  1874,  p.  26,  pi  2,  fig.  3. 
la  reotilateris  Conrad,  Jour.  Acad.  Nat.  Sci.  Pbiladelpbia,  VIII,  1812, 
pi.  14,  fig.  7. 

la  impressa  Conrad,  Ibidem,  1842,  p.  255. 

ita  varistriata  Hall,  Pal.  New  York,  III,  1859,  p.  180,  pi.  8,  figs.  1-16; 
ftgs.  1-8;— Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  44,  figs.  6-16 
21,  22). 

nta  (Brachyprion)  varistriata  Hall  and  Clarke,  Pal.  New  York,  VIII, 
892,  pi.  13,  figs.  6-16,  21,  22. 

y  and  Scbobarie  counties.  New  York;  Dalbousie,  New  Brunswick, 
sp^,  Canada. 

,  varistriata  arata  Hall.  Lower  Helderberg  (Dev.). 

Ita  varistriata  var.  arata  Hall,  Pal.  New  York,  III,  1&59,  p.  183,  pi.  18, 
-Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  44,  figs.  17. 18. 
»nta  varistriata  var.  arata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt. 
pi.  13,  figs.  17, 18. 
m  and  Albany  counties.  New  York;  Arisaig,  Nova  Scotia  (Ami). 

I  vasoTilaria  Hall.  Oriskany  (Dev.). 

Ita  vascularia  HaH,  Pal.  New  York,  III,  1859,  p.  412,  pi.  92,  fig.  4; 
fig.  10  (tpl.  93,  fig.  2). 
y  County,  New  York. 

k  (1)  ventricosa  (Sbaler).  Anticosti  (Sil.). 

m  ventricoea  Sbaler,  Bull.  Mus.  Comp.  Zool.,  4,  1865,  p.  63. 
west  Point,  Anticosti. 

a  aequicostata  Swallow=rS.  callawayensis. 
a  altidorsata  Swallow =S.  navalis. 
a  ampla  Hall=Strophouel1a  ampla. 
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Strophodonta  boonensis  Swa]low=S.  navalis  boonensis. 
Strophodonta  cseJata  Hall=Strophonella  caelata. 
Strophodonta  cayumbona  Hall=Strophonella  cavumbona. 
Strophodonta  cayuta  HallsStopheodonta  mncronata. 
Strophodonta  cymbiforrais  Swa]low=S.  navalis. 
Strophodonta  oxilis  GalvinsStropheodonta  calvini. 
Strophodonta  fragilis  Hall=S.  perplana. 
Strophodonta  geniculata  Hall=Strophonella  genicalata. 
Strophodonta  headleyana  Hall^Strophonella  headleyana.  . 
Strophodonta  hybrid  a  Hall  and  Whitfield =Strophonella  re  versa. 
Strophodonta  imitata  A.  WincheU=:S.  demissa  imitata. 
Strophodonta  iTiflexa  Swa]low=S.  navalis  boonensis. 
Strophodonta  intermedia  Hall=Hipparionyx  proximns. 
Strophodonta  leaven worthana  Hall=Strophonella  leaven worthana. 
Strophodonta  mncronata  Hall=S.  interstrialis. 
Strophodonta  nacrea  Hall=Pholidostrophia  iowaensis. 
Strophodonta  punctnlifera  Hall=Strophouella  punctulifera. 
Strophodonta  qaadrata  Swallow=S.  callawayensis. 
Strophodonta  qaadrata  Calvin  (non  Swallow) =S.  calvini. 
Strophodonta  reversa  Hall=Strophonella  reversa. 
Strophodonta  striata  Hall=Strophonella  striata. 
Strophodonta  subcymbitbrmis  Swallow=S.  navalis. 
Strophodonta  subdemissa  Hall=S.  demissa. 
Strophodonta  textilis  Hall,  1857  (not  1852)=S.  jnnia^ 
STBOPHOMEKA  (Rafinesqne)  Blainville.    Genotype  S.  rngosa  Blainv. 

Stropbomena  Blainville,  Manuel  de  Malacologie  et  Conchy] iologie,  1. 1825,  p.  513, 
pi.  53,  fig.  2. — Defrance,  Dictionnaire  des  Sciences  Natu relies,  LI,  1827,  p.  151 
and  atlas. — King,  Mon.  Permian  Fossils,  Pal.  Soc,  1850,  p.  103. — ^Meek  (par- 
tim).  Pal.  Ohio,  I.  1873,  p.  73.— (Ehlert,  Fischer's  Manuel  de  Conchyliologie, 
1887,  p.  1281.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  245.— 
Winchell  and  Schuchert,  Minnesota  Geol.  Survey,  III,  1893,  p.  384. — Hall 
and  Clarke,  Eleventh  Ann.  Rep.  N.  Y.  State  Geologist,  1894,  p.  283. 

Strophomenes  Rafinesqne,  Desc.  Remarkable  Objects  in  the  Cabinet  of  Professor 
Rafinesqne,  1831,  p.  4. 

Hemipronites  Meek  and  Hayden,  Pal.  Upper  Missouri,  Smithsonian  Cont.  to 
Knowl.  XIV^,  172,  1864,  p.  24.— Miller,  Cincinnati  Quart.  Jour.  Sci.,  II,  1875, 
p.  41. 

Ohi,  This  genus  is  characteristic  of  the  Ordovician,  and  probably  does  not 
extend  into  the  Silurian,  where  Orthothetes  replaces  Strophomena.  A  num- 
ber of  Silurian  species  are  still  left  under  Strophomena  since  their  generic 
characters  are  unknown. 

Stropbomena  acanthoptera  Whiteaves=Stropheodonta  acanthoptera. 
Strophomena  acutiradiata  Ha]l=:Gbonetes  acntiradiatns. 
Strophomena  altemata  EmmonB=Baflnesquina  alternata. 
Strophomena  alternata  fracta  Meek=Eafinesquina  alternata  fracta. 
Strophomena  alternata  loxorhytis  Meek=Rafinesqnina  alternata  lox- 

orhytis. 
Strophomena  alternistriata  Hall=Bafinesqnina  alternata  altemistriata. 
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Strophomeiia  (?)  altoniindiata  Shaler.  Anticosti  (Sil.). 

StrophomeDa  alterniradiata  Shaler,  Bull.  Mas.  Comp.  Zool.,  4,  1865,  p.  63. 
Loc,  Southwest  Point,  Anticoeti. 

Strophomena  ampla  HallssStrophouella  ampla. 
Strophomena  anologa  Davidson,  1863=Leptena  rhoniboidalis. 
Strophomena  angnlata  Owen=Bafinesquiua  alternata. 
Strophomena  anticoBtiensis  Shaler=Bafine8qaina  alternata. 

Strophomena  (t)  antiqnata  Sowerby.  Auticosti  (Sil.). 

Strophomena  antiqiiata  Bowerby,  Mnrohison's  Silorian  System,  1839. — Biiling8| 

Pal.  FoBsiU,  1, 1862,  p.  129,  fig.  107. 
Loc*  Europe ;  Anticoeti ;  forks  of  the  Chatts  Biyer,  Gasp^. 
Obs,  This  identification  is  doubtful. 

Strophomena  approzimata  (James).  Lorraine  (Ord.). 

Streptorhynohus  approzimata  James,  The  Paleontologist,  6,  1881,  p.  43 ;  2,  ^878, 

p.  15. 
£oc.  Dearborn  County,  Indiana. 
Ob:  Not  defined  so  as  to  be  recognizable. 

Strophomena   arctostriata   Hall=Orthothetes  chemangensis   arctos- 
triatas. 

Strophomena  (t)  aronata  Shaler.  Anticosti  (Sil.). 

Strophomena  arcuata  Shaler,  Bull.  Mns.  Comp.  Zool.,  4,  1865,  p.  62. 
Xoo.  Ellis  Bay,  Anticoeti. 

Strophomoia  (!)  arethiua  Billings. '  Lorraine  (Ord.). 

strophomena  arethusa  Billings,  Pal.  Fossils,  I,  1862,  p.  132. 
Xoo.  Observation  Cape,  Anticosti. 

Strophomena  at^va  Matthew=Baflne8qniua  atava. 
Strophomena  aurora  Billing8=Eafine8quina  aurora. 
Strophomena  bifurcata  HallsOrthothetes  chemangensis. 

Strophomena  InllingBi  Winchell  and  Schnchert.  Trenton  (Ord.). 

Strophomena  reota  Billings  (non  Conrad),  Pal.  Fossils,  I,  1862,  p.  130,  fig.  108. 
Strophomena  biUingsi  W.  and  S.,  Minnesota  Geol.  Survey,  III,  1893,  p.  397,  fig. 

32.— Whiteaves,  Pal.  Foss.,  Ill,  Pt.  Ill,  1897,  p.  170. 
Loc,  Ottawa,  Canada;  St.  Paul,  Cannon  Falls,  and  Fountain,  Minnesota;  East 

Selkirk,  Manitoba. 

Strophomena  (?)  hipartita  Hall.  Coralline  (Sil.). 

Lepteena  bipartita  HaU,  Pal.  New  York,  II,  1852,  p.  326,  pi.  74,  figs.  4, 5. 
Strophomena  bipartita  Hall,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1859,  p.  82. 
Loc.  Schoharie,  New  York. 

Strophomena  blainvillii  Billings^Stropheodonta  blainvillei. 
Strophomena  camerata  ConradssBafinesquiua  deltoidea. 

Strophomena  oardinalji  (Whitfield).  Lorraine  (Ord.). 

Streptorhynchus  cardinale  Whitfield,  Geol.  Wisconsin,  IV,  1882,  p.  261,  pi.  12, 

figs.  9, 10. 
Strophomena  cardinale  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  252. 
Loc,  Delafield,  Wisconsin. 

.  Strophomena  carinata  Conrad,  1838=Tropidoleptus  carinatus. 
Strophomena  carinata  Conrad,  1842  (non  1838)=Chonetes  coronatus. 
Strophomena  ceres  Billings=Bafinesquina  ceres. 
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Strophomena  chemungensis  Conrad =Orthothe tea  chemaugeusis. 
Strophomena  concava  Halli=8tropheodoiita  concava.  i 

StrophomeDa  conradi  Hall  (1859)=:Strophonella  conradi. 

Strophomeiia  oonradi  Hall  and  Clarke.  Trenton  (Ord.). 

StrophomeDa  oonradi  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  344, 

pi.  9A,  fig.  3;  pi.  20,  figs.  32, 33. 
Loc.  Jacksonburg,  New  York. 

Strophomena  convexa  Owen^S.  incorvata. 
Strophomena  comata  HalI=Chonete8  cornutos. 
Strophomena  corragata  Conrad  =:Stropheodonta  corragata. 
Strophomena  crebristriata  Conrad =Stropheodonta  crebristriata. 
Strophomena  crenistria  HalI=Stropheodonta  perplana. 

Strophomena  (t)  deolivis  James.  Lorraine  (Ord.). 

Strophomena  declivis  James,  Cincinnati  Quart.  Jour.  Sin.,  I,  1874,  p.  240. 
Loc,  Boyds  Station,  Kentucky. 

Strophomena  deflecta  Conrad =Dinorthis  deflecta. 
Strophomena  delthyris  Conrad =Stropheodonta  perplana. 
Strophomena  deltoidea  Conrad  ssBafinesquina  deltoidea  and  li.  miu- 

nesotaensis. 
Strophomena  demissa  Conrad  =:Stropheodonta  demissa. 
Strophomena  depressa  yanaxem=Lept9ena  rhomboidalis. 
Strophomena  depressa  ventricosa  Hall=Lept8Bna  rhomboidalis  ven- 

tricosa. 

Strophomena  (!)  doneti  Salter.  Silurian. 

Strophomena  doneti  Salter,  Jour,  of  a  Voyage  in  Bafflna  Bay  and  Barrow  Straits, 

1852. 
Loc.  Wellington  Channel. 

Strophomena  elegantula  nall=Plectambonites  trausversalis. 

Strophomena  (t)  elliptica  Conrad.  Niagara  (Sil.). 

Strophomena  ellipticaConrad,  Third  Ann.  Rep.  Geol.  Survey  New  York,  1839,  p.  64. 
Loc.  Rochester,  New  York. 

Strophomena  (!)  elongata  Conrad.  Lower  Helderberg  (Dev.). 

Strophomena  elongata  Conrad,  Jour.  Acad.  Nat.  Sci.  Philadelphia,  VIII,  1842, 

p.  259. 
Loc,  Schoharie,  New  York. 

Strophomena  emadata  Winchell  and  Schuchert.  Trenton  (Ord.). 

Strophomena  emaciata  W.  and  S.,  American  Geol.,  IX,  1892,  p.  287; — Minnesota 

Geol.  Survey,  III,  1893,  p.  399,  pi.  31,  figs.  22-24. 
Zoo.  Near  Cannon  Falls,  Minnesota. 

Strophomena  englyphya  Conrad,  and  Boomers: Strophonella  punctuli- 
fera. 

Strophomena  fasciata  Hall=Bafinesqaina  fasciata. 

Strophomena  filitexta  Meek,  White,  and  Hall=S.  neglecta  or  S.  incor- 
vata. 

Strophomenes  flexilii  Eafinesque.  ^^  Limestone  of  Ohio." 

Same  paper  as  for  S.  levigata,  1831,  p.  4. 
Obs,  Not  defined  so  as  to  be  recognizable. 
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Strophomfiiia  fiuetnofa  Billings.  Lorraine  (Old.). 

Strophomena  flaotaosa  BillingB,  Canadian  Nat.  Oeol.,  V,  1860,  p.  57,  fig.  6;— Pal. 
Fo8idl0,  I,  1862,  p.  123;  fig.  102;— Oeol.  Canada,  1863,  p.  209,  fig.  207.— Hall 
and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  251,  pi.  IIA,  figs.  4, 5.— Win- 
chell  and  Schnchert,  Minneeota  Oeol.  Sorvey,  III,  1898,  p.  385,  pi.  31, 
figs.  14-17. 

Loe.  CharletoE  Point,  Antioosti;  Spring  Valley,  etc.,  Minneeota. 

StrophomeDa  fontinalis  Whit6=Dinorthis  fontinalis. 
Strophomena  fragilis  Hall=Stropheodonta  perplana. 
Strophomena  galatea  BillingsssStropheodonta  galatea. 
Strophomena  gibbosa  James =Lept8Bna  rhomboidalia. 

Btrophomena  (?)  gibbosa  Conrad.  Upper  Helderberg  (Dev.). 

strophomena  gibboea  Conrad,  Fifth  Ann.  Rep.  Geol.  Survey  New  York,  1841,  p.  54. 
Loe.  Helderberg  Monntaine,  New  York. 

Strophomena  gilpeni  Dawson =Stropheodonta  gilpeni. 
Strophomena  halU  8arde8on=Leptsena  charlottie. 

Strophomena  hallie  Miller.  Utica  (Ord.). 

Streptorbyncbiu  (!)  hallie  Miller,  Cincinnati  Quart.  Jour.  Sci.,  1, 1874,  p.  148,  figs. 

14-16. 
Streptorhynchus  hallanum  Miller,  North  American  Geol.  and  Pal.,  1889,  p.  378. 
Strophomena  hallie  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  252. 
Lee.  Cincinnati,  Ohio. 

Strophomena  hanoverensis  Foer8te=StrophonelIa  striata. 

Btrophomena  hecnba  Billings.  Lorraine  (Ord.). 

Strophomena  hecnba  Billings,  Canadian  Nat.  Geol.,  V,  1860,  p.  60,  fig.  7 ;— Pal.  Fos- 

Bihi,I,  1862,  p.  126^  fig.  104;— Geol.  Canada,  1863,  p.  209,  fig.  206.— Hall  and 

Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  252. 
Loe.  Anticoeti. 

Strophomena  hemispberica  Hall=Stropheodonta  hemispherica. 

Strophomena  (t)  imbeeiliB  Billings.  YOalciferons  (Ord.). 

Strophomena  imbecilis  Billings,  Pal.  Fossils,  1, 1865,  p.  219. 
Loe.  Near  Portland  Creek,  Newfoundland. 

Strophomena  imbrex  Billings=Bafinesqnina  imbrex. 
Strophomena  impressa  Conrad =Stropheodonta  varistriata. 
Strophomena  insRqniradiata  Hall=Stropheodonta  insequiradiata. 
Strophomena  incrassata=Bafinesqnina  incrassata  and    E.  minneso- 
taensis. 

Strophomena  inonrvata  (Shepard).  Trenton  (Ord.). 

Prodncta  incurvata  Shepard,  American  Jour.  Sci.,  XXXIV,  1838,  p.  144,  figs.  1, 2. 
Orthis  incurvata  Castelnau,  Essai  sur  le  Syst^me  Silurien  de  TAm^rique  Septen- 

trionale,  1843,  p.  38. 
Strophomena  convexa  Owen,  Geol.  Expl.  Iowa,  Wisconsin,  and  Illinois,  1844, 

p.  70,  pi.  XVII,  fig.  2. 
Leptsena  filltezta  Hall,  Pal.  New  York,  I,  1847,  p.  Ill,  pi.  31B,  fig.  3. 
Strophomena  filitezta  Billings,  Canadian  Nat.  Geol.,  I,  1856,  p.  203,  figs.  1, 2.-- 

Hall,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1859,  p.  70.— Billings,  Geol. 

Canada,  1863,  p.  164,  fig.  142.— Hall  and  Clarke,  Pal.  New  York,  Vin,Pt.  I, 

1892,  p.  251,  pi.  9,  figs.  1-7  J  pi.  9A,  figs.  11-14  (non  figs.  10, 15=8.  neglecta). 
Streptorhynchus  filltezta  Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  39, 

figs.  1-7;  pi.  42,  figs.  11-14  (non  figs.  10,  15=  S.  neglecta). 
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Strophomena  inourYata  (Shepard) — Gontinaed. 

Strophomena  incorvata  Winohell  and  Schachert,  Minnesota  Qeol.  Snrrey,  III, 

1893,  p.  385,  pi.  30,  figs.  36-40.— Whiteaves,  Pal.  Foes.,  Ul,  Pt.  UI,  1897,  p.  167. 
Lae,  New  York;   Kentacky;  TeDoessee;  Miseoari;  Wisoonsin;  Iowa;  Minne- 

Bota;  Manitoba;  Canada. 

StrophomeDa  inqaassa   Sardeson  =  Bafinesqnina  minnesotaensis   in- 

quassa. 
StrophomeDa  interstrialis  Ha1I=Stropbeodonta  mncronata. 
Strophomena  interstrialis  Yanuxem,  and  HaIl=Stropheodonta  inter. 

strialia. 
Strophomena  irene  Billing8=:Stropbeodonta  irene. 
Strophomena  ithacensis  YanuxemsAtrypa  reticalaris. 
Strophomena  (1)  jnlia  Billings.  Anticosti  (Sil.). 

strophomena  jalia  Billings,  Pal.  Fossils,  I,  1862,  p.  127,  fig.  105. 
Lepttena  Julia  Shaler,  Bull.  Mas.  Comp.  Zool.,  4,  1865,  p.  65. 
Loo,  Anticosti. 

Strophomena  kingi  Whitfield =Eafinesqnina  kingi. 

Strophomena  Isevis  Emmons.  Birdseye  (Ord.). 

Strophomena  Isevis  Emmons,  Geol.  New  York ;  Rep.  Second  Dist.,  1842,  p.  886, 

fig.  972. 
Loe,  Great  Bend,  Jefferson  County,  New  York. 

Strophomena  lachrymosa  Conrad =Productella  lachrymosa. 
Strophomena  leda  Billings =Stropheodonta  leda. 
Strophomena  lepida  Hall=Pholidostrophia  iowaensis. 

Strophomenes  levigata  Eafinesque.  ^'  Kentacky  limestone.'^ 

Enumeration  and  Account  of  Some  Remarkable  Natural  Objects  in  the  Cabinet 

of  Professor  Rafinesque,  1831,  p.  4. 
Ohs.  Not  defined  so  as  to  be  recognizable. 

Strophomena  lima  Conrad =ProductelIa  lachrymosa  lima. 
Strophomena  lineata  Conrad=Chonetes  lineatas. 
Strophomena  macra  Winchell  and  Marcy^Stropheodouta  macra. 
Strophomena  magnifica  BiIlings=Stropheodonta  magnifica. 
Strophomena  magniventra  Billings =Stropheodonta  magniventer. 
Strophomena  membranacea  yanuxem=Productella  hirsata. 
Strophomena  minnesotensis  Winchell=Eafiiiesqaina  minnesotaensis. 
Strophomena  (?)  minor  (Walcott).  Pogonip  (Ord.). 

StreptorhynchuH  minor  Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  75,  pi. 

11,  fig.  9. 
Loc,  Eureka  district,  Neyada. 

StrophomeiLa  (!)  modesta  Conrad.  Y  Clinton  (Sil.). 

Strophomena  modesta  Conrad,  Third  Ann.  Rep.  N.  Y.  Geol.  Survey,  1839,  p.  64. 
Loo.  Rochester,  New  York. 
Ohs,  Compare  with  Plectambonites  sericea  and  P.  elegantula. 

Strophomena  mncronata  Hall  (non  Conrad) =Chonete8  mncronatns. 
Strophomena  mncronata  Conrad  (non  Hall) =Stropheodonta  mncronata. 
Strophomena  nacrea  Hall=sPholidostrophia  iowaensis. 

Strophomena  (1)  nassnla  Conrad.  Carboniferons. 

Strophomena  nassula  Conrad,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  III,  1846,  p.  23. 
Loc.  Jersey  Shore,  Lycoming  County,  Pennsylvania. 
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Strophomena  nasuta  Conrad =Bafiiie8qiiina  alternata  nasnta. 
Strophomena  negleeta  (James).  Lorraine  (Ord.)* 

StrophomenA  filitezta  Meek  (non  Hall),  Pal.  Ohio,  I,  1873,  p.  83,  pi.  6,  fig.  5. 
r  Strophomena  filitexta  White,  U.  S.  Geol.  and  Geogr.  Survey  west  100th  Merid., 

IV,  1875,  p.  69,  pi.  4,  iig.  8. 
Hemipronitee  filitextus  Miller,  Cincinnati  Quart.  Jour.  Sci.,  II,  1875,  p.  43. 
Streptorhynchus  negleeta  James,  The  Paleontologist,  5,  1881,  p.  41. 
Streptorhynchus  filitextus  (partim)  Hall,  Second  Ann.  Rep.  N.  Y.  State  Oeol., 

1883,  pi.  42.  figs.  10,  15  (non  figs.  11-14);  pi.  39,  figs.  1-7. 
Strophomena  filitexta  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  9A, 

figs.  10, 15  (non  figs.  11-14);  pi.  IIA,  fig.  3. 
Strophomena  negleeta  Winohell  and  Schuchert,  Minnesota  Oeol.  Surrey,  III, 

1893,  p.  388. 
Loc,  Oxford,  Clarksrille,  Wayneeville,  etc.,  Ohio;  Richmond,  Versailles,  etc., 

Indiana;  Savanna,  Illinois;  f  Silver  City,  New  Mexico. 

Strophoiiieiia  negleeta  acata  Wincbell  and  Schuchert.       Lorraine  (Ord.). 
strophomena  negleeta  var.  acuta  W.  and  S.,  Minnesota  Geol.  Survey,  III,  1893, 

p.  388,  pi.  31,  figs.  6,  7. 
Loc,  Spring  Valley,  Minnesota. 

Strophomena  Y  iiemea  Hall  and  WhitfieldsrDalmanella  pogonipensis. 
Strophomena  nervosa  nall=Stropheodonta  perplana  nervosa. 
Strophomena  niagarensis  Winchell  and  Marcy=Stropheodonta  pro- 

fnnda. 
Strophomena  nitens  Billings=Bafinesquina  nitens. 

Straphomena  nutans  Meek.  Lorraine  (Ord.). 

Strophomena  (Hemipronites)  nutans  (James)  Meek,  Pal.  Ohio,  I,  1873,  p.  77,  pi. 

6,  fig.  1. 
Hemipronites  nutans  Miller,  Cincinnati  Quart.  Jour.  Sci.,  II,  1875,  p.  46. 
Streptorhsruchns  nutans  Miller,  N.  American  Geol.  Pal.,  1889,  p.  378. 
Strophomena  nutaucT  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  251, 

pi.  8,  fig.  11;  pi.  9A,  figs.  5-7;  pi.  11  A,  figs.  6, 7. 
Loc.  Oxford,  Clarksville,  etc.,  Ohio;  Richmond,  Versailles,  etc.,  Indiana. 

Strophomena  obscnra  Hall=Bafinesqnina  obscura. 

Btrophomeiia(?)  orthididea  Hall.  Clinton  (Sil.). 

LeptJBua  orthididea  Hall,  Pal.  New  York,  II,  1852,  p.  62,  pi.  21,  fig.  7. 
Strophomena  orthididea  Hall,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1859, 

p.  82. 
Loc,  Kirkland,  Oneida  County,  New  York. 

Strophomena  patenta  HaIl=Strophonella  patenta. 
Strophomena  patersoni  Hall=:Stropheodonta  patersoni. 
Strophomena  pecten  Eoemer,  and  Billings^Orthothetes  sabplanns. 
Strophomena  pectinacea  Hall=:Orthothetes  chemungensis. 
Strophomena  perplana  Conrad =Stropheodonta  perplana. 

Strophomena  philomela  Billings.  Anticosti  (Sil.). 

Strophomena  philomela  Billings,  Canadian  Nat.  Greol.,  V,  1860,  p.  56,  figs.  4, 5;— 
Pal.  Fossils,  I,  1862,  p.  122,  figs.  100, 101;— Geol.  Canada,  1863,  p.  311,  fig.  317. 
Loc.  Anticosti. 

Strophomena  planioonvexa  Hall.  Lorraine  (Ord.). 

Leptsena  planoconvexa  Hall,  Pal.  New  York,  I,  lSi7,  p.  114,  pi.  31B,  fig.  7. 
BuU.  87 ^28 
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StropbomeEa  planiconvexa  Hall — Continued. 

Stropliniuisiia  pliinocoiiveia.  H«1L  Twelfth  Rep.  N.  Y.  Stat^Cftb.  K»t.  Hbt,lSi6^ 

p^  TtX-^Hall  and  Clarke,  PaL  New  York,  Yin,  Pt.  l,  1892,  p.  251,  pL  9,  to- 

19,  20. 
Strophoiiiena  (HernipronitoB)  planocanvexa  Meek,  Pah  O\kio,  f^  IFTS,  p,  82«pL6, 

fig.  2. 
HomiprointBH  planooonvexa  Miller,  Cincinnati  Quart.  Jonr.  ScL^  11^  1875,  p.  l& 
BtreptoTbyiii^biis  planoconvexus  Miller^  American   Pal.  Fossils,   1877,  p.  134,— 

HalK  Seeond  Ann.  Rep.  N.  W  State  Oeol.,  1883,  pL  39.  figs.  19,  20. 
Loo.  Cincinnati,  Oliio. 

Strophomena  planidorsata  Winchell  and  Scliueliort.  Lorraine.  (Ord.)* 

!Straphoin<  ua  planmk^rsata  W.  and  S.j  American  GeaL,  IX  ♦  1892,  p.  286;— Minnfr- 

aolia  Geol.  Srirvey,  III,  1893,  p.  39H,  pL  31,  llga.  S-IO. 
Loe.  BpTtn^  Valley ^  Mitin«jftota;  Iron  Ridge,  Wiaeanain;  Wilraingtoo^  [lUiKiii. 

StrTOphQineiia  plauninboiia  Kalt=B.  riigosa. 

Stropliomena  plicntii  Meck=S.  rngosa  mibteiita. 

Strophomena  plitdfera  HaiI=Dalmanellaplidfcra. 

Stropliomeua  pleuristriata  CoiirfKi  =  Stropheodoiita  perplana. 

Htrophomeiia  proiimda  Hall==Btroplieodoiita  profunda. 

Stroplioniena  punctiiHfera  yanuxeni  =  Stropboi]ella  punctulifera, 

Strophomena  pu^tulosa  Hall  (uou  Phillips) =Btroplia]osiia  tmncata. 

S  trophom  en  a  rad  i  at  a  V  a  n  a  xem = S  tropli  on  el  ]  a  rad  i  ata. 

Strophomena  recta  Conrad  =^Di  north  is  deflecta. 

Strophomena  reel  a  Billings =8-  hillingai. 

Strophomena  re^^tilateraria  Meek  and  Wortheu=Stropboiiellft  cavum- 

bona. 
Strophomena  recti  1  ate ris  Con  rad = Strop heod on  ta  varistriata, 

Strophomena  (!)  reticulata  S baler.  Niagara  f  SiL). 

.Strop home Qf*  reticnlata  Shaler,  JJnll.  Mns.  Coinp,  Zoul.f  4,  1865,  p,  62, 
Loe,  AntJco«ti. 

Stropliomeua  rbomboidalis^rjeptfeua  rliomboidalia. 
Stro^ihomena  vh^ohsl  ITall  (non  BlainvilIe)=Leptiena  rhomhoidalls. 

Btropbomena  mgosa  (EaUnesque  MS.)  Blainville.  liDrraioe  (Ord.)i 

Strophomena  rug o^a  (RafiD&Bquc)  BlauL^ille,  Malaeolope  et  Conchy liologmt  I p 
1^"3,  p.  513,  pi.  r»3,  tigs.  2,  2a.— Kin ^,  Moa,  Permian  Foastla,  PaL  8®i\,  18S0, 
p.  103.— Hall  and  Clarke,  Pal,  New  York,  Till,  Pt.  1,  lSf*2,  p.  247,  fig».  13, 
ll._Wincb©ll  and  Scliiicbert,  Minnesota  Geol.  Survey,  Ul,  1893,  p.Sm,  pl 
31,  figs.  4,  D.— Wbiteavea,  Pal.  Foaa.,  Ill,  Pt.  Ill,  1897,  p.  168. 

BtroplLumenes  nigona  Delrance,  Diction  aire  dea  Sciencea  MatnraUea,  1, 1^S7.  p.  I  St 
aud  atlan. 

Lept^-na  plamttnbona  Hall,  Pal.  New  York,  T,  1847,  p.  112,  pi.  31,  fig.  4. 

LeptR'Ua  (ti.  gp.  t)  OwcD,  G«ot,  Survey  Wiscouaib^  luwa,  Minnesota,  1852,  pl^B. 
fig*  21.     [Hcc  speciuiHiitj  iti  U.  S»Nat,  Miis.,  Cat.  Invert.  Foss*-,  17STti.] 

Strophomena  plauumbona  Hall,  Geol.  Wisconsin,  1, 1862^  p«r»t,  %.7. — White,  $tt' 
ond  Ann.  Rep^  Indiana  Bureau  Statistics  and  GeoL  ,  1S80,  p,  483,  pL  2,  iifs.1^ 
U  ;«-Teuth  Rep,  Indiana  Hfcato  GeoL,  1881,  p.  U5,  ph  2,  figs.  13,  H.—^tialir 
(partim),  Mem,  Keutncl%y  OeoU  Surrey,  1S87,  p.  13,  pla,  4,5, — Kej«s,  G«it 
Survey  MiasouTi,  \%  iH^i,  p.  73* 

Strophomena  (Hemiprottitei)  plannmbona  Mdek,  Pal,  Ohio,  I,  1SFJ3,  p.  7apl*^» 
fig.  3. 
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t)Ba  (Bafinesqjcie  MS.)  BlainvUle — Gontinned. 

lOfl  (StTophomena)  elongata  JameS;  Cincinnati  Quart.  Jour.  Soi., 

240. 

planumbona  Miller,  Cincinnati  Quart.  Jour.  Sci.,  II,  1875,  p.  46. 

lUB  planumbonuB  Miller,  American  Pal.  Fossils,  1877,  p.  134. 

us  elongata  Mickelborough  and  Wetherby,  Jour.  Cincinnati  Soc. 

,  I,  1878,  p.  76. 

us  planumbona  Hall,  Second  Ann.  Rep.  N.  T.  State  Qeol.,  1883, 

.15-17;  pL  42,  figs.  8, 9. 

ilanumbona  or  rugosa  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt. 

251,  pi.  9,  figs.  15-17 ;  pi.  9A,  figs.  8, 9.  , 

liana ;  Kentucky ;  Missouri ;  Minnesota  and  Anticosti .    Lower  Fort 

nitoba.    Probably  also  at  Lattners,  Iowa,  and  Irouridge,  Wisconsin. 

:oBa  subtenta  (Hall).  Lorraine  (Ord.). 

subtenta  Conrad,  P'ifth  Ann.  Rep.  N.  Y.  Qeol.  Survey,  1841,  p.  37 
I).— BiUings,  Pal.  Fossils,  I,  1862,  p.  132,  fig.  109  on  p.  130. 
mta  HaU,  Pal.  New  York,  1, 1847,  p.  115,  pi.  31B,  fig.  9. 
[Hemipronites)  plioata  (James)  Meek,  Pal.  Ohio,  1, 1873,  p.  81,  pi. 

subtenta  Miller,  Cincinnati  Quart.  Jour.  Sci.,  II,  1875,  p.  46. 
rugosa  yar.  subtenta  Winchell  and  Schucbert,  Minnesota  Geol. 
1, 1893,  p.  393.— Whiteaves,  Pal.  Fobs.,  Ill,  Pt.  Ill,  1897,  p.  169. 
\  as  for  S.  rugosa. 

ig08a  ventricosa  H.=Leptsena  rhomboidalis  ventricosa. 

fleldi  Winchell  and  Schnchert.  Trenton  (Ord.). 

scofieldi  W.  and  S.,  American  Geol.,  IX,  April,  1892,  p.  286;— 

^  Geol.  Survey,  III,  1893,  p.  398,  pi.  31,  figs.  18-21. 

lus  subsulcatum  Sardeson,  Bull.  Minnesota  Acad.  Nat.  Sci.,  Ill, 

02,  p.  335,  pi.  4,  fig.  39. 

■"alls,  Minneapolis,  and  St.  Paul,  Minnesota ;  Beioit,  Wisconsin. 

3mifa8ciata  Hall=Strophonella  semifasciata. 

»niovalis  Conrad  (non  Shaler)=Plectambonites  sericeus. 

•emiovalis  Shaler.  Anticosti  (Sih). 

semiovalis  Shaler,  Bull.  Mus.  Comp.  Zool.,  4, 1865,  p.  61. 
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tata  Winchell  and  Schnchert.  Trenton  (Ord.). 

septata  W.  and  S.,  American  Geol.,  IX,  1892,  p.  285; — Minnesota 
rey.  III,  1893,  p.  390,  pi.  30,  figs.  1-3. 
Minneapolis,  and  Rochester,  Minnesota. 

3ricea=PlectamboniteB  sericens. 
stigera  Hall=Ghonetes  setigerns. 

nlnriana  Davidson.  Silarian. 

Bilnriana  Davidson,  British  Sil.  Brach.,  Pal.  Soc,  1871,  p.  303,  pi.  47, 
-Etheridge,  Quart.  Jour.  Geol.  Soc.  London,  XXXIV,  1878,  p.  597. 
;  Cape  Leidy,  lat.  79°  38'. 

inuata  Emmons  (non  Meek)=S.  sulcata. 

oata  Meek.  Lorraine  (Ord.). 

(Hemipronites)  sinuata  (James)  Meek,  Pal.  Ohio,  1, 1873,  p.  87,  pi. 
on  S.  sinuata  Emmons,  1855). 

sinuata  Miller,  Cincinnati  Quart.  Jour.  Sci.,  II,  1875,  p.  50. 
sinuata  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  251. 
tiy  Ohio. 
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Strophomena  sqaamula  JamesssBafinesqaina  squamula. 

Strophomena  striata  HallssStrophonella  striata. 

Strophomena  sabplana  Conrad  =:  Or thothetes  subplanns. 

Strophomena  sabtenta  Gonrad=S.  rugosa  subtenta. 

Strophomena  inloata  (Vernenil).  Lorraine  (Ord.). 

LeptsBna  snloata  Vemeail;  Bull.  Geol.  Soc.  France,  2d  ser.,  V,  1848;  p.  350. 
Strophomena  sinuata  Emmons,  American  Geo!.,  1, 1855,  p.  199,  fig.  61. 
Strophomena  (Hemipronitesf )  sulcata  Meek,  Pal.  Ohio,  I,  1873,  p.  85,  pi.  5,  tig.  4. 
Heoiipronltes  sulcata  Miller,  Cincinnati  Quart.  Jour.  Sci.,  II,  1875,  p.  48,  fig.  5. 
Strep;fcorhynchu8  sulcatus  Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  39, 

figs.  8,  9. 
Strophomena  sulcata  Hall  and  Clarke,  Pal.  New  York,  YIII,  Pt.  I,  1892,  pi.  9, 

figs.  8,  9;  pi.  UA,  fig.  8. 
Loc»  Oxford,  Clarksville,  etc.,  Ohio;  Richmond,  Indiana. 

Strophomena  syrtalis  Conrad =Ghonete8  coronatus. 

Strophomena  (t)  talaoastrenoB  Kayser.  Ordovician. 

Strophomena  talacastrensis  Kay 8er,Pala)ontographica,  Snppl.,  HI,  1876,  p.  20,  pi. 

3,  tig.  20. 
Loc.  Talacastra,  Cordillere  San  Juan,  Argentine  Republic. 

Strophomena  tennilineata  Conrad=Bafine8qaina  tenuilineata. 
Strophomena  tenui8triata=:Leptsena  rhomboidalis. . 
Strophomena  textilis  Hall=Stropheodonta  junia. 

Strophomena  thalia  Billings.  Trenton  (Ord.). 

Strophomena  thalia  Billings,  Canadian  Nat.  Geol.,  V,  1860,  p.  59;— Pal.  Fossils, 
I,  1862,  p.  125,  fig.  103;— Geol.  Canada,  1863,  p.  164,  fig.  143.^Hall  and 
Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  251. 
Loc.  Ottawa,  Canada. 

Strophomena  trans versalis  Hall=Plectambonites  trans versalis. 

Strophomena  trentonensis  Winchell  and  Schnchert.  Trenton  (Ord.). 

LeptfBua  subtenta  (partim)  HaU,  Pal.  New  York,  I,  1847,  p.  115. 
Streptorhynchus  subtenta  Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  39, 

fig.  18. 
Strophomena  subtehta  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  251, 

pi.  9,  fig.  18. 
Strophomena  trentonensis  AV.  and  S.,  Minnesota  Geol.  Survey,  III,  1893,  p.  389, 

pi.  30,  fig.  41. 
Loc.  Cannon  Falls,  Minneapolis,  and  Fountain,  Minnesota ;  Janesville  and  Beloit, 

Wisconsin;   Frankfort,    Kentucky;  Nashville,  Tennessee;  Trenton  Falls, 

New  York. 

Strophomena  trilobata  (Owen).  Trenton  (Ord.). 

Leptaena  trilobata  Owen,  Geol.  Survey  Wisconsin,  Iowa,  Minnesota,  1852,  p.  584, 
pi.  2,  figs.  17, 18.    [See specunens  in  U.  S.  Nat.  Mus.,  Cat.  Invert. Foss.,  17875.] 

Strophomena  trilobata  Miller,  American  Pal.  Fossils,  1877,  p.  138.— Winchell 
and  Schnchert,  Minnesota  Geol.  Survey,  III,  1893,  p.  395,  pi.  31,  figs.  12, 13.— 
Whiteaves,  Pal.  Fobs.,  Ill,  Pt.  Ill,  1897,  pp.  169,  241. 

Loc,  Turkey  River,  Iowa;  Goodhue  County,  Minnesota;  Lake  Winnipeg,  Mani- 
toba. 

Strophomena  tullia  BilIings=Stropheodontatullia. 
Strophomena  ulrichi  James^Eafinesquina  ulrichi. 
Strophomena  unicostata  Meek  and  Worthen=£aanesqaina  onicostata. 
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Strophomeoa  undulatus  Yaiiaxein=sLeptfiena  rhomboidalis. 
Strophomena  undulosa  Conrad  ^Leptsena  audnlosa. 
Stropbomena  yaristriata  Conrad =Stroplieodonta  varistriata. 

Strophomena  yetiuta  James.  Lorraine  (Ord.). 

Streptorhynchns  (Strophomena)  vetusta  James,  Cincinnati  Quart.  Jonr.  Soi.,  I, 

1874,  p.  241. 
Streptorhynchus  yetasta  Mickelborongh  and  Wetherby,  Jour.  Cincinnati  Soc. 

Nat.  Hist.,  I,  1878,  p.  76.— Jamee,  The  Paleontologist,  2,  1878,  p.  15. 
Loc.  Upper  part  of  Cincinnati  groap  in  Ohio  and  Indiana. 

Strophomena  winchelli  Hall  and  Clarke.  Trenton  (Ord.). 

Streptorhynchns  (StrophoDcllaf )  deltoidea  HaU  (non  Lepteena  deltoidea  1847), 

Second  Ann.  Rep.  N.  Y.  State  Geol.,  188^,  pi.  39,  figs.  10, 12-14  (non  fig.  11= 

8.  nutans). 
Strophomena  winchelli  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  344, 

pi.  9,  figs.  10, 12-14 ;  pi.  20,  fig.  26.— Winchell  and  Schuchert,  Minnesota  Geol. 

Surrey,  III,  1893,  p.  394,  pi.  31,  fig.  11. 
Loc,  Janesville,  Clifton,  and  Oshkosh,  Wisconsin. 

Strophomena  wisconsinensis  Whitfield.  Lorraine  (Ord.). 

Strophomena  wisconsinensis  Whitfield,  Geol.  Wisconsin,  IV,  1882,  p.  263,  pi.  12, 

figs.  11-13. 
Strophomena  winconsinensis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892, 

p.  251,  pi.  IIA,  figs.  1,  2. 
Loc.  Delafield,  Wisconsin. 

Strophomena  woolworthana  Hall=Orthothete8  woolworthana. 

STBOPHOKELLA  Hall.  Genotype  Strophomena  semifasciata  Hall. 

Strophonella  Hall,  Twenty-eighth  Rep.  N.  Y.  State  Mus.  Nat.  Hist.,  1879,  p.  153;— 

Eleventh  Rep.  Indiana  State  Geologist,  1882,  p.  291.— Hall  and  Clarke,  Pal. 

New  York,  VIII,  Pt.  I,  1892,  p.  290 ;— Eleventh  Ann.  Rep.  N.  Y.  State  Geolo- 

gist,  1894,  p.  282. 

Strophonella  ampla  Hall.  Upper  Helderberg  (Dev.). 

strophomena  (Strophodonta)  ampla  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat. 

Hist.,  1857,  p.  Ill,  figs.  1,  2. 
Strophomena  ampla  Billings,  Canadian  Jour.  Sci.  Arts,  VI,  1861,  p.  345,  figs.  119, 

120;— Geol.  Canada,  1863,  p.  367,  figs.  376,  378. 
Strophodonta  ampla  Hall,  Pal.  New  York,  IV,  1867,  p.  93,  pi.  14,  fig.  1. 
Strophonella  ampla  Hall,  Twenty-eighth  Rep.  N.  Y.  State  Mus.  Nat.  Hist.,  1879, 

p.  154;— Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  43,  figs.  13-15.— Hall 

and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  293,  pi.  12,  figs.  13-15. 
Loc.  Albany  and  Schoharie  counties.  Cherry  Valley,  Williamsville,  etc.,  New 

York;  Columbus,  Ohio;  Ontario,  Canada. 
Ob$.  Compare  with  S.  schohariensis  (Castelnau). 

Strophonella  cselata  Hall.  Chemung  (Dev.). 

Strophodonta  cselata  Hall,  Pal.  New  York,  IV,  1867,  p.  112,  pi.  19,  figs.  6,  7. 

Strophonella  cielata  Hall,  Twenty-eighth  Rep.  N.  Y.  State  Mus.  Nat.  Hist.,  1879, 
p.  154;— Second  Ann.  Rop.  N.  Y.  State  Geol.,  1883,  pi.  43,  fig.  21.— HaU  and 
Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  293,  pi.  12,  fig.  21 ;  pi.  15B,  fig.  10. 

Loc.  Near  Elmira,  New  York. 

Strophonella  oavnmbona  Hall.  Lower  Helderberg  (Dev.). 

Strophodonta  cavumbona  Hall,  Tenth  Rep.  N.  Y.  St«te  Cab.  Nat.  Hist.,  1857,  p. 
51;— Pal.  New  York,  III,  1859,  p.  187,  pi.  21,  figs.  1-3. 

Strophomena  (Strophodonta)  cavumbona  Meek  and  Worthen,  Geol.  Surv.  Illi- 
nois, III,  1868,  p.  374,  pi.  7,  fig.  10. 
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Strophonella  oavtimbona  Hall — Gontinned. 

Stropliomena  rectilateraria  Meek  and  Worthen,  Ibidem,  1868,  p.  375. 
Strophonella  caTumbona  Hall  and  Clarke,  Pal.  New  York,  Vni,  Pt.  1, 1892,  pp. 

291,  292. 
Loc,  Schoharie,  Hudson,  and  Catskill,  New  York;  Perry  County,  Missouri. 
Obs.  Probably  synonymons  with  8.  punctnlifera. 

Strophcmella  ooBtatnla  Hall  and  Clarke.  Niagara  (Sil.). 

Strophonella  costatnla  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  p. 

359,  pi.  84,  figs.  15, 16. 
Loc,  LouisviUe,  Kentucky. 

Strophonella  (?)  conradi  Hall.  Lower  Helderberg  (Dev.). 

Strophomena  conradi  Hall,  Pal.  New  York,  III,  1859,  p.  194,  pi.  16,  figs.  18,  14. 
Strophonella!  conradi  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  292. 
Loc,  Schoharie,  New  York. 

Strophonella  crassa  Bowley.  Hamilton  (Dev.). 

Strophonella  crassa  Rowley,  American  Geologist,  XIII,  1891,  p.  153,  figs.  4-6. 
Loe.  Callaway  County,  Missouri. 

Strophonella genicnlata  (Hall).  Lower  Helderberg  (Dev.). 

Strophodonta  geniculata  Hall,  Pal.  New  York,  III,  1859,  p.  488,  pi.  28,  fig.  6. 
Loc.  Cumberland,  Maryland. 

Strophonella  headleyana  Hall.  Lower  Helderberg  (Dev.). 

strophomena  (Strophodonta)  headleyana  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat. 

Hist.,  1857,  p.  49,  figs.  1,  2. 
Strophodonta  headleyana  Hall,  Pal.  New  York,  III,  1859,  p.  185,  pi.  20,  figs.  1-3.— 

Meek,  American  Jour.  Sci.,  2d  ser.,  XL,  1865,  p.  33. 
Strophonella  headleyana  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  292. 
Loc.  Schoharie,  Hudson,  etc..  New  York ;  Kennedy  Channel  and  Cape  Frazire, 

Arctic  regions. 

Strophonella  leayenworthana  Hall.  Lower  Helderberg  (Dev.). 

Strophomena  (Strophodonta)  leavenworthana  Hail,  Tenth  Rep.  N.  Y.  State  Cab. 

Nat.  Hist.,  1857,  p.  53. 
Strophodonta  leavenworthana  Hall,  Pal.  New  York,  III,  1859,  p.  189,  pi.  21,  figs. 

5-7;  pi.  23,  figs.  1-3. 
Strophonella  leavenworthana  Hall,  Twenty -eighth  Rep.  N.  Y.  State  Mus.  Nat. 

Hist,  1879,  p.  154 ;— Second  Ann.  Rep.  N.  Y.  State Geol.,  1883,  pi.  43,  figs.  6-9.— 

Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  292,  pi.  12,  figs.  fr-9. 
Loc.  Albany  and  Schoharie  counties.  New  York. 

Strophonella  (?)  patenta  Hall.  Clinton  (Sil.). 

Leptfena  patenta  Hall,  Pal.  New  York,  II,  1852,  p.  60,  pi.  21,  fig.  3.— Rogers, 

Geol.  Pennsylvania,  II,  Pt.  II,  1858,  p.  823,  fig.  631. 
Strophomenapatenta  Hall,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1859,  p.  82.— 

Hall  and  Whitfield,  Pal.  Ohio,  II,  1875,  p.  115,  pi.  5,  fig.  10.— Foerst*,  Bull. 

Denison  Univ.,  II,  1887,  p.  105,  pi.  8,  figs.  34-37;— Proc.  Boston  Soo.  Nat. 

Hist.,  XXIV,  1890,  p.  300,  pi.  5,  fig.  22. 
Strep torhynchus  patenta  Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  42, 

figs.  16-18. 
Strophomena  ?  (Strophonella!)  patenta  Hall  and  Clarke,  Pal.  New  York,  VIII, 

Pt.  I,  1892,  pp.  291,  292,  pi.  9A,  figs,  lft-18. 
Strophomena  (Strophonella)  patenta  Foerste,  Geol.  Ohio,  VII,  1896,  p.  569,  pi.  27, 

figs.  35-37. 
Loc.  Reynales  Basin,  Medina,  etc.,  New  York;  Dayton,  Ohio;  Hanover,  Indiana; 

CoUinsville,  Alabama. 
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Qtnlifera  (Conrad).  Lower  Helderberg.  (Dev.). 

tulifera  Conrad,  Second  Bep.  N.  Y.  Geol.  Survey,  1838,  pp.  112, 117. 

euglypha  Conrad,  Fifth  Rep.  N.  Y.  Geol.  Survey,  1841,  p.  36.— 

U.  Fauna  d.  Weet.  Tennesaee,  1860,  p.  66,  pi.  5,  6g.  3.— Etiieridge, 

ir.  Geol.  Soo.  London,  XXXIV,  1878,  p.  597. 

)anotulifera  Vannxem,  Geol.  N.  Y. ;  Rep.  Tliird.  Diet.,  1842,  p.  122, 

gers,  Geol.  Pennsylvania,  II,  Pt.  II,  1858,  p.  825,  tig.  648.— Billings, 

land  Soc.  Nat.  Hist.,  1863,  p.  108,  pi.  3,  fig.  2;— Geol.  Canada,  1863, 

W8 ;— Pal.  Fossils,  II,  1874,  p.  31,  pi.  3,  fig.  2. 

Strophodonta)  panctulifera  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat. 

I  p.  50,  fig.  L 

punctulifera  HaU,  Pal.  New  York,  III,  1859,  p.  188,  pi.  21,  fig.  4 ;  pi. 

.— Walcott,  Mon.  U.  S.  Geol.  Survey,  VIII,  1884,  p.  121,  pi.  13,  fig.  10. 

lunctuUfera  Hall,  Twenty-eighth  Rep.  N.  Y.  State  Mus.Nat.  Hist., 

;— Second.  Ann.  Rep.  N.  Y.  State  Geol.,  1883,  pi.  43,  figs.  10-12.— HaU 

a,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  292,  pi.  12,  figs.  10-12. 

ad  Schoharie  counties.  New  York ;  Square  Lake,  Maine;  Penusyl- 

catur  County,  Tennessee ;  Dalhousie,  New  Brunswick,  and  Gasp^, 

Eureka  district,  Nevada;  Cape  Hilgard  and  Cape  Louis  Napoleon, 

ions. 

^umbona  Hall. 

'adiata  (Yanaxem).  Lower  Helderberg  (Dev.). 

radiata  Vanuxem,  Geol.  N.  Y.;  Rep.  Third  Dist.,  1842,  p.  122,  fig. 

renth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  50,  fig.  1;— Pal. 

,  III,  1859,  p.  193,  pi.  21,  figs.  8,  9;  pi.  18,  fig.  3. 

us  radiatus  Miller,  American  Pal.  Fossils,  1877,  p.  134. 

adiata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  292. 

A.lbany,  and  Schoharie  counties,  New  York. 

jTsa  Hall.  Chemung  (Dev.). 

reversa  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  494,  pi.  3,  tig.4. 
hybrida  Hall  and  Whitfield,  Twenty-third  Rep.  N.  Y.  State  Cab, 
,  1873,  p.  239. 

eversa  Hall,  Twenty-eighth  Rep.  N.  Y.  State  Mus.  Nat.  Hist.,  1879, 
all  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  p.  293,  pi.  12,  figs. 

(Strophodonta)  reversa  Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol., 

\,  figs.  16-20. 

,  Iowa;  Naples^  New  York. 

^harienslB  (Castelnau).  t  Upper  Helderberg  (Dev.). 

iensis  Castelnau  fissai  Syst.  Sil.  TAm^rique  Septentrionale,  1843, 

4,  fig.  5. 

S  New  York. 

with  S.  ampla. 

ifELsdata  HalL  Niagara  (Sil.). 

[Strophodonta!)  semifasciata  Hall,  Trans.  Albany  Inst.,  IV,  1863, 

emifasciata  Hall,  Twenty-eighth  Rep.  N.  Y.  State  Mus.  Nat.  Hist., 
4,  pi.  22,  figs.  1-3;  pi.  23,  figs.  7, 8  ;'£le venth  Rep.  Indiana  State 
,  p.  292,  pi.  22,  figs.  1-3;  pi.  23,  figs.  7, 8;— Second  Ann.  Rep.  N.  Y. 
.,  1883,  pi.  43,  figs.  4, 5.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt. 

12,  figs.  4, 5. 

Indiana;  Wisconsin. 
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Strophonella  striata  Hall.  Niagara  (Sil.). 

Strophomena  striata  Hall,  Geol.  N.  Y.;  Rep.  Fourth  Dist.,  1843,  p.  104,  fig.  3;— 

Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1859,  p.  82. 
Strophodonta  striata  Hall,  Twenty-eighth  Hep.,  Ibidem,  1879,  p.  152,  pi.  23,  figs. 

1-6;— Eleyenth  Rep.  Indiana  State  Geol.,  1882,  p.  290,  pi.  23,  figs.  1-6.— Net- 

telroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  149. 
Leptsena  striata  Hall,  Pal.  New  York,  II,  1852;  p.  259,  pi.  53,  lig.  7. 
Strophodonta  (Strophonellaf)  striata  Hall,  Second  Ann.  Rep.  N.  Y.  State  Geol., 

1883,  pi.  43,  figs.  1-3. 
Strophonella  striata  Beecher  and  Clarke,  Mem.  N.  Y.  State  Mas.,  1, 1889,  p.  25,  pi. 

3,  figs.  1-8. 
Strophomena  hanoverensis  Foerste,  Proc.  Boston  Soc.  Nat.  Hist.,  XXIV,  1890,  p. 

301,  pi.  6,  file.  1. 
Strophonella  (Amphistrophia)  striata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt. 

I,  1892,  p.  292,  pi.  12,  figs.  1-3. 
Strophomena  (Orthothetes)  hanoverensis  Foerste,  Geol.  Ohio,  VII,  1895,  p.  567, 

pi.  27,  fig.  34;  pi.  31,  fig.  1. 
Loc,  Lockport,  New  York ;  Waldron  and  Hanover,  Indiana ;  LooiaTille,  Kentucky. 

SyntrielaQma  Meek  and  Wortheii=Entelete8. 

STHTEOPHIA  Hall  and  Clai'ke.    Genotyi)e  Trijilesia  lateralis  Whitfield. 

Syntrophia  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  270;— Ibidem, 

Pt.  II,  1893,  p.  216;— Thirteenth  Ann.  Rep.  N.  Y.  State  Geologist,  1895,  p.  836. 

Syntrophia  araohne  (Billings).  Upper  Cambrian. 

Stricklandiaf  arachne  Billings,  Pal.  Fossils,  I,  1862,  p.  85,  fig.  77. 
Syntrophia  arachne  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II.  1893,  p.  216. 
Loc.  Point  Levis,  Canada. 

Syntrophia  arethnsa  (Billings).  Upper  Cambrian. 

Stricklandiniaf  arethnsa  Billings,  Pal.  Fossils,  1, 1862,  p.  85,  fig.  78. 
Syntrophia  arethnsa  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1S93,  p.  216. 
Loc.  Point  Levis,  Canada. 

Syntrophia  (!)  armanda  (Billings).  Upper  Cambrian. 

Orthisf  armanda  Billings,  Pal.  Fossils,  1, 1865,  p.  303,  fig.  293.— Hall  and  Clarke, 
Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  217. 

Loc.  Phillipsburg,  Canada. 

Obs,  This  species  may  prove  to  be  a  Billingsella.  In  the  interior  of  the  ventral 
valve  ''the  dental  plates  seem  to  form  an  imperfect  triangular  chamber'* 
(Billings) .  If  there  is  present  a  true  spondylium  and  the  foramen  is  "  appar- 
ently open"  O.  armanda  will  prove  to  be  more  nearly  related  to  Syntrophia 
than  to  any  other  genus.  If,  however,  there  is  present  only  an  imperfect 
triangular  chamber  and  the  foramen  closed  by  a  deltidinm,  then  the  species 
is  probably  a  Billingsella. 

Syntrophia  barabnensiB  (A.  Wiuchell).  Upper  Cambrian. 

Orthis  barabuensis  A.  Winchell,  American  Jour.  Sci.,  2d  ser.,  XXXVII,  1864,  p.  228. 
Leptsena  barabuensis  Whitfield,  Ann.  Rep.  Geol.  Survey  Wisconsin,  1877,  p.  60; — 

Geol.  Wisconsin,  IV,  1882,  pp.  171, 195,  pi.  1,  figs.  6, 7 ;  pi.  3,  fig.  6. 
Syntrophia  barabuensis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893, 

p.  216. 
Loc.  Near  Baraboo,  Wisconsin. 

Syntrophia  caloifera  (Billings).  Upper  Cambrian. 

CamareUa  calcifera  Billings,  Canadian  Nat.  Geol.,  VI,  1861,  p.  318,  fig.  3;— Geol. 
Canada,  1863,  p.  231,  fig.  247;— Pal.  Fossils,  I,  1865,  p.  220.— Meek,  Sixth 
Ann.  Kep.  U.  S.  Geol.  Survey  Terr.,  1873,  p.  464. 
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fera  (Billings) — Oontinaed. 

ifera  Wnjeott,  Mod.  U.  S,  GeaL  Survey,  VIII,  1884,  p.  75,  pL  Jl, 

cifera  Hall  and  Clarke,  PaL  New  York,  VIH,  Pt.  I,  lft99,  p.  270. 
)  c^alcUera  Hall  and  Clarke,  Ibidem,  VIIl,  Ft,  11, 18SI3.  |k218,  pi.  62, 

iV]«  mid  Fliillipaburg,  Oiuatla;  Ci>w  HeatI,  Newfuitudlaml ;  near 
ity,   rtith;    Eureka  district,   Nevada j    ('iirter  County,   MiMoiiri 


ulii  ( Whittield).  Calcifeioua  (Ord.)* 

rtthi  WhitaeJd,  Bull.  American  Mne.  Nut,  Hi»t.,  1886,  p.  303,  pL24, 

t^niU**  HaJl  and  CJarke,  PaL  N«w  York,  YUI,  H,  I,  IW92,  p,  270  j— 
III,  PU  II,  189a,  p.  216,  pi.  6ii,  ligfl.  I-IO. 
sin,  Yttriiiout, 

ordialia  (Whitfield),  Upper  Cambrian* 

iiordiiilis   Whitfielil,  Ann.  iCop.  G©«I.  8iirvej   WUitausiu,  1H77»  p, 

WiBcomin,  IV,  1882,  p.  172»  pi.  UK  figa.  1,2. 
nordialJs  Hull  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p*  27L 
itinjrdialis  Uitll  and  Clark*^,  PaL  New  York,  VIII,  Pt.  II,  1893,  p.  218, 
oiitity,  Wiftcoufliu* 

LIS  A,  Wiiiehell*  Genotype  Bptrifer  carter!  Hall, 

A.  Wincbell,  Proc,  AcwL  Nat,  Stn*  I'bilailidphin,  lim,  p.  6.— 
deiu,  1865,  p,  275;— PaL  Ohio,  II,  1875,  p,  288,— White,  Wbt^ider'e 
1  ey  west  lOOtii  Merid.,  IV,  1875,  p.  JW).—M wrick,  Boll.  Deuiaoo  Uni\%, 
p.  I'L— SclitulnjTt,  Ninth  Ann,  H«p,  N.  V.  .State  GeoL,  1890,  p,  28.— 
Dlarktv  PaL  New  York,  VIIL  PL  11,  1893,  p.  -IT;— Tbirteentk  Ann. 
.  Sti^te  GeologiBfc,  1895,  p.  7B0. 

ilta  SchiiclierL=Cyrtii*  a-lta, 

igulata  BimpsoiL  W^averly  (L,  Carb.). 

an^fnlflti*  Sijiipstm,  Tmn^,  Americun  Phil.  Sfic,  n,  aer.,  XVT,  1889, 
.  5,— Scbuchert,  Ninth  Ann.  Rop.  N,  Y.  State  GeoL,  1890,  p,  32. 
Pennsylvania. 

irteri  (Hall).  Waverly  and  Burliugtoii  (L,  Garb,), 

ri  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  NiiL  Hiat.,  1857,  p.  170.— Meek 
Pal.  Ohio,  11, 1875,  p.  285  (not  hie  Hgrnes— >?,  testa  Hall), 
ttaf)  hannibalenBis  Swallow,  Tmus.  8L  Loutes  Acud.  Sci.,  1,  1860^ 

typa  Winehell,  Proc.  Acad.  Nat.  SeL  PliUadelpiiia,  186,%  p.  7; — 
Pbil.  Soe.,  XII,  1870,  p.  252.— Hall  and  Clarke,  PaL  New  York,  VIII, 
3,  pp.  8,  -18,  50,  pL  26,  figa.  6,7, 10;  pL  27,  liga,  1-3. 
idatns  Meek,  Proc.  Acad.  Nat,  ScL,  Pbiladelphia,  18^,  p.  27ri ;— Am. 
,  2d  BIT.,  XLIIL  1867,  p*  407. 

dutim  t  Meek,  U.  8.  Geol.  ExpL,  10th  ParL,  IV,  1877.  p.  87. 
i  cuHpidatna  Walcott  (noii  Martin),  Mon-  U,  S,  GeoL  Survey,  VI 11, 
9,  pi.  3,  tig.  11.— Herrick  (partim),  BuU.  Denisou  Univ.,  IJL  1888,  p. 
ff.T;  pl.2,  flg.  17  (non  pL  5,  figs.  4-7=8.  berricki). 

carter!  Scliuclic*rt,  Ninth  Ann,  Rep.  N.  Y.  State  GeoL,  18tM).  p.  30.— 
ol.  Purvey  Missouri,  V,  iSa^,  p.  87*  pi.  4Q,  lig.  10. 
I  typa  Hall  and  Clark^^  PaL  New  York,  VI IL  Pt.  II,  1893,  p.  18,  lig.  40. 
I  hannibalonais  Hall  and  Clarke,  PaL  New  York,  VIII,  Pt.  II,  1895, 
fi.  33-35. 

County  and  Bedford,  Ohio;  Bnrlington,  Iowa;  Marion  and  IHke, 
Mi¥t«r>nri;  White  Pine  and  Enreka  diatricts,  Nevada;  near  Clen- 
m  lana< 
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Syringothyris  cuspidatus  Walcott,  and  Herrick=S.  carteri. 

SyringothyriB  eztennata  (Hall).  Waverly  (L.  Carb.). 

Spirifer  extenuatus  Hall,  Geol.  Survey  Iowa,  I,  Pt.  II,  1858,  p.  520,  pi.  7,  fig.  6.— 
White,  Wheeler's  Expl.  and  Surv.  west  100th  Merid.,  1875,  p.  88,  pi.  5,  fig.  9. 

SyriBgothyris  halll  A.  Winchell,  Proc.  Acad.  Nat.  Sci.  Philadelybia,  1863,  p.  8. 

Syringothyris  extenuata  Schuchert,  Ninth  Ann.  Rep.  N.  Y.  State  Geol.,  1890, 
p.  33.— Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  86. 

Loc,  Burlington,  Iowa;  Clarksville,  Missouri;  Battlecreek,  Michigan;  Moun- 
tain Spring,  Nevada. 

Syringothyris  gigas  (Troost).  Subcarboniferous. 

Cyrtia  gigas  Troost,  Sixth  Geol.  Report  Tennessee,  1841,  p.  12. 
Syringothyris  gigas  Schuchert,  Ninth  Ann.  Rep.  N.  Y.  State  Geol.,  1890,  p.  33. 
Loc.  Harpeth  River,  Tennessee. 

Syringothyris  halli  Winchell =8.  carteri  extenuata. 

Syringothyris  herricki  Schuchert.  Waverly  (L.  Garb.). 

Syringothyris  cuspidatus  Herriok  (partim),  BuU.  Denison  Univ.,  Ill,  1888,  pi.  5, 

figs.  4-7  (not  pis.  1,2). 
Syringothyris  herricki  Schuchert,  Ninth  Ann.  Rep.  N.  Y.  State  Geologist,  1890, 

p.  36.— Herriok,  Geol.  Ohio,  VII,  1895,  pi.  21,  figs.  4-7. 
Loe.  Granville,  Ohio. 

Syringothyris  misBonri  Hall  and  Clarke.  Ohouteau  (L.  Garb.). 

Syringothyris  missouri  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  U,  1895,  p. 

363,  pi.  39,  figs.  29-31. 
Loe.  Chouteau  Springs,  Missouri. 

Syringothyris  (t)  plena  (Hall).  Burlington  (L.  Garb.). 

Spirifer  plena  Hall,  Geol.  Surrey  Iowa,  1, 1858,  p.  603,  pi.  13,  fig.  4. 
Syringothyris  f  plena  Schuchert,  Ninth  Ann.  Rep.  N.  Y.  State  Geologist,  1890,  p.  37. 
Spirifer  plenns  Hall  and  Clarke,  Pal.  New  York,  VIU,  Pt.  II,  1893,  pp.  31, 39, 48, 

pi.  37,  figs.  32, 33. 
Syringothyris  plena  Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  88,  pi.  40,  fig.  8. 
Loc.  Burlington,  Iowa;  Hannibal,  Missouri;  Quincy,  Illinois. 

Syringothyris  randalli. Simpson.  Waverly  (L.  Oarb.). 

Syringothyris  randalli  Simpson,  Trans.  American  Phil.  Soo.,  n.  ser.,  XVI,  1889, 

p.  441,  fig.  6.— Schuchert,  Ninth  Ann.  Rep.  N.  Y.  State  Geologist,  1890,  p. 

36.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  50,  pi.  27,  figs.  13-16. 

Loc,  Near  Warren  and  Union  City,  Pennsylvania. 

Syringothyris  testa  (Hall).  Waverly  to  Keokuk  (L.  Garb.). 

Spirifer  cuspidatus  Yandell  and  Shumard,  Cont.  Geol.  Kentucky,  1847,  pp.  19, 21. 
Spirifer  textus  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  169.— 

White,  Second  Ann.  Rep.  Indiana  Bureau  Statistics  and  Geol.,  1880,  p.  512, 

pi.  7,  figs.  1,  2;— Tenth  Rep.  Indiana  State  Geol.,  1881,  p.  144,  pi.  7,  figs.  1, 2. 
Spirifer  subcuspidatus  Hall,  Geol.  Survey  Iowa,  I,  1858,  p.  646,  pi.  20,  fig.  5; — 

Pal.  New  York,  IV,  1867,  p.  249. 
Spirifer    propinquus  Hall,  Geol.  Survey  Iowa,  I,   1858,    p.    647. — Meek  and 

Worthen,  Geol.  Survey  Illinois,  1868,  III,  p.  530,  pi.  19,  fig.  8. 
Spirifer  carteri  Meek  (partim).  Pal.  Ohio,  II,  1875,  pi.  14,  fig.  7. 
Spirifer  cuspidatiformis  Miller,  North  American  Geol.  Pal.,  1889,  p.  372. 
Syringothyris  texta  Schuchert,  Ninth  Ann.  Rep.  N.  Y.  State  Geol.,  1890,  p.  34.— 

Keyes,  GeoL  Survey  Missouri,  V,  1895,  p.  88. 
Syringothyris  subcuspidatus  and  texta  Hall  and  Clarke,  Pal.  New  York,  VIII, 

Pt.  n,  1893,  p.  50,  pi.  26,  figs.  8,  11  ( 19, 12) ;  pL  27,  figs.  4-12, 18. 
Loo.  New  Albany  and  New  Providence,  Indiana;  near  Louisville,  Kentucky; 

Soiotoville,  Ohio;  Keokuk,  Iowa;  Warsaw  and  Nanvoo^  Illinois.  j 
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ypa  Wiiichell=S.  carteri. 

lA  d'Orbigny. 

rebratnla  chilensis  Brod.=Terebratala  dorsata  Gmelin. 

'Orbigny,  Pal.  Franc.  Ter.  Cret.,  IV,  1847,  p.  110.— Dall,  American 

5h.,  VI,  1870,  p.  115.— Beecher,  Trans.  Connecticut  Acad.,  IX,  1893, 

fomica  Stanton.  Upper  Cretaceous  (Bjioxville). 

difornica  Stanton,  Ball.  U.  S.  Geol.  Sanrej,  133,  1896,  p.  33,  pi.  1, 

lod  Creek,  Tehama  Coontj,  California. 

inbitanda  (Cooper).  t  Upper  Cretaceoas. 

»knda  Cooper,  Boll.  California  State  Mining  Bureau,  4, 1894,  p.  50, 

48,49. 

nd  Point  Loma,  California. 

mbricata  (Cooper).  f  Upper  Cretaceoas. 

Leata  Cooper,  Bull.  California  State  Mining  Bureau,  4,  1894,  p.  51, 

50,51. 

California. 

a  Gabb.  Cretaceoas  (Chtco). 

besa  Qabb,  Geol.  Survey  California,  Pal.,  I,  1864,  p.  205,  pi.  26, 
obesa  Whit^avee,  Mesozoic  Fossils,  Geol.  Survey  Canada,  1, 1884, 
vtf  Placer  County,  California;  Queen  Charlotte  Island. 

Eita  (Say).  Cretaceoas. 

icata  Say,  American  Jour.  Sci.,  II,  1820,  p.  43; — ^Jonr.  Acad.  Nat. 
lelphia,  VI,  1829,  p.  73,  pi.  3,  figs.  5,  6. 

yi  Morton,  Syn.  Cret.  United  States,  1834,  p.  71,  pi.  3,  figs.  3,4;— 
Jour.  Sci.,  XLVIIl,  1845,  p.  283. 

licata  d'Orbigny,  Prod.  Pal.,  1849,  p.  259.— Gabb,  Proc.  American 

VIII,  1861,  p.  193.— Credner,  Zeitscr.  d.  Deuschen  Geol.  Gessel., 

24.— Whitfield,  Mon.  U.  S.  Geol.  Survey,  IX,  1885,  p.  12,  pi.  1, 

oxemi  (Lyell  and  Forbes).  Cretaceoas. 

.nuxemiana  Lyell  and  Forbes,  Proc.  Geol.  Soc.  London,  1844,  p.  308, 

BS. 

ikuuzemi  Lyell  and  Forbes,  Quart.  Jour.  Geol.  Soc.  London,  I, 
,  with  figures. 

Etnuxemiana  d'Orbigny,  Prod.  Pal.,  1849,  p.  259.— Gabb,  Proc.  Acad. 
Philadelphia,  1861,  p.  19;— Proc.  American  Phil.  Soc.,  VIII,  1861, 
bitfield,  Mon.  U.  S.  Geol.  Survey,  IX,  1885,  p.  14,  pi.  I,fig8. 1-4. 
anuxemi  Hollick,  Trans.  N.  Y.  Acad.  Sci.,  XI,  1892,  p.  98,pl.l, 

ey;  Tottenville,  Staten  Island. 

dtneyi  Oabb=Ehyncbonella  whitneyi. 

L  Llbwyd.  Genotype  T.  perovalis  Sowerby. 

Ihwyd,  Lithophylacii  Britannicl  Ichnographia.  1696.— Hall,  Pal. 
,  IV,  1867,  p.  386.— DaU,  American  Jour.  Conch.,  VI,  1870,  p.  101.— 
I,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  163. 

igma  d'Orbigny=Ehyncbonella  senigma. 
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Terebratala  ^enigma  Darwin  =:Rhyiichoiiella  andnin. 
Terebratala  acnminatissima  OastelDaa=Spirifer  acnminatas. 
Terebratala  audii  d'Orbigny=Enteletes  andii. 
Terebratala  antissiensis  d'Orbigny=Rhynchonella  antissiensi 
Terebratala  atlantica  Morton  =Terebratalina  atlantica. 
Terebratala  arcaata  Swallow  (non  Boemer)=Dielasma  shams 
Terebratala  angusta  Hall  and  Whitfield.  Triassic- 

Terebratula  augusta  Hall  and  Whitfield,  Kings  U.  S.  Geol.  Expl.  40th 
1877,  p.  285,  pi.  7,  figs.  7-10.— White,  BuU.  U.  8.  Geol.  Sorvey 
1880,  p.  108;— Twelfth  Ann.  Rep.  U.  S.  Geol.  Survey  Terr.,  1883,  i 

Loc.  Shoshone  Springs,  Nevada;  Triassic,  southwestern  Idaho. 

Terebratala  bicanalicolata  Schlotheim. 

Terebratula  bicanaliculata  Schl.,  M^m.  Soc.  G^l.  Frtfnce,  2d  ser,  IV, ; 

pi.  8,  figs.  17-19. 
Terebratula  comnta  Bnrmeister  and  Geibel,  Abh.  Nalurf.  Gessel.  Hall 

p.  127. 
Loc.  Europe;  Dona  Ana,  Chile. 

Terebratala  bisacala  McChesney.  Kaskaskia  (I 

Terebratula  bisacnla  McChesney,  Descriptions  New  Fossils,  1861,  p.  8: 
Loc.  Chester  and  Golconda,  Illinois. 

Terebratala  borealis  Gastelnaa=Clitambonite8  borealis. 
Terebratala  bovidens  Morton =Diela8ma  bovidens. 

Terebratala  brevilobata  Swallow.  Warsaw  (I 

Terebratula  brevilobata  Swallow,  Trans.  SU  Louis  Acad.  Sci.,  II,  186 
Loc.  Ste.  Genevieve  County,  Missouri. 

Terebratala  barlingtonensis  White=:Dielasma  barlingtonensii 
Terebratula  camila  Morton =T.  harlani. 

Terebratala  canipes  Eavenel.  Jackson  ( 

Terebratula  canipes  Kuvenel,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  II,  18 

Conrad,  American  Jour.  Conch.,  I,  1865,  p.  15. 
Loc.  South  Carolina. 

Terebratala  carneoidea  Gappy. 

Terebratula' car neoidea  Guppy,  Quart.  Jour.  G^l.  Soc.  London,  X 

p.  296,  pi.  19,  fig.  2. 
Loc.  San  Fernando,  Trinidad. 
Obs.  May  be  the  same  as  living  Terebratula  cubensis  Pourtales  (Dall)= 

sphenoidea.  (Philippi).     The  latter  also  occurs  fossil  in  the  F 

Calabria  and  Sicily  (Davidson). 

Terebratala  chilieniis  d'Orbigny.  Quai 

Terebratula  chilensis  d'Orbigny,  Voyage  dans  I'Am^rique  M6rid.,  ] 

p.  163. 
Ia>c.  Coquimbo,  Chile. 

Terebratula  choctawensis  Shamard=Kingiua  wacoensis. 
Terebratula  coiicinna  Bayle  and  Ooqaand=Bhynchonella  senij 
Terebratula  cooperensis  Miller=Seininala  parva. 

Terebratala  oopiapensis  Moricke.  < 

Terebratula  copiapensis  Moricke,  Nenes  Jahrb.  f.  Mineral.,  Bailagf 

1894,  p.  63,  pi.  2,  figs.  5ar^. 
Loc.  Quebrada  de  Mariciinga,  Chile. 
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Lseirostiis  CouracL  Boeene. 

eiuiaeiroatra  Ctmru^,  Kerr's  Geol.  North  0»rt>litiH,  A^k  A,  IHl^^ 

ton,  North  Carolina. 

yana  RathbiiD,  Middle  DevoniaD. 

<^rbyan>b  (Ilartt  MS.)  Ratbbiin,  Bull.  Buf^alo  Boc.   Kut.   HJhL,  I, 
6,  pi.  10,  figs.  15,  17,  32,  24,  25*— Eathbun,  Proo.  Boi^tou  8«o.  Nat, 
,  1879,  p.  35, 
oviwc©  of  Pjfcra,  Brarih 

syk&na  Hayle  and  Coquand.  JuraBBie* 

riiuejkiiiia  B^jle  and  Coqaaod,  Mdiu*  Soo.  (J^c»l.  Fraince,  2d  myt.^ 
>«  30,  pi.  S,  figa.  1-3. — Burmeltiter  and  Geibcl^  AHh.  Nuturf,  OeHa«L 
1862^  p.  126,— Morieke,  ITeuefl  Jahrb,  f,  MineraL^  Beilagebmid;  IXj 

la  Ttiro«ra,  Dona  Ana,  and  Juntafl,  C^hik, 

nbergl  Felix,  Upper  Jnrassie. 

ttrenbergi  F©liXj  Pabf^utttogiaphlca^  XXX Vll.  1891,  p.  170,  pL  27, 
Titaiiia,  OaxacOj  Mexico, 

HaLl.  Middle  Devooiao* 

ia  Hall,  PaL  New  York,  IV,  1867,  p.  890,  pL  m,  iigB.  26-28. 
,  Iowa. 

ugata  of  American  autlior@=;DietaEma  bovidens* 

rgmata  Bowerby,  Jiirasaic 

aar^ifiiiia  (Sowerby )  Bayle  and  Coqnaud,  M^m,  Sotv  G^ol.  France, 

,  1^51,  p.  32,  pi.  8,  tigs.  7-0. 
!}ona  Ana,  Chile. 

les  Bayle  and  Uoquand.  Jurassic. 

CO  ides  Bayle  and  Coquand^  M^to,  Soe*  G4ol.  France,  2d  ser.,  IV, 

,  pi.  n,  figs.  20-22. 
I,  ChiSe. 

idiiBa  Morton =TerebrataliD  a  florid  an  a. 
tuo8a  Hali=Dielagma  iormomiiu. 
gilis  MortOD=Terebratiila  harlanl, 
idryi  fi^Orbigny=EiiteleteH  gaudryi. 
lieulosa  McChesney^Diela?iiua  bovidens* 
s.ia  Courad=Ter6bratTilitia  atlautica. 
-byi  Miller =Dielaama  gorbyi. 

lohei  Hteinman.  Jurassic. 

ottscliii  ^teinmau,  Notte«  Jahrb,  f.  Mill.,  Boilagebaurt,  1881,  p.  252, 

.7,8. 

I,  BoIiTta« 

iciiii3  Swallow  (nou  Ton  Biicli)=T.  awallovana. 

idalupt^  Koemer=Ter6bratiilina  gua^lalup^e. 

iliana  Gabb^Terebratiilina  atlautica. 

ani  Mortoiu  Upper  Cretaceous. 

»rlifcni  Morton,  Ameriean  Jour,  Sci.,  XVIII,  18211,  p*  2ri0,  pL  3,  lig. 
\m,  XVII,  1829,  p.  283;- Jour.  Acad.  Nat.  Rd.  PbUtidelphia,  VI, 
,  pL  3,  fiifs.  1^4, 7»  8 ;— ijm.  Cret.  U*  S.,  1834,  p.  70,  pi.  3,  tig.  1  j  pL  9, 
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Terebratnla  harlani  Morton — Continued. 

figs.  2,  8,  9.— Gabb,  Proc.  Aoad.  Nat.  Sci.  Philadelphia,  1861,  p.  18;— Proo. 

American  PhU.  Soo.,  YIII,  1861,  p.  196.~Credner,  Zeit.  d.  Dentechen  Geol. 

Geflsel,  1870,  p.  221.— Whitfield,  Mon.  U.  S.  Geol.  Sunrej,  IX,  1885,  p.  6,  pi.  1, 

figs.  15-23. 
Teiebratnla  fragilis  Morton  (non  Schloth.),  Joor.  Acad.  Nat.  Soi.  Philadelphia, 

VI,  1829,  p.  75,  pi.  3,  figs.  3,  i ;— American  Jour.  Sci.,  XVIII,  1829,  p.  250,  pi.  3, 

fig.  17;— Ibidem,  XVII,  p.  283;— Syn.  Cret.  U.  S.,  1834,  p.  70,  pi.  3,  &g.  2. 
Terebratula  perovalls  Morton  (non  Sowerbj),  Jour.  Acad.  Nat.  Sci.  Philadelphia, 

VI,  1829,  p.  77,  pi.  3,  figs.  7,  8. 
Terebratula  Camilla  Morton,  Syn.  Cret.  U.  S.,  1834,  p.  70,  in  text. 
Terebratula  harlani  var.  discoidea  Morton,  Syn.  Cret.  U.  S.,  1833. 
Terebratula  harlani  var.  rectilatera  Morton,  Ibidem. 
Terebratula  subfragilis  d'Orbigny,  Prod.  Pal.,  II,  1849,  p.  258. 
Terebratula  atlanttca  (non  Morton)  Gabb,  JProc.  Acad.  Nat.  Sci.  Philadelphia, 

1861,  p.  18. 
Loo,  New  Jersey ;  Delaware  and  South  Carolina. 

Terebratula  liarmonia  Hall=Eanella  harmonia. 

Terebratula  hastata  of  American  author8=Diela8ma  bovidens. 

Terebratnla  helena  Whitfield.  Upper  Oretaceoaa. 

Terebratula  helena  Whitfield,  Ludlow's  Kep.  Black  Hills  Dakota,  1875,  p.  103, 

figs.  5-10. 
Loc.  North  of  Belle  Fourche,  South  Dakota. 

Terebratula  hochstetteri  Toula=Dielasma  hochstetteri. 

Terebratnla  hohmanni  Moricke.  Jurassic. 

Terebratula  hohmanni  Moricke,  Neues  Jahr.  f.  Mineral.,  Beilageband,  IX,  1894, 

p.  64,  pi.  6,  figs.  4a,  4b. 
Loc,  Quebrada  de  Maricunga,  Chile. 

Terebratnla  humboldteniiB  Oabb.  Triassic- 

Terebxatula  humboldtensis  Gabb,  Geol.  Survey  California,  Pal.,  I,  1864,  p.  34, 

pi.  6,  fig.  35.— Hall  and  Whitfield,  King's  U.  S.  Geol.  Expl.  40th  Pari.,  IV, 

1877,  p.  282,'  pi.  6,  figs.  22-24.— Whiteaves,  Cont.  Canadian  Pal.,  1. 1889,  p.  129. 

Loo,  Star  Canyon,  Humboldt  County,  and  Dun  Glen  Pass,  Pah-Ute  Hange,  Nevada ; 

Nicola  Lake,  Canada. 

Terebratnla  ignaciana  d'Orbigny.  Jurassic. 

Terebratula  ignaciana  d'Orbigny,  Voyage  dans  I'Am^rique  M^rid.,  Pal.,  1842,  p. 

63,  pi.  22,  figs.  14, 15.— Darwin,  Geological  Observations  on  South  America, 

1846,  p.  216. 
Loo,  Cordillere  du  Chili,  South  America. 

Terebratula  inca  Forbes =T.  perovalis. 

Terebratula  inconstans  Herrick=Cryptonella  inconstans. 

Terebratnla  inornata  McChesney.  <<  Keokuk  to  Goal  Measures." 

Terebratula  inornata  McChesney,  New  Pal.  Fossils,  1860,  p.  48. 
Loo,  Sangamon  County,  Illinois. 

Terebratula  itaitubensis  Derby =Dielasma  itaitubense. 

Terebratnla  jncunda  Hall.  Middle  Devonian. 

Terebratula  jncunda  HaU,  Pal.  New  York,  IV,  1867,  p.  390,  pi.  60,  figs.  29-31.— 
Nettelroth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  154. 
Xoo.  Waterloo,  Iowa;  Jefferson  and  Clark  counties,  Indiana. 

Terebratula  lachryma  Morton =Terebratulina  lacliryma. 
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imosa  SchL  Jurassic 

^eiitiosa  (ScUl.)  Bftjle  and  Coqn^nd,  M<$ni.  Sqc.  Qioh  Friwee,  mf.  ji^ 

p.  2I»,  pL  3,  iiijs.  lf\  11, 
;  Dona  Aiia^  Cliile. 

illTii  Morton,  Coal  Measuri»si. 

apilla^  MoHuPf  Americ^ao  JdtiT.  3ci.,  XILIX,  1836,  p.  153|  pi,  26,  tig,  36» 
*urna€ej  Scioto  Cijnntyj  Ohio. 

ba  Guppy,  Eocene. 

ecta  Gn|ip3%  Qujirfc.  Joor.  Geol.  Soc,  Londoo,  XXII,  1866,  p.  296,  pL 

im  IIall=Cryptonella  lens* 

[in  en  sis  Conrad =Kingen  a  leonen^s, 

'densifl  Whiteaves,  Triassic. 

liardeDsis  Whiteave^^  Cont,  CAoailJan  PilI^p  I^  1889^  p.  130^  pU  LT^ 
Abstract  of  Bame  pub.  1@SS, ) 
ivM^r,  Canada. 

ickl^ui  Hall=Eunel1a  lmck]aBiii. 

arcy  i  Bhu  tii  ar  fl = En  metri  a  marcyi  * 

ridionalii  Conrad.  Oolite  or  Cretac*eous, 

roeridionalis  Conrad,  U,  8,  Astronoiiikat  Exp«d,  to  the  Simtheni 
n^,  1855,  p,  282,  pi.  42,  fig.  10. 
ra  d©  Dnim  Ann,  CUlle. 

BOgona  CaBtel  n  an ,  FormatiDn .  T 

nt^^ogtma  Ca»telaati  (non  Pliillips),  Esaai  Syst.  SiL  TAiu^rlqao  Sep 
.h\  1^3,  p,  40,  pL  13,  flg,  3. 
of  Qnebec!|  Cttna<la» 
minable. 

xicana  Hall,  t Upper  Garboniferona. 

a«xicun?i  Hall,  Emory^a  U&p.  U.  S.  ftod  Me^can  Boutid.  Sorv^y,  I, 
!0,  flg.2, 

^.    Campari  with  Seminnla  argeatea. 

illipnnctata  HaU=Dielaama  boTidens. 

:)rmoni  Marcoii=Hustedia  mornioni, 

m  cell  a  H  al  1 = Centron  ell  a  naTicella. 

ens  Conrad.  Miocene, 

niu^tis  Dana,  Wilkisa'a  U.  8,  Exped.,  X.  1849,  p.  736,  pi.  19,  fig.  1. 

J  earlier  deacription  I  havo  not  found.) 

L  iiitans  Conrftd,  Ajuericaa  Jour.  Concli.^  1865,  p*  154, 

siformii  Morton,  Coal  Measnre.^. 

luciformis  Morton^  American  Jonr.  &ci,,  XXIX,  1836,  p,  150,  pL  2, 

Hill  east  of  Flint  Ridge.  Ohio, 
led  80  AA  to  bo  rocogLii^.able. 

Lcnla  Sowerby^Kliyncbonella  nnculSi 
cidc^ntttli^  MillermDielasma  oc-cidentale. 
^oides  Baton =Betissel£eria  ovoides. 
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Terebratnla  Ontario  Hall.  Hamilton  (Dev.). 

Terebratala  Ontario  Hall,  Pal.  New  York,  IV,  1867,  p.  418,  pi.  60,  figs.  45-48. 
Loc,  Canandaigua  Lake,  New  York. 

Terebratala  ornithocepbala  Bayle  and  Goqaand=T.  sabovoides. 
Terebratnla  parva  Swallow =Seminnla  parva. 

Terebratala  patagonica  Sowerby.  Tertiary. 

Terebratala  patagonica  Sowerby,  l^arwiu's  Geol.  Observations  on  Sonth  America, 

1846,  p.  252,  pi.  2,  fig.  25. 
Loc.  St.  Josef  and  St.  Julian,  Patagonia. 

Terebratnla  x)ennata  At  water =Spirifer  pennatns. 

Terebratnla  (Zeilleria)  perforata  Piette.  Jnrassic. 

Terebratnla  (Zeilleria)  perforata  (Piette)  Moricke,  Neaes  Jahrb.  f.  Mineral., 

Beilageband,  IX.  18iM,  p.  65. 
Loc.  Europe ;  Sierre  de  la  Ternera,  Chile. 

Terebratnla  perinflata  Shnmard.  Upper  Carboniferous. 

Terebratala  perinflata  Shumard,  Trans.  St.  Louis  Aoad.  Sci.,  1, 1859,  p.  392. 
Loc.  Guadalupe  Mountains,  Texas. 

Terebratnla  perovalis  Eatcm  (non  Sowerby) =Ren88elaBria  ovoides. 
Terebratnla  perovalis  Morton  (non  Sowerby) =T.  barlaui. 

Terebratnla  peroYalis  Sowerby.  Jurassic. 

Terebratnla  inca  Forbes,  Darwin's  Geol.  Observations  S.  America,  1846,  p.  268,  pi. 

5,  figs.  19-20. 
Terebratnla  perovalis  Bayle  and  Goquand,  M^m.  Soc.  G<^ol.  France,  ser.  ii,  IV, 

1851,  p.  22,  pi.  8,  figs.  15, 16.— Gottsche,  PalaBontographica,  Suppl.,  Ill,  1878, 

p.  33,  pi.  4,  fig.  9. — Steinman,  Nenes  Jahrb.  f.  Min.,  Beilageband,  I,  1881,  p. 

252.— Muricke,  Ibidem,  Beilageband,  IX,  1894,  p.  65,  pi.  3,  figs.  6a-6c. 
Loc.  Europe ;  Manflas,  Tres  Cruces,  Iquiqne,  and  Espinazito,  Chile ;  Caracoles, 

Bolivia. 

Terebratnla  peruviana  d'Orbigny=Seminula  argentea. 
Terebratnla  planirostra  Hall = Cry ptonella  planirostris. 
Terebratnla  planosnlcata  Meek  and  Worthen=01eiothyri8  roissyi. 
Terebratnla  plicata  Say=Terebratella  plicata. 

Terebratnla  poeyana  Lea.  ?  Jurassic. 

Terebratnla  poeyana  Lea,  Trans.  American  Phil.  Soc,  n.  ser.,  YII,  1841,  p.  260, 

pi.  10,  fig.  13. 
Loc,  Habana,  Cuba. 

Terebratnla  prisca= Atrypa  reticularis. 

Terebratnla  punctata  Sowerby.  Liassic. 

Terebratnla  punctata  Sowerby,  Mineral  Conch.,  I,  1812,  p.  46,  tab.  15,  fig.  4. — 
Davidson,  British  Oolitic  and  Liassic  Brach.,  Pal.  Soc,  1852,  p.  45. — Bar- 
meister  and  Geibel,  Abh.  Naturf.  Gessel.  Halle,  VI,  1862,  p.  127. 

Terebratnla  cfr.  punctata  Behrendsen,  Zeit.  der.  Deutschen  Geol.  Gessel.,  XLIII, 
1891,  p.  395. 

Terebratala  (Waldheimia)  punctata  (Sowerby)  Moricke,  Neues  Jahrb.  f.  Min- 
eral., Beilageband,  IX,  1894,  p.  66. 

Loc.  Europe ;  Portezuelo  Ancho,  Argentine  Republic ;  Manflas,  Juntas,  Chile. 

Terebratnla  raimondiana  Gabb.  fCretaceous. 

Terebratnla  raimondiana  Gabb,  Jour.  Acad.  Nat.  Soi.  Philadelphia,  2d  oer., 

VIII,  1881,  p.  298,  pi.  42,  fig.  9. 
Loc.  Near  Ollou,  Peru. 
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biculari8= Atrypa  reticularis. 

3tiro8tra  Hall=Cryptone11a  rectirostris. 

jUini  d'Orbigny.  Jarassic. 

epellini  Angnilera,  Datos  para  la  Geologia  de  Mexico,  1893,  p.  18. 
Mexico. 

iflta  Whiteaves.  Jurassic  ( tCretaceous). 

obusta  Whiteaves,  Cont.  Canadian  Pal.,  I,  1889,  p.  163,  pi.  22,  figs. 

[onntains,  near  Devils  Lake,  Canada. 

zon  of  this  locality  is  probably  Jurassic  (Stanton). 

3kymontana  Marcou=Pugiiax  rock yroon tana. 

mingeri  Hall=Cran8ena  romingeri. 

wrleyi  Wortben=Dielasma  rowleyi. 

ysm  d'Orbigny  (non  L'fiveill^)=Semiuula  argentea. 

yssii  Marcoa=Clciothyri8  roissyi. 

cculns  Dawson^  aud  Davidson =Dielasina  sacculns. 

isimplex  White.  Triassic. 

lemisimplex  White,  Bull.  U.  S.  Geol.  Survey  Terr.,  V,  1879,  p.  108. 
»tern  Idaho. 

rpentina  Owen=Eunietria  marcyi. 
umardana  Mil1er=D]e1a8nia  sbumardannm. 
nulator  Hall=Eune1]a  simulator, 
iriferoides  Eaton=Athyris  spiriferoides. 

3xoavata  Conrad.  Oolite  or  Cretaceous. 

lubexcavata  Conrad,  U.  S.  Astronomical  Exped.  to  the  Southern 
5re,  1855,  p.  282,  pi.  41,  flg.  4. 
ra  de  Dona  Ana,  Chile. 

bfragilis  d'Orbigny=T.  harlani. 

iToides  Eoemer.  Lias  (Jurassic), 

rnithocephala  (non  Sowerby)  Bayle  and  Coqnand,  M^m.  Soc.  G^ol. 
d  ser,  IV,  1851,  p.  18,  pi.  8,  figs.  12-14. 

mbovoides  Bebrendsen,  Zeit.  der  Dcutsohen  Geol.  Gessel.,  XLIII, 
J5. — Moricke,  Neucs  Jahrb.,  f.  Mineral.,  Beilageband,  IX,  1894,  p.  66. 
Valle  lenas  amorillas,  Rio  Salado,  Argentine  Republic;   Mine 
I,  Manflas,  and  Tres  Crnces.  Chile. 

mimiBmalis  Davidson  f.  Lias  (Jurassic), 

mbnumismalis  Davidson,  British  Oolitic  and  Liassic  Brach.,  Pal. 
I,  p.  36,  pi.  51,  fig.  10. 

ifr.  subnumismalis  Bebrendsen,  Zeit.  der.  Deutschen  Geol.  Gessel., 
191,  p.  396. 
Rio  Salado,  Argentine  Republic. 

retziforma  McChesney.  Kaskaskia  (L.  Carb.). 

ubretziaforma  McChesney,  Descrip.  New  Fossils,  1861,  p.  82. 
Q  Bluff,  Illinois. 

btetraedra  Gonrad=Bh3mchonella  anduin. 
btilita  Hall=Seininula  argentea. 
llivanti  Hall=Eunella  sullivanti. 
29 
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Terebratnla  swallovana  Miller.  Kaskaskia  (L.  Garb.). 

Terebratala  gracilis  Swallow  (non  von  Bach),  Trans.  St.  Lonis  Acad.  Sol.,  II, 

1863,  p.  83. 
Terebratula  swallorana  Miller,  American  Pal.  Foes.,  2d  ed.,  1883,  p.  299. 
Loc.  St.  Marys,  Missooii;  Chester,  Illinois. 

Terebratala  tayloriana  Lea=Rhynchonella  tayloriana. 
Terebratnla  tetrsedra  Sowerby=RhynchoDella  tetrsedra. 
Terebratala  titicacensis  Gabb=Seminala  titicacaensis. 

Terebratala  travenensis  A.  Wincbell.  Hamilton  (Dev.). 

Terebratnla  traversensis  A.  Winchell,  Rep.  Lower  Peninsala  Michigan,  1866,  p.  95. 
Loc,  Grand  Traverse  region,  Michigan. 

Terebratnla  trinitatensiB  Gappy.  Eocene. 

Terebratnla  trinitatensis  Gnppj,  Quart.  Jonr.  Geol.  8oc.  London,  XXII,  1866,  p. 

296,  pi.  19i  fig,  1. 
Loc,  Sanfemando,  Trinidad. 

Terebratnla  trinncleus  Hall^Seininnla  trinnclens. 
Terebratnla  tnrgida  Hall=sDielasma  tnrgidnm. 
Terebratnla  tnrpis  YernenilsGlitambonites  borealis. 
Terebratnla  ntah  Maroon  (nou  Hall  and  Whitfield) =Pngnax  ntah. 

Terebratnla  (?)  ntah  Hall  and  Whitfield.  Lower  Garboniferons. 

Terebratala  ntah  Hall  and  Whitfield,  King's  Geol.  Expl.  40th  Pari.,  IV,  1877,  p. 

258,  pi.  4,  fig.  18. 
Loc,  Cottonwood  Divide,  Wasatch  Range,  Utah. 
Oh9,  Not  well  established.  Based  npon  a  single  dorsal  valve.  May  be  a  Dielasma. 

Terebratnla  valenciennii  Ga8telnan=Meristella  nasnta. 
Terebratnla  wacoensis  Eoemer=KiDgena  wacoensis. 
Terebratnla  wilmingtonensis  Lyell  and  Sowerby=:Ehynchonella  wll- 
mingtonensis. 

Terebratnla  (?)  cfr.  zieteni  Loriol.  Jurassic. 

Terebratnla  cf^.  zieteni  Agullera,  Bol.  Com.  Geol6gica  de  Mexico,  1, 1895,  p.  1, 

pi.  2,  tigs.  6, 7. 
Loc,  Rancho  Alamitos,  Sierra  de  Catorce,  Mexico. 

TEREBRATULINA  d'Orb.         Genotype  Anomia  capntserpentis  Lian^. 
Terebratalina  d'Orbigiiy,  Ann.  Dee.  Sci.  Nat.,  VIII,  1848,  p.  67.— HaU  and  Clarke, 
Thirteenth  Ann.  Rep.  N.  Y.  State  Geol.,  1895,  p.  872. 

Terebratnlina  atlantica  (Morton).  Upper  Gretaceons. 

Terebratnla  atlantica  Morton,  Jour.  Acad.  Nat.  Scl.  Philadelphia,y  III,  1842,  p.  214. 
Terebratula  halliana  Gabb,  Proc.  Acad.  Nat.  Sci.  Philadelphia,  V,  1861,  p.  19. 
Terebratnlina  halliana  Gabb,  Proc.  American  Phil.  Soc.,  VIII,  1861,  p.  200. 
Terebratnla  glossa  Conrad,  American  Jour.  Conch.,  V,  1869,  p.  42,  pi.  1,  fig.  22. 
Terebratnlina  atlantica  Whitfield,  Mon.  U.  S.  Geol.  Survey,  IX,  1885,  p.  9,  pi.  1,  figs. 

10-13.— HoUick,  Trans.  N.  Y.  Acad.  Sci,,  XI,  1892,  p.  98,  pi.  1,  fig.  8, 
Loc,  New  Jersey ;  Tottenville,  Staten  Island. 

Terebratnlina  filosa  Gonrad.  fGretaceons. 

Terebratnlina  filoea  Conrad,  American  Jour.  Conch.,  II,  1866,  pp.  77,  106,  pi.  9, 

figs.  4, 5. 
Loc,  Uniontown,  Alabama. 
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>ridaim  (Morton)-  Cretaceous* 

oridaoii  Moiton,  i^yu.  Cret  IT.  S.,  1834,  p.  72,  pi  IB,  fig.  17. 
floridaua  dTJrbiguy,  Prod.PftL,  II,  lUB^  p.  258,— Wliitlield,  Mon. 
.Survej,  IX,  1885.  p^  IL 
(laff^  Alabama, 

r&dUi  (ScLlotheim).  Eocene. 

rftcilis  Schlotbeim,  Die  Petrefadtijukntid©,  1820,  p.  270. 
grJicillH  Courodf  Amencun  Jomi.  CoAob.,  I,  18ti5,  p.  15, 
Aii^Uama. 

ladalnpsB  (Eoemer).  Upper  Cretao^ooa 

inudiilii {uu  Koem«;r  TexaS|  1840,  p,  408; — ^Kreulebitiluuj^^  vou  TexaSf 
*,  pi,  6,  fig.  3.— t;aUb,  Proi\  Acad.  Nat  Sci.  FhilikiJelpUU,  1861,  p.  IB, 
iiBft'la^  Austin,  iind  2fM}  miM  north  iu  Dallas  t.omiij,  Toiaa  (Hill). 

lialliana  Gabb—T.  atlautica. 

cbryma  (Mortoo).  (CretiJK!«oiis!)  Eocene  f, 

uhryma  Morton,  Syu.  Cret,  U.  S.,  1S34,  p.  72,  pi.  10,  fig.  11;  pL16, 

lAchryma  d^Orbigny,  Prod,  Pal,  I84y,  p.  396.— (Jabb,  Proo,  Acad. 
Phjladelphio,  1861,  p.  19;— Froc  Amorican  Phil  i^oe.,  VIII,  1861  p, 
rad,  Ajuerican  J  our.  Couch,,  I^  1865,  p.  15*— Whitlitjld,  Mon.  U,  8» 
i'f^y,  IX,  1885,  p.  ri,  pi  1,  fig.  11. 
ley;  Claiborne,  Alabama. 

[all  and  Clarke,  (jeootype  T,  criticufi  Hall  and  Clarke. 
tl  and  Clarke,  Pal.  New  York,  YIH,  Pt.  II,  1^^,  explanation  to 


M  Ilall  mxil  Clarke,  St.  Lqiiia  (L,  Carb.). 

SicuaHaU  and  Clarke,  Pal  New  York,  VIIl,  Pt/ll,  18^5,   pL  84, 


irpe, 

>rbiciila terminalia  Sharpe  (Don  Eranions)— T.  milllpnnC' 

I 

rpe,  Quart.  Jour*  Geol   Soe*  London,  IV,  1847,  p,  t56.— DaH,  Bull 

ilj.  Zool,  m,  1871,  p.  37;— Bull   U.  S.  Nat.  Mtis.,  8,  1S77,  p.  73.— 

Cbirkts  Pal  New  York,  VIII,  Ft.  I,  1892,  pp.   138,  168.— Wincbell 

shert,  MiaoeBota  GooL  s^urvey,  III,  1893,  p.  3P7. — Hall  and  Clark© 

Ann.  Rep.  N.  Y.  State  Geologtut,  1894,  p.  258. 

imcta  UMch.  Lorraine  (Ord.), 

aipnncta  Ulrichf  American  Geologiat,  IV,  1880,  p.  22;  III,  p.  378, 

iti,  Ohio. 

ri  Miller.  Lorraine  (OrdO^ 

ri  Miller,  Cincinnati  Quart.  Jour.  Soi.,  I,  1874,  p.  347,  lig.  39. 
lyeri  Hull  and  Clarke,  Pal  New  York,  VIII,  Pt.  I,  1892,  p.  142. 
kti,  Ohio. 

Billings =3chizocrania  ftUma. 

I  Ulrich.  Trenton  (Ord,)* 

Uii»  Ulrich,  American  Geologiat,  IV,  1889,  p.  21  j  Til,  p.  378,  ti^.  6.— 
Clurk«,  PaL  New  York,  VUI,  Ft.  I,  1892,  p.  142,  pi  4G,  fig.  14. 
nugton,  Kentucky. 
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Trdmatii  huroneusii  Billings.  Black  Hivcr  (Orl). 

Trem&ti^  huiaiieufiii  BiUittgi^,  Pu^h  FcHiaJht  I,  1863^  p.  5B|  fig.  60  ou  p,  52;— GeoL 

Ciiiia.chi,  1«63,  p.  159,  Jig.  130. 
Prodiicteil»  iniTiD^apolis  Sardeson,  HulL  Minne«otii  Acad,  N^t.  ScL,  IIl^  189S,  p. 

333,  pi.  4,  figs.  11,  12. 
Tromiiiia  hnrcmeiiBisf  WinclioU  »iid  ScliiiobertT  Mimn^atft  G^.   Surveyj  lU, 

18S)3,  p.  368,  ftg.  29. 
L&c.  raUlddau  iBlundBj  Lake  Hurou;  MiDnoapolls,  Minneeotn.. 

Trematii  millepuiiotata  KaTl.  ITtica  aud  LorraiDe  (Ord,'. 

Tremal'ih^  millepiitictata  Hall,  Dei^criptioD  n,  sp.  CriQoirlea  and  other  Fosaili^ 
1866,  p.  14;— Twenty- four  til  Uep*  N.  V.  8tate  Cab,  Nat.  flittt,  IgrTi,  p,  221, 
pL  7,  figrt.  22-25.— Hall  and  Whittk^Id,  l^iil,  Ohtr>^  11,  lg75,  p.  70,  pL  1,  figi. 
4-7.— Miller,  Ciociiinati  tjimrt.  Jour.  ScL,  II,  1875,  p.  IS.—Hall  md  t'larke, 
Pal,  New  York,  VIII,  Pt-  I,  1S92,  p.  139,  pi,  40,  figa.  4-10, 

Loc.  CLncitmatii  Ohio, 

Ob».  See  T.  qalncnncialtH  and  T.  Teticularis. 

Trematis  moiitrealeiisis  BJllings.  Treoton  (Ord.). 

Tremati.-'  moiitreak'U^tia  BiUliigii  Pal.  Fotfails,  1, 1862,  p.  52^  fig.  57;^ — GmL  CaaadA, 

1863,  p.  159,  fig.  128, 
Lae,  Houtreal,  (['auada. 

TrematiB  Qblata  Ulrich.  TTtica  and  Lorraine  (Ortl.). 

Trematiepiiiictaatnata  Hall  and  WMtfietd  (uoa  Hall.  ISTB)^  Pal/Oliio,  II,  Wt^ 

p,  70,  pi.  1,  iigs,  H,  9. 
Treinatla  oblata  Ulricli,  Amorican  GeoJogiHfr,  IV,  1889,  p.  23;  III,  p,  378,  fig.  9.— 

Hall  and  Clarke,  PaL  New  York,  VllI,  Pt.  I,  1892,  p,  142,  pi.  40,  tig.  30. 
Zrao.  Cinoinnati,  Ohio. 

Trematifl  ottawaeneis  BilliugB,  Trenton  and  Lorr^iiBe  (Onl,), 

Trematis  uttawjwjni^ie  BlUluf^a,  Pal.  Foosila,  I,  1862,  p.  53,  fig,  58  oo  p.  52:— Gi^<iL 
Canada.  180,  p.  159,  tig.  129;— Cat.  Sil.  Fossili  Autit;o6ti,  1866,  p.  IL— HsU 
and  (Mfirko,  Pal.  New  York.  VIII,  Pt.  T.  1892,  p.  139,  pi.  4G.  figs.  15-17.— Wb- 
di^ll  and  §<5htieli€rt,  Minnesota  Geol.  Snrvej,  111,  1893,  p.  369,  fig.  30. 

Lot,  Ottawa,  Canada;  Aitticoflti;  Trenton  Falla,  Hew  York;  F'rankfort,  Kea- 
tuoky;  St.  Paul,  Minnesota^ 

Trematist  panuuluw  Wliite=Iphidea  panuulus. 
Trematia  punctostriata  Hall  aucl  Whitfield =T.  oblata. 

Trematifl  punctiBtriata  HalL  Lorraine  (Ord.). 

Trematia  ptint^toatriata  HaU,  Twenty 'third  Rep.  K.  Y.  State  Cab.  Nat.  Hist.,  1873, 
p.  243,  pL  13,  tigs.  17,  18.— Hall  and  Clnrkei  Pal,  New  York,  Vlll,  Pt.  I, 
1892,  p.  142,  pi.  4G,  figs.  11-13  { T3). 

LfW.  Cliftoij,  TennesBee. 

Trematii  (1)  puitnloia  HalL  Lorraine  (Ord*). 

Treniatisf  pufltulofia  HalU  Descrip.  n.  sp.  Criooldea  and  othcsr  FosiilSp  186S,  p. 

15  J— Twenty- fourth  Rep.  N.  Y.  Stat^  Cab.  Nat.  Hiat.,  1873,  p.  222, 
too*  Near  Horioon,  WiBeonaiJi. 

Trematifl  qxdncuncdalis  Miller  and  Dyer.  Lorraine  { Ord.). 

Trematis  quincnnciali^  Miller  and  DycFj  Cont.  to  Pal.,  11,  1878,  p.  8,  pL  3,  lig,9. 
Loc,  Lebanon,  Ohio. 

Obs.  Seema  to  lie  only  a  variety  of  T.  nuUepitnotata  ooourruig  at  a  higher 
horizon. 
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laris  (Miller).  Lorraine  (Ord.). 

laris  Miller,  CiDcinnati  Quart.  Jour.  Sci.,  II,  1875,  p.  280,  fig.  1. 
He,  Indiana. 
Q  specimens  have  been  examined  and  appear  to  be  young  T.  mille- 

nall=Schizocraiiia  rudis. 

talis  Emmons.  Trenton  (Ord.). 

ainalis  Emmons,  Geol.  New  York ;  Rep.  Second  Dist.,  1842,  p.  296, 

all.  Pal.  New  York,  1, 1847,  p.  100,  pi.  30,  fig.  11. 

ainalis  Emmons,  American  Geologist,  Pt.  II,  1855,  p.  201,  fig.  63.— 

Seol.  Canada,  1863,  p.  159,  fig.  127.— Hall  and  Clarke,  Pal.  New  York, 

[,  1892,  p.  139,  pi.  4G,  figs.  1, 2. 

rminalis  Miller,  Cincinnati  Quart.  Jour.  Sci.,  II,  1875,  p.  14. 

ille,  Trenton  Falls,  Watertown,  and  elsewhere  in  New  York. 

jata  Ha]l=Schizobolus  concentiicus. 

ata  Ulrich.  Lorraine  (Ord.). 

l>onata  Ulrich,  American  Geologist,  IV,  1889,  p.  23;  III^  1889,  fig.  8 

—Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  139,  pl.4G, 

9. 

on,  Kentucky;  Cincinnati,  Ohio. 

[J8  Matthew.  Genotype  T.  insignis  Matthew. 

J  Matthew,  Canadian  Rec.  Science,  1893,  p.  276.— Hall  and  Clarke, 
Ann.  Rep.  N.  Y.  State  Geol.,  1894,  p.  252. 

isignis  Matthew.  Middle  Cambrian. 

I  insignis  Matthew,  Canadian  Record  Science,  1893,  p.  276,  fig.  1;— 
oyal  Soc.  Canada,  Vol.   XI,  1894,  p.  88,  pi.  16,  fig.  4a-d/— Trans, 
d.  Sci.,  XIV,  1895,  p.  122,  pi.  4,  fig.  2. 
iics,  New  Brunswick. 

lA  HalL  Genotype  Spirifert  perforatus  Hall. 

Hall,  Pal.  New  York,  III,  1859,  p.  207;— Twelfth  Kep.  N.  Y.  State 
.  Hist.,  1859,  p.  27;— Pal.  New  York,  IV,  1867,  p.  271.— Nettelrotb, 
r  Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  135.— Hall 
ce,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  124;— Thirteenth  Ann.  Rep. 
to  Geologist,  1895,  p.  798. 
:a  Hall,  Sixteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1863,  p.  54. 

icadiiB  Hall  and  Glarke=Bhynchospira  acadiiB. 

mora  Hall.  Niagara  (Sil.). 

ra  Hall,  Pal.  New  York,  II,  1852,  p.  273,  pi.  56,  fig.  3. 
camura  Hall,  Pal.  New  York,  III,  1859,  p.  212,  pi.  28A,  fig.  1.— Hall 
le,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  126,  pi.  49,  figs.  2-4. 
k  camura  Billings,  Geol.  Canada,  1863,  p.  315,  fig.  322. 
•t.  New  York. 

fftata  Hall.  Lower  Helderberg  (Dev.). 

,  costata  Hall,  Pal.  New  York,  III,  1859,  p.  210,  pl.28A,  1859,  fig.  4;— 
V,  1867,  p.  276,  figs.  5,  6.— Hall  and  Clarke,  Pal.  New  York,  VIII, 
)5,  pi.  49,  figs.  19,  20. 
and  Schoharie  counties.  New  York. 

ieweyi  Hall=3Parazyga  deweyi. 
lisparilis  Hall = A  try  pin  a  disparilis. 
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Trematospira  dubia  (Billings).  Lower  Helderberg  (Dev.). 

Retzia  dubia  Billings,  Proc.  Portland  Soc.  Nat.  Hist.,  1, 1863,  p.  113,  pi.  3,  fig.  10. 
Trematospira  dubia  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  126, 

pi.  49,  figs.  15, 16. 
Loc,  Sqaare  Lake,  Maine. 

Trematospira  eqaistriata  Hall  and  Clarke.        Lower  Helderberg  (Dev.). 
Trematospira  equistriata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895, 

pi.  49,  fig.  47. 
Loc.  Cumberland,  Maryland. 

Trematospira  gibbosa  Hall.  Hamilton  (Dev.). 

Trematospira  gibbosa  Hall,  Thirteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1860, 
p.  82;— Pal.  New  York,  IV,  1867,  p.  272,  pi.  45,  figs.  7-15.— Hall  and  Clarke, 
Pal.  New  York,  VIII,  Pt.  II,  1895,  pi.  49,  figs.  23-27. 

Loo.  Bellona,  York,  and  Darien,  New  York. 

Trematospira  belena  Nettelroth=Ehyncbospira  helena. 

Trematospira  hippolyte  (Billings).  Lower  Helderberg  (Dev.)- 

Retzia  hippolyte  Billings,  Proc.  Portland  Soc.  Nat.  Hist.,  1863,  p.  112,  pi.  13,  fig.  9. 
Trematospira  hippolyte  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p. 

126,  pi.  49,  figs.  7, 8. 
Loc,  Square  Lake,  Maine. 

Trematospira  birsuta  Hall=Parazyga  birsata. 
Trematospira  imbricata  Hall=Atrypina  imbricata. 

Trematospira  (?)  lininscnla  A.  Winchell.  Hamilton  (Dev.). 

Trematospira  f  liniuscnla  A.  Winchell,  Rep.  Lower  Peninsula  Michigan,  1866, 

p.  94. 
Loo,  Grand  Traverse  region,  Michigan. 

Trematospira  mattbewaoni  McCbe8ney= Atrypa  marginalis. 

Trematospira  maria  (Billings).  Lower  Helderberg  (Dev.). 

Retzia  maria  Billings,  Proc.  Portland  Soc.  Nat.  Hist.,  1863,  p.  112,  pi.  3,  fig.  8. 
Trematospira  maria  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  126, 

pi.  49,  fig.  21. 
Loc,  Square  Lake,  Maine. 

Trematospira  moltistriata  Hall.  Lower  Helderberg  (Dev.). 

Spirifer  mnltistriata  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  59, 
figs.  1-6. 

Trematospira  mnltistriata  Hall,  Pal.  New  York,  III,  1859,  p.  209,  pi.  24,  fig.  3; 
pi.  28A,  fig.  5;— Ibidem,  IV,  1867,  p.  276,  figs.  1-3.— Hall  and  Clarke,  Pal, 
New  York,  VIII,  Pt.  II,  1893,  p.  126,  tig.  110,  pi.  49,  figs.  9-14. 

Retzia  mnltistriata  Billings,  Geol.  Canada,  1863,  p.  958,  fig.  458. 

Loc,  Schoharie,  New  York. 

Trematospira  nobilis  Hall=Cyclorbina  nobilis. 

Trematospira  perforata  Hall.  Lower  Helderberg  (Dev.). 

Spirifer  f  perforata  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  60. 
Trematospira  perforata  Hall,  Pal.  New  York,  III,  1859,  p.  208,  pi.  28A,  fig.  3;— 

Ibidem,  IV,  1867,  p.  276.— HaU  and  Clarke,  Pal.  New  York,  VIU,  Pt.  II,  1895, 

pi.  49,  figs.  5,  6. 
Loo,  Albany  and  Schoharie  counties  and  Hudson,  New  York. 

Trematospira  simplex  Hall.  Lower  Helderberg  (Dev.). 

Trematospira  simplex  Hall,  Pal.  New  York,  III,  1859,  p.  211,  pi.  28A,  fig.  2.— Hall 

and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi.  49,  figs.  17, 18. 
Loo.  Decatur  County,  Tennessee. 
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[][uadrip]icata  Miller =Ehynchotrema  infpqui  valve. 

nnesseensis  Hall  and  Clarke.      Lower  HeUlerberg  (Dev.)* 
>  tennesseensis  Hall  and  Clarke,  Pal.  New  Vork^  VIII,  Pt.  11,  1895, 
fs.  21-23. 
ounty,  Tennessee. 

iyle  partim)  Hall  and  Clarke. 

Genotype  Terebratiila  guenmgeri  de  Yemeuilp 

le  (partim),  Explic.  Carte  G6ol  do  France,  Atlas,  1^5,  pL  13.— Halt 
•ke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  272,  273,  hg.  18*Jj— TLij. 
dp.  N.  Y.  State  Geologist,  1895,  p.  856. 

ri  (CEhlert).  Orisikany  (Dev,). 

gaudryi  (Ehlert,  Bull.  Soo.  Geol.  France,.  Sd  ser.,  V,  1S77,  p.  598.  pL 
— Bull,  de  la  Soc.  d'Etudes  Scientif.  d'Angerti,  separate  1883,  p.  2,  pL 
0-17. 

Iryi  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  11,  1893,  p.  273,  flg. 
6,  figs.  6, 7. 
Cumberland,  Maryland. 

Ida  Hall.  Baiajltoii  (Dev.). 

%  lepida  Hall,  Thirteenth  Rep.  N.  Y.  State  C»l».  N»k  Hist.,  1880,  p. 
New  York,  IV,  1867,  p.  276,  pi.  45,  figs.  1-6. 
k  Miller,  N.  American  Geol.  Pal.,  1889,  p.  366. 

Mda  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  11,  1893,  p.  274,  pi  50, 
0. 
Eiigua  Lake  and  Bellona,  New  York. 

rgarida  (Derby).  Middle  Devon  ian. 

f)  margarida  Derby,  Arohivos  do  Museu  N^tutmal  Rio  de  .lanaiio, 
p.  84,  with  figures  in  text. 

krgarida  Hall  and  Clarke,  Pal.  New  York,  Vlll,  Ft.  II,  1893.  p.  274. 
'  Paraguay ;  Matto  Grosso,  Brazil. 

tlandioa  (Billings).  Lower  HeUlerberg  (Dev.)> 

portlandioa  Billings,  Proo.  Portland  Soc.  Nat.  Wmt.,  I,  1863,  p.  115, 
12. 

rtlandica  HaU  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  273, 
rs.  4,  5. 
Lake,  Maine. 

rdiana  (Batbban).  Middle  Devonian. 

lana  (Hartt)  Rathbun,  Bull.  Buffalo  Soc.  Nat.  »ci.,  1,  1874,  p.  245, 

58.  2-5,  8,  9,  11,  12,  14,  16.— Rathbun,  Proo.  Boatou  bo<?.  Nat.  lliat., 

,p.31. 

liana  Derby,  Archivos  do  Museu  Nacioual  dct  Rio  de  Janerio^  IX, 

r8. 

krdiana  HaU  and  Clarke,  Pal.  New  York,  VBI,  Pb.  II,  1893,  p.  274. 
e  of  Para,  Brazil. 

.  Billings.  Genotype  T.  f]:raiidi.s  F»illiug.s, 

llUings,  Pal.  Fossils,  I,  1862,  p.  166. — Dall,  American  Jcjur,  CddcIi., 
p.  160;— Ibidem,  VII,  1871,  p. 79.— Davidson  and  King,  guart.  Jour. 
J.  London,  XXX,  1874,  p.  143.— Dall,  Bull.  U.  H.  National  Mus.,  8, 
74.— HaU  and  Clarke,  Pal.  New  York,  VIlI,  Pt.  I,  1892,  pp.  33,  46, 
Bventh  Ann.  Rep.  N.  Y.  State  Geologist,  1894,  p.  23ti. 
ill,  American  Jour.  Conch.,  VI,  1870,  p.  160. 
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Trimerella  acnminata  Billings.  Guelpli  (Sil.). 

Trimerella  acuminata  BillingB^  Pal.  Fossils,  I,  1862,  pp.  167,  168,  fig.  152;— 
American  Jour.  Sci.,  3d  ser.,  I,  1871,  p.  471; — ^Ann,  Mag.  Nat.  Hist.,  4th  ser., 

VIII,  1871,  p.  140.— Dall,  American  Jour.  Conch.,  VII,  1871,  p.  82.— David- 
son and  King,  Quart.  Jour.  Gcol.  Soc.  London,  XXX,  1874,  p.  146,  pi.  15, 
figs.  4-7;  pi.  16,  figs.  1,  2.— Nicholson,  Pal.  Prov.  Ontario,  1875,  p.  68,*  fig. 
36.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  4B,  ^g.  6. 

Loc,  Gait,  New  Hope,  and  Hespelar,  Ontario;  near  Hillsboro,  Ohio;  Port  Byron, 
Illinois;  Gotland  and  Faro. 

Trimerella  biUingii  Dall.  Oaelpli  (Sil.). 

Trimerella  billingsi  Dall,  American  Jonr.  Conch.,  VII,  1871,  p.  82,  pi.  11,  figs. 

1-3. — Davidson  and  King,  Quart.  Jonr.  Geol.  Soc.  London,  XXX,  1874,  p.  150, 

pi.  16,  figs.  8, 9. 
Loc.  New  Hope,  Ontario,  Canada. 

Trimerella  dalli  Davidson  and  King.  Guelph  (SiL). 

Trimerella  dalli  Davidson  and  King,  Quart.  Jour.  Geol.  Soc.  London,  XXX,  1874, 

p.  154,  pi.  15,  figs.  1-3.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892, 

pi.  4A,  fig.  10. 
Loo.  HespelaFj  Elora,  and  New  Hope,  Ontario,  Canada. 

Trimerella  galtensis  Hall=Khinobolus  galtensis. 

Trimerella  grandis  Billings.  Gaelph  (SiL). 

Trimerella  grandis  Billings,  Pul.  Fossils,  I,  1862,  pp.  166,  167,  fig.  151.— Dall, 
American  Jour.  Conch.,  II,  1870,  p.  160;— Ibidem,  VII,  1871,  p.  82.— Hall, 
Twenty-third  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1873,  pi.  13,  figs.  11-16.— 
Davidson  and  King,  Quart.  Jonr.  Geol.  Soc.  London,  XXX,  1874,  pi.  13,  figs. 
2,  3.— Nicholson,  Pal.  Prov.  Ontario,  1875,  p.  67,  fig.  37.— Hall  and  Clarke, 
Pal.  New  York,  VIII,  Pt.  I,  1892,  pi.  4A,  figs.  1,  2;  pi.  4B,  figs.  2-5. 

Loc.  Gait,  New  Hope,  and  Elora,  Hespelar,  Ontario,  Canada;  near  HlllBboro, 
Ohio;  Wisconsin. 

Trimerella  minor  Dall=Ehinobolus  galtensis. 

Trimerella  ohioensis  Meek.  Niagara  (Sil.). 

Trimerella  ohioensis  Meek,  American  Jour.  Sci.,  3d  ser.,  I,  1871,  p.  305. — Dall, 

American  Jour.  Conch.,  VII,  1871,  p.  83. — Davidsiou  and  King,  Geol.  Mag., 

IX,  1872.— Meek,  Pal.  Ohio,  1, 1873,  p.  183,  pi.  16,  fig.  1.— Davidson  and  King, 
Quart.  Jour.  Geol.  Soc.  London,  XXX,  1874,  p.  153,  pi.  16,  figs.  3-7;  pi.  19, 
figs.  1-2.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  1, 1892,  pi.  4A,  figs.  3-9. 

Loc.  Genoa,  Ottawa  County,  Ohio;  Port  Byron,  Hlinois;  Ontario,  Canada. 

TBIFLECIA  Hall.  Genotype  Atrypa  extaus  Emmons* 

Triplesia  Hall,  Pal.  New  York,  III,  1859,  p.  522;— Twelfth  Rep.  N.  Y.  State  Cab 

Nat.  Hist.,  1859,  p.  44.— Waagen,  Pala»ontologica  Indica,  Ser.  XIII,  I,  1884, 

p.  576. 
Triplecia  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  269.— Winchel' 

and  Schuchert,  Minnesota  Geol.  Survey,  III,  1893,  p.  408.— Hall  and  Clarke, 

Eleventh  Ann.  Rep.  N.  Y.  State  Geologist,  1894,  p.  289. 
Dicraniscus  Meek,  American  Jonr.  Sci.,  3d  ser.,  IV,  1872,  p.  279.— Pal.  Ohio,  I, 

1873,  p.  576. 

Tripleda  cuspidata  Hall.  Trenton  (Ord.). 

Atrypa  cnspidata  Hall,  Pal.  New  York,  1, 1847,  p.  138,  pi.  33*,  fig.  1,  and  p.  318. 
Triplesia  cnspidata  Hall,  Pal.  New  York,  III,  1859,  p.  522.— Hall  and  Clarke, 

Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  270. 
Loo,  Lowville,  Lewis  Coonty.  New  York. 
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(Emmons).  Trenton  (Ord.). 

B  Emmons,  Geol.  N.  Y.;  Rep.  Second  Dist.,  1842,  p.  395,  fig.  6.— 
New  York,  I,  1847,  p.  137,  pi.  33,  fig.  1. 
ns,  Hall,  Ibidem,  III,  1859,  p.  523,  figs.  1-3. 

ma  Hall  and  Clarke,   Pal.  New  York,   VIIT,  Pt.  I,  1893,  p.  270, 
gs.  1-7. 
wn,  Lowville,  and  Boonville,  New  York. 

EMnais  Hall  and  Clarke.  Niagara  (6il.). 

[arensis  Hall  an<l  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi.  83, 

». 

wankee,  Wisconsin. 

I  Hall.  Trenton  (Ord.). 

18  Hall,  Pal.  New  York,  I,  1847,  p.  138,  pi.  33,  fig.  2. 

lens  Hall,  Ibidem,  III,  1859,  p.  522. 

lens,  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  270, 

gs.  8, 9. 

He,  New  York. 

Meek.  Clinton  (8il.). 

rtoni  Meek,  American  Jour.  Sci.,  3d  ser.,  IV,  1872,  p.  280. 

ni  Meek,  Pal.  Ohio,  I,  1873,  p.  178,  pi.  15,  fig.  1. 

mi,  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  270; 

gs.  12-20.— Foerste,  Geol.  Ohio,  VII,  1895,  p.  ^S5. 

Ohio;  Newson,  Tennessee. 

iata  Whitfield.  Calciferous  (Ord.). 

ata  Whitfield,  Bull.  American  Mus.  Nat.  Hist.,  II,  1889,  p.  43,  pi.  7, 

lata,  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I,  1892,  p.  271. 
itown,  New  York. 

i  Winchell  and  Schuchert.  Lorraine  (Ord.). 

chi  W.  and  S.,  Minnesota  Geol.  Survey,  III,  1893,  p.409,  fig.  34. 
and  Spring  Valley,  Minnesota. 

^na  Ha11=Camarella  ambigna. 

'era  Walcott=:Syntrophia  calcifera. 

ista  Hall=Hyattella  congesta. 

ilis  Whitfield=Syntropliia  lateralis. 

)rdiali8  Whitfield =Syntrophia  primordialis. 

las  Hall=Mimalas  waldronensis. 

ricostata  Hall=Hyattella  congesta. 

US  Hall.  Genotype  Strophomena  carinata  Conrad. 

i  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p.  152  (unde- 
Pwelfth  Rep.  Ibidem,  1859,  p.  31  (undefined);  Twentieth  Rep,— 
867,  pp.  165,  279;— Pal.  New  York,  IV,  1867,  p.  404.— Nettelroth, 
r  Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  46.— Hall 
ke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  302 ;— Thirteenth  Ann.  Rep. 
te  Geologist,  1895,  p.  870. 

krinatuB  (Conrad).  Marcellns  and  Hamilton  (Dev.). 

carinata  Conrad,  Third  Ann.  Rep.  N.  Y.  Geol.  Survey,  1839,  p.  64. 
costa  (Hall)  de  Verneuil,  Bull.  Soc.  Geol.  France,  2d  ser.,  IV,  1847, 

B  carinatuB  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  p. 
1,2;— Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1859,  p.  31,  figs. 
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Tropidoleptus  carinatiu  (Conrad) — Continued. 

1-4.— Rogers,  Geol.  PencsylvaDia,  II,  Pt.  II,  1868,  p.  828,  fig.  672.— H 
New  York,  IV,  1867,  p.  407,  pi.  62,  figs.  2, 3.— Meek  and  Worthen,  Geol 
lUinois,  III,  1868,  p.  427,  pi.  13,  fig.  2.— Rathbun,  Boll.  Buffalo  Soo.  N 
1, 1874,  p.  254,  pi.  9,  figs.  1,  9,  10,  26.— Derby,  Bull.  Mus.  Comp.  Zo 
1876,  p.  282.— Rathbun,  Proc.  Boston  Soc.  Nat.  Hist.,  XX,  1879,  p.  35.- 
roth,  Kentucky  Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889; 
pi.  17,  figs.  14, 15.— A.  Ulrich,  N.  Jahrb.  f.  Mioeral.,  Beilageband,  VI] 
p.  73,  pi.  4,  figs.  32-31.- Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt. 
p.  304,  figs.  227, 228,  pi.  82,  figs.  26-36. 
Loc,  New  York;  Falls  of  Ohio;  Columbus,  Ohio;  Pennsylvania;  Jackson  ( 
Illinois;  Erere,  Province  of  Para,  Brazil;  Island  of  Coati,  Lake  ' 
(Agassiz),  and  Rio  Sicasica  (Ulrich),  Bolivia,  South  America;  Soutli 
(Ulrich);  France;  Germany  and  England. 

Tropidoleptus  ocddens  Hall.  Hamilton  i 

Tropidoleptus  occidens  Hall,  Thirteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hif 
p.  91 ;— Pal.  New  York,  IV,  1867,  p.  408,  pi.  61A,  figs.  50-52.— Hall  and 
Pal.  New  York,  VIII,  Pt.  II,  1895,  pi.  82,  figs.  37, 38. 
Loc.  Iowa  City,  Iowa. 

mrCIHTTLUS  Bayle.  Genotype  Ehynchonella  subwilsoui  d'Oi 
Uncinulns  Bayle,  Explic.  de  la  Cart«  G6olog.  France,  IV,  Atlas,  1878,  pi. 
17-20.— Waagen,  Palaeontologica  Indica,  Ser.  XIII,  I,  1883,  p.  424.— 
Fischer's  Manuel  de  Conchyliologie,  1887,  p.  1306.— Hall  and  Clarke,  I 
York,  VIII,  Pt.  II,  1893,  p.  195 ;— Thirteenth  Ann.  Rep.  N.  Y.  State  6< 
1895,  p.  828. 

Uncmnlns  abmptus  HaU.  Lower  Helderberg 

Rhynchonella  abrupta  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist,  185 

fig.  1 ;— Pal.  New  York,  III,  1859,  p.  228,  pi.  31,  fig.  3. 
Uncinulus  abmptus  Hall  and  Clarke,  VIII,  Pt.  II,  1893,  p.  199,  pi.  58,  fig 
Loc.  Albany  and  Schoharie  counties.  New  York. 

Uncinuliu  campbellanns  (Hall).  Lower  Helderberfi^ 

Rhynchonella  campbellana  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.; 

79;— Pal.  New  York,  III,  1859,  p.  239,  pi.  43,  fig.  2. 
Loc.  Albany  County,  New  York. 

Uncmiilas  mutabiliB  Hall.  Lower  Helderberg 

Rhynchonella  mutabilis  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist., 

66,  figs.  1-7 ;— Pal,  New  York,  III,  1859,  p.  225,  pi.  29,  fig.  4 ;  pi.  30,  figs.  ] 
Uncinulus  mutabUis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893^ 

pi.  58,  figs.  22-25. 
Loc.  Schoharie  and  Carlisle,  New  York. 

Uncinnliis  nobiliB  Hall.  Lower  Helderberg  i 

RhynchoneUa  nobilis  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  195' 

figs.  1-3.— Rogers,  Geol.  Pennsylvania,  II,  1858,  p.  825,  fig.  645.— Hs 

New  York,  III,  1859,  p.  240,  pi.  43,  fig.  3. 
Uncinulus  nobilis  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  U,  1895, 

fig.  26. 
Loc.  Albany  and  Schoharie  counties.  New  York ;  Pennsylvania. 

Uncmnlns  nncleolatna  Hall.  Lower  Helderberg  ( 

Rhynchonella  nuoleolata  HaU,  Tenth  Rep.  N.  Y.  Stat«  Cab.  Nat.  Hist 
p.  68;— Pal.  New  York,  III,  1859,  p.  227,  pi.  31,  figs.  If,  2.— Billingi 
Portiand  Soc.  Nat.  Hist.,  1863,  p.  110,  pi.  3,  fig.  5. 
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latiu  Hall — Continued. 

leolata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Ft.  II,  1893,  p.  199. 
I  and  Carlisle,  New  York ;  Square  Lake,  Maine ;  St.  Blaudine,  New 
;,  Canada. 

idatus  Hall.  Lower  Helderberg  (Dev.). 

pyramidata  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857, 
I.  New  York,  III,  1859,  p.  229,  pi.  32,  figs.  1,  2. 
wnidatus  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  pi.  58, 

oiinty,  New  York. 

andi  (Sowerby).  Niagara  (Sil.). 

ricklandi  Sowerby,  Mnrchison^s  Sil.  System,  1839,  pi.  13,  fig.  19. 
tennesseensis  Hall  (non  Roemer),  Trans.  Albany  Institute,  IV, 
8;— Twenty-eighth  Rep.  N.  Y.  State  Mos.  Nat.  Hist.,  Doc.  ed., 
5,  figs.  34-40. — White,  Second  Ann.  Rep.  Indiana  Bnroau  of  Sta- 
Geol.,  1880,  p.  496,  pi.  3,  figs.  2-4 ;— Tenth  Rep.  State  Geol.  Indiana, 
3,  pi.  3,  figs.  2-4. 

Strickland!  Hall,  Twenty-eighth  Rep.  N.  Y.  State  Mus.  Nat.  Hist., 
879,  p.  165,  pi.  26,  figs.  34-40;— Eleventh  Rep.  State  Geol.  Indiana, 
$,  pi.  26,  figs.  34-40.— Nettelroth,  Kentucky  Fossil  Shells,  Mem. 
Geol.  Survey,  1889,  p.  81,  pi.  27,  figs.  9-11;  pi.  29,  figs.  3-6. 
iciuulina)  Strickland!  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt. 
I.  58,  figs.  3g-40. 
Waldron,  Indiana;  Louisville,  Kentucky. 

ttus  Hall.  Lower  Helderberg  (Dev.). 

vellicata  Hall,  Tenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1857,  pp. 
.  2,  3;— Pal.  New  York,  III,  1859,  p.  230,  pi.  33,  fig.  1. 
icata  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1895,  p.  199. 
nd  Schoharie  counties,  New  York;  Dalhousie,  New  Brunswick, 


'  4 


Genotype  V.  pustnlosa  Hall. 

Thirteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1866,  p.  72,  figs.  1, 2;— 
rork,  IV,  1867,  p.  410.— Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt. 
138;— Thirteenth  Ann.  Rep.  N.  Y.  State  Geologist,  1895,  p.  804. 

a  Hall.  Hamilton  (Dev.). 

ilosa  Hall,  Thirteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1860,  p. 
^ew  York,  IV,  1867,  p.  410,  pi.  62,  fig.  1.— Rathbun,  Bull.  Buffalo 
Jc!.,  1, 1874,  p.  255,  pi.  9,  figs.  2, 6-8,  11-13, 15, 20, 21, 27, 32.— Derby, 
Comp.  Zool.,  Ill,  1876,  p.  282.— Rathbun,  Proc.  Boston  Soo.  Nat. 
1879,  p.  36.— A.  Ulrich,  N.  Jahrb.  f.  Mineral.,  Beilageband,  VIII, 
J;— Ibidem,  Beilageband,  VIII,  1892,  p.  71,  pi.  4,  figs.  26-29.— Hall 
>,  Pal.  New  York,  VIII,  Pt.  II,  1893,  pp.  139,  317,  pi.  82,  figs.  18-25. 
ly  and  Tinkers  Falls,  New  York;  Monroe  County,  Pennsylvania; 
vince  of  Para,  and  provinces  Parana  and  Matto  Grosso,  Brazil; 
Cloati,  Lake  Titicaca,  Tarabnco  and  Rio  Sicasica,  Bolivia;  South 


King.  Genotype  W.  flavescens  Lamarck. 

ing,  Mon  Permian  Fossils,  Pal.  Soo.,  1850,  p.  81.— Dall,  American 
5h.,  VI,  1870,  p.  107. 

itorcensis  Agnilera.  Jurassic. 

Atorcensis  Aguilera,  Bol.  Com.  Geologica  de  Mexico,  1, 1895,  p.  1, 

L 

lamitos,  San  Luis,  Potosi,  Mexico. 


1 

.if 
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Waldlieimia  coinpacta  White  and  St.  John = Cry ptacanthia  com 
Waldheimia  coutinhoana  Derby =Harttina  continhoana. 
Waldheimia  deweyi  Hall=Parazyga  deweyi. 
Waldheimia  formosa  Hall=Ehyncho8pira  formosa. 
Waldheimia  globosa  Hall=Rhynchospira  globosa. 
Waldheimia  imbricata  Cooper=TerebratelIa?  irabricata. 

Waldheimia  kennedyi  Dall.  Mi 

Waldheimia  kennedyi  Dall,  Proc.  California  Acad.  Sci.,  1874  (extract,  p.  4 
Loc.  CeiTos  Island,  Lower  California. 

Waldheimia  rectirostra  Hall=Rhynchospira  rectirostris. 
Whitfieldia  Davidson^Meristina. 

WHITFIELDELLA  Hall  and  Clarke.         Geuotyx)e  Atrypa  nitids 
AMiitfieldella  Hall  and  Clarke,  Pal.  New  York,  A^III,  Pt.  II,  1893,  p.  58: 
teenth  Ann.  Rep.  N.  Y.  State  Geologist,  1895,  p.  766. 

WUtfleldella  (!)  billingaana  (Meek  and  Worthen).  Niagara 

Centronella  billingsiana  Meek  and  Worthen,  Geol.  Survey  Illinois,  III, 

352,  figs,  a,  b,  c ;  pi.  6,  fig.  5. 
Loc,  Alexander  County,  Illinois. 

Whitfleldella  (t)  bisidoata  ( Yanaxem).  Lower  Helderberg  ( 

Atrypa  bisulcata  Vanuxeiu,  Geol.  N.  Y. ;  Rep.  Third  Dist.,  1842,  p.  112. 
Merista  bisulcata  Hall,  Pal.  New  York,  III,  1859,  p.  253. 
Loc.  Litchfield,  New  York. 

Whitfleldella  cylindrioa  Hall.  Clinton-Niagara 

Atrypa  cylindrica  Hall,  Pal.  New  York,  II,  1852,  p.  76,  pi.  24,  fig.  2. 
Atrypa  crassirostra  Hall,  Pal.  New  York,  1852,  p.  269,  pi.  55,  fig.  4. 
Merista  cylindrica  Hall,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1859, 
Athyris  cylindrica  Billings,  Geol.  Canada,  1863,  p.  317,  fig.  333;— Geol.  ( 

1863,  p.  317,  fig.  332. 
Meristella  ( fMeristina)  cylindrioa  Meek,  Pal.  Ohio,  I,  1873,  p.  180,  pi.  IS 
Whitfieldella  cylindrica  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II, 

60,  pi.  40,  fig8.  16-22. 
Loo,  Lockport,  New  York;  Hillsboro,  Ohio;  Hamilton,  Ontario;  Anticoc 

Whitfleldella  (!)  harpalyce  (Billings).  Lower  Helderberg  ( 

Athyris  harpalyce  Billings,  Proc.  Portland  Soc.  Nat.  Hist.,  1863,  p.  11< 

fig.  14. 
Whitfieldella  (f )  harpalyce  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  I 

p.  60. 
Loc,  Square  Lake,  Maine. 

Whitfleldella  hyale  (Billings).  Guelpb 

Charionella  f  hyale,  Billings,  Pal.  Fossils,  I,  1862,  p.  166,  fig.  150. 
Whitfieldella  hyale  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p 
Charionella  hyale  Hall  and  Clarke,  Ibidem,  pi.  42,  figs.  20,  21. 
Loo.  Gait  and  Elora,  Ontario;  Wisconsin  (Whitfield). 

Whitfleldella  intermedia  Hall.  Clinton-Niagara 

Atrypa  intermedia  Hall,  Pal.  New  York,  II,  1852,  p.  77,  pi.  24,  figs.  3, 4,  f6.— J 

Geol.  Pennsylvania,  II,  1858,  Pt.  II,  p.  823,  fig.  634. 
Merista  intermedia  Hall,  Twelfth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1859,  ] 
Athyris  intermedia  Nicholson  and  Hinde,  Canadian  Jonr.  Sci.,  XIV,  1874,  p 
Nicholson,  Pal.  ProT.  Ontario,  1875,  p.  61,  fig.  82A. 
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rmedia  Hall— Contimied. 

ntt^ruR'diii  Hall  aod  CJark^s  Vtth  New  York,  VMI,  Vi,  II,  1893,  p. 

Now  York;  Tboroklj  Ontario;  PertDRjIvania. 
julrn  (BilHugH).  Auticosti  (BiL), 

iHiugtii  rah  FoaeiiB,  I,  186t2,  p.  UO,  lig.  124, 
I  Miljer,  N.  Aiuerit-aa  Geol.  Pal,^  1889.  \k  351. 

uayijbriiiis  HalL  Gliti too* Niagara  {BIL). 

mis  Hall.  Gool.  Now  York;  R*ip.  Ftjunh  Diat,,  18^13.  p,  71,  fig.^;— 

brkp  n»  ia^2,  p.  76,  pi.  24,  iig*  I.— Nkholaon  and  Hiude,  CttUddiiwi 

u.  aer,  XVI,  1871,  pp,  114,  157. 

furmia  UalL  Twelfth  Rep.  N.  Y.  Statu  C»b,  Nat*  Hint.,  1859,  p.  78. 

Dita  BiUiDga,  Geo].  Canada  1863,  p.  S^lTj  @g,d20.— Njcbot»on,  Ftil. 

rlo,  1875,  p.  Ij2,  fig.  32  M. 

aviforiuia  HaU  and  Clarke^  Pttl.  New  York,  VIII,  Ft,  11,  lJ$9S,  p.  60, 

3. 

,  Soduflp  etd.j  New  York;  Bujxd&a,  Onlarlu;  Attlic:oati. 

da  HalL  Niagara  (Bil,)* 

Hall,  Geol.   New  York;    Rep.   Fonrth  Diat,,  Tables  of  Orgwnio 
3.  1843,  fig.  5;— PaL  N<?w  York,  II,  1852,  p.  26*i,  pi.  56,  fig*  1.— 
liuadlaTi  Nat.  Gind.,  t,  1856,  p,  137,  |>1.  2,  fig,  9. 
Hal],  Twelfth  Hep.  N.  Y.  State  Cab.  Nat,  Hiat.,  1859,  p.  78, 
Hall,  (ieol  Canada,  1863,  p.  317^  fig.  :m, 
\ii  Hall,  Tran»,  AlbaEy  Imtitate,  IV,  18^3,  p.  226, 
[a  Hs*]!,  Pal,  New  York,  l\\  18(i7,  p.  299;— Twenty -eighth  Hep. 
a  MtiH,  Nat.  Hmt.,  1879,  p.  169,  pL  25,  fig*.  1-7;— Kleveiitb  Hep. 
.  Iiidiana,  1882,  p,  30ii,  pi.  25,  figi.  1-7,— Xettelroth,  Kentucky 
k,  Metn,  Kentucky  Geol,  Biirvey,  1889,  p.  102,  pi.  33,  fige,  10,  th— 
d  Clarke,  Mem.  N,  Y.  8tato  Hub.,  I,  1889,  p.  70,  pi.  7,  lige.  6-10. 
iitida  Hall  and  Clarke,  PaL  New  York,  VIII,  Ft.  II,  1893,  p.  69, 
pi.  40,  dga.  4-13. 

etc.,  New  York;  Hamilton,  OntaTlo;  Waldron,  Indiana;  Louia- 
ucky;  AntLcosU. 

ia  oMata  I  hill*  Niagara  (SiL). 

mt,  oblata  Hall,  Pal,  New  York,  11,  1^52,  p.  269,  pi.  o'y,  fig,  2. 
^ar.  oblata  Hall,  TwcUtb  E&p.  K,  Y,  State  Cab.  Nat.  Hist,,  1859, 

etc.,  New  York. 
Hicleolata  (Hall.)  Corallme  (3iL). 

iiU  Hall,  PaL  New  Ynrk,  H,  1852,  p,  328,  pL  71,  fig.  10, 
lata  Hall,  Twelfth  Rep,  N.  Y,  State  Cab.  Nat.  Hiiit,,  1859,  p,  78, 
fcoIiLta  WhitfiKld,  Geol,  Wiaconain,  IV,  1882,  p,  321,  pi,  25,  fig,  5. 
J  New  York;  near  Milwaukee^  Wisconsin. 

tta  Hall.  Medina  (SO.). 

Hall,  Pal,  New  York,  II,  1852,  p.  9,  pi,  4,  tigs.  4,5, 
Hall,  Twelfth  Rep.  N,  Y,  Sfcak?  Cab.  Nat  Hist.,  ia=?9,  p.  78. 
f )  oblata  HaU  and  Clarke,  Pal.  New  York»  VIII,  Ft.  II,  1893,  p.  GO. 
New  York. 

lata  (yaniixeui),  Waterlime  (SU.)- 

Viinuxem,  Geol.  New  York;  Bep,  Third  Diat,,  1842,  p*  112,  fig, 5. — 
ini,  Rep.  Foarth  Diat.,  1843,  p.  112,  fig.  5. 
i  >IiUer,  Americau  Fal.  FoaQJik,  1877,  p»  115* 
\am  Tillage,  New  York* 
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WIL80VIA  Kayser.  Genotype  Terebratula  wilsoui  Sowerby. 

Wilsonia  Kayser,  Zeitachr.  d.  deutscb.  geolog.  Geaselsch.,  XXIII,  1871,  p.  502. — 
Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  195  j— Thirteenth  Ann. 
Rep.  N.  Y.  State  Geologist,  1895,  p.  827. 

Uncinnlina  Bayle,  Ezplic.  de  la  Carte  G6olog.  France,  IV,  1878,  Atlas,  pi.  13, 
figs.  13-16. 

Ohs,  A  subgenus  of  Camaiotceohia. 

Wilsonia  kokomoensiB  (Miller).  Waterlime  (Sil.)- 

Rbynchonella  kokomoensis  Miller,  Eighteenth  Ann.  Rep.  Geol.  Surrey  Indiana, 

1894,  p.  312,  pi.  9,  figs.  22-24. 
Loo,  Kokomo,  Indiana. 

WilBonia  safibrdi  HaJL  •  Niagara  and  Lower  Helderberg  (Sil.  and  Dev.). 
Rbynchonella  saffordi  Hall,  Canadian  Nat.  Geol.,  V,  1860,  p.  146.— Hall  and 

Whitfield,  Twenty-seventh  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1875,  pi.  9,  figs. 

27-29.— Dawson,  Acadian  Geol.,  3d  ed.,  1878,  p.  598.— Nettelrotb,  Kentucky 

Fossil  Shells,  Mem.  Kentucky  Geol.  Survey,  1889,  p.  79,  pi.  27,  figs.  22-24; 

pi.  83,  figs.  4-6. 
Wilsonia  saffordi  Hall  and  Clarke.  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  198,  pi. 

58,  figs.  5-14. 
Loc,  In  the  Arisaig  group  of  Nova  Scotia;  Perry  County,  Tennessee;  Louisville, 

Kentucky. 

Wilsonia  saffordi  depressa  (Nettelrotb).  Niagara  (SiL). 

Rbynchonella  saffordi  var.  depressa  Nettelrotb,  Kentucky  Fossil  Shells,  Mem. 

Kentucky  Geol.  Survey,  1889,  p.  80,  pi.  33,  fig.  1-8.  ^ 

Loc.  Louisville,  Kentucky. 

Wilsonia  wilsoni  (Sowerby).  Niagara  (Sil.). 

Terebratula  wilsoni  Sowerby,  Mineral  Conchology,  1818,  p.  118,  fig.  3. 
Rbynchonella  wilsoni  Roemer,  Sil.  Fauna  d.  West.  Tennessee,  1860,  p.  71,  pi.  5, 

fig.  13. 
Wilsonia  wUsoni  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  198. 

Loc,  Europe;  Decatur  County,  Tennessee;  Louisville,  Kentucky;  Lake  Temia- 
couata,  New  Brunswick. 

TOSKIA  Walcott.  Genotype  Y.  wanneri  Walcott. 

Yorkia  Walcott,  Proc.  U.  S.  Nat.  Mus.,  XIX,  1897,  p.  714. 

Yorkia  wanneri  Walcott.  Lower  Cambrian. 

Yorkia  wanneri  Walcott,  Proc.  U.  S.  Nat.  Mus.,  XIX,  1897,  p.  715,  pi.  60,  figs.  1-le. 
Loo,  Emigsville,  Pennsylvania. 

Yorkia  (t)  washingtonensis  Walcott.  Lower  Cambrian. 

Yorkia  (f)  washingtonensis  Walcott,  Proc.  U.  S.  Nat.  Mus.,  XIX,  1897,  p.  715, 

pi.  60,  fig.  3. 
Loc,  Salem,  Washington  County,  New  York. 

ZYGOSPIRA  Hall.  Genotype  Atrypa  modesta  Hall. 

Stenocisma  Hall  (non  Conrad),  Pal.  New  York,  1, 1847,  p.  142. — Meek  and  Hay- 
den,  Pal.  Upper  Missouri,  Smithsonian  Cont.  to  Knowl.,  XIV,  1864,  p.  16. 

Zygospira  Hall,  Fifteenth  Rep.  N.  Y.  State  Cab.  Nat.  Hist.,  1862,  p.  154,  figs. 
1,  2.— Billings,  Canadian  Nat.  Geol.,  VII,  1862,  p.  393.— Hall,  Twentieth  Rep. 
N.  Y.  State  Cab.  Nat.  Hist.,  1867,  p.  267.— Meek,  Geol.  Survey,  Hlinois,  III, 
1868,  p.  377.— Davidson,  Suppl.  British  Silurian  Brachiopoda,  Pal.  Soc.,  1882, 
p.  122.— Winchell  and  Schuchert,  Minnesota  Geol.  Survey,  III,  1893,  p.  465.— 
Beecher  and  Schuchert,  Biol.  Soc.  Washington,  VIII,  1893,  pp.  71-82.— Hall 
and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  154. 

Anazyga  Davidson,  Sappl.  British  Silurian  Brachiopoda,  Pal.  Soc,  1882,  p.  128. 
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I — Cantiiitiecl. 

iU  aud  34.^1] ucbertf  MinneADta  GeoL  8nrroj<  HI,  IS&B,  p.  47L 
riml  Clarke,  PuU  New  York,  VIII,  Pt.  11.  1^3,  p,  151. 
Una  and  Zygo«pirn  Hull  and  Clnrktv  Thirfcotith  Atia.  Hep.  K.  Y, 
ght,  lf<95^  pp.  8(>9,  810,  812. 

a  BartlesoTi  =  Z.  nicoletti. 

KStieiii^is  Davifl&on^C^ ataxy ga  erratica. 

atienais  Meek.  Lorraine  (OriL), 

TMiritieDsii*  (James)  Meek,  Pal.  Obio,  1, 1873,  p,  126,  pi.  11,  fig.  5.— 
dnnnH  Quart.  Jour.  Sci.,  It,  1875,  p.  50,— Hull  and  Clarke,  Pil. 
VIII,  Pt.  II,  1895,  pi.  54,  ilgs.  13,  U. 
i,  Ohio. 

ndcft  UMcIl  Loiraiue  {OnL}. 

entrica  Ulricb,  J  oar.  Ctncinuati  Soo.  Nat*  HUt.,  II,  1870,  p,  14, 

I 

\f  Ohio. 

t  HiilL  Treotoa  (Ord.). 

t  Hall,  PaL  New  York,  I,  1847,  p.  liO,  pi.  S3,  ftg.  4. 

eta  HaJl  ami  Clftrke,  Pal.  K«w  York,  VIII,  Pt.  II,  IS93,  p.  157, 

int^,  New  fork ;  Ottawii,  Canada. 

(Hall).  Treuton  (Orel.)- 

Hall,  Pal.  New  York,  1, 1847.  p,  141,  pi.  33,  fig.  6. 

H»1I,  Twelfth  Rep.  N.  Y.  S tfit©  Cub.  Nat.  Hist-,  1859.  p.  66. 

na  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  149,  figi. 

54,flg».47.48. 

Watertown,  und  Martinshnrif,  New  York. 

ca  Davidsoii=Catazyga  erratica« 

Hall^^Catazyga  headt 

tieasii  Jame^.  Lorraine  (Ord,). 

esta  rar.  ketittickimiaia  Jamet.  The  Paleontologist,  1878,  p.  7. 
tnckiensia  Ni'ttelroth,   Kentucky  Fossil  Shells,  Mom.   Kentucky 
ey,  1889,  p,  138,  pi.  34,  Ajeth.  21-25.— Hall  and  Clnrke,  Pal.  New 
,  Pt,  II,  1895,  pi.  51,  figM.  11,  15,  16, 
ud  Jetler^ou  eountiea,  Kentucky. 

I  (Billings).  Anticoati  (9il/), 

nica  Billings,  Cat.  Sil.  Foi*3.  Antieostl,  1866,  p.  44. 
cft  Hall  and  Clarke,  Pal.  New  York,  VHI,  Pt.  11,  18&3,  p.  157. 
of  ilie  Antieostl  group,  Anticofltl. 

ima  Hallp  l^iagara  (SiL), 

fnia  Hail,  Defer ip.  n,  ap.  Foss.  Waldron,  Indiann,  1879,  p.  14; — 
iep.  Indiana  State  Geologist,  1882,  p.  306,  pL  27,  fig.  7;— Trana, 
titute,  X,  1883,  p.  70. 
Iridinna. 

&  IlalL  Utica  and  Lorraine  (Ord.)^ 

ft  (Say)  Hall,  Pal.  New  York,  I,  1847,  p.  141,  pi,  15,  fig.  15;— Thir- 
.  N,  Y,  State  Cab.  Nat.  Hist.,  180*),  p.  69. 

:esta  Hall,  Fifteeoth  Hep.  N.  Y.  State  Cab.  Nat,  Hist.,  1862,  p. 
itieth  R^jK  Ibidem,  1807,  p.267,  figs,  1,  2.-"Meek,  Pal.  Ohio,  1, 1873, 
11,  ftg.  4.— Miller,  Gincinimti  Quart.  Jour.  Sei,,  II,  1875,  p.  58. — 
Suppl.  British  SlL  Brachiopoda,  Pah  SoiJ,,  1883,  p,  122 — Winchell 
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Zygospira  modetta  Hall — ContiDued. 

and  Schachert,  Minnesota  Geol.  Survey,  III,  1893,  p.  467,  pi.  34,  figs. 

Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  155,  figs.  146 

54,  figs.  7-10,  12.--Keyes,  Geol.  Survey  Missouri,  V,  1895,  p.  98. 
Rhyncbonellaf  modesta  Billings,  Geol.  Canada,  1863,  p.  211,  fig.  211. 
Loc.  Cincinnati,  Ohio;  Turin,  etc..  New  York;  Lattners,  Iowa;  Spring 

Minnesota;  Wisconsin;  St.  Louis  County, Missouri;  Ottawa, Canad 

Zygospira  nicoletti  Wiucbell  and  Schucliert.  Treuton 

Hallina  nieoletti  VV.  and  S.,  American  Geol.,  IX,  April  1, 1892,  p.  293; — M 

Geol.  Survey,  III,  1893,  p.  474,  pi.  34,  figs.  59-62. 
Zygospira  aquila  Sardeson,  Bull.  Minnesota  Geol.  Survey.  Ill,  April  9, 

335,  pi.  4,  figs.  15-18. 
Zygospira  nicolleti  Beecher  and  Schuchert,  Biol.  Soc.  Washington,  VII] 

1893,  p.  71.  pi.  10,  fig.  23;  pi.  11,  figs.  11,  12. 
Loc,  Minneapolis,  Rochester,  ahd Fountain,  Minnesota;  Decorah,  Iowa; 

Wisconsin ;  Auburn,  Missouri. 

Zygospira  panpera  Billings.  Anticost 

Zygospira  panpera  Billings,  Cat.  Sil.  Fossils  Anticosti,  1866,  p.  46.— I 

Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p.  157. 
Loc,  Division  3  of  Anticosti  group,  Anticosti. 

Zygospira  pntilla  Hall  and  Clarke.  t  Lorraine 

Zygospira  putilla  Hall  and  Clarke,  Pal.  New  York,  VIII,  Pt.  II,  1893,  p 

150,  p.  365,  pi.  54,  figs.  35-37 ;  pi.  83,  figs.  29, 30. 
Loc.  Pike  County,  Missouri. 

Zygospira  reenrvirostrifl  (Hall).  Trenton 

Atrypa  recur virostr is  Hall,  Pal.  New  York,  1, 1847,  p.  140,  pi.  33,  fig.  5. 
Rhynchonolla  recurvlrostris  Billings,  Geol.  Canada,  1863,  p.  168,  fig.  152. 
Anazyga  recurvirostra  Davidson,  Suppl.  British  Sil.  Brachiopoda,  P 

1892,  p.  129. 

Zygospira  recurvirostra  Winchell  and  Schuchert,  Minnesota  Geol.  Snr 

1893,  p.  466,  pi.  34,  figs.  38-41.— Beecher  and  Schuchert,  Biol.  Soc.  Was] 
VIII,  1893,  p.  71,  pi.  10,  figs.  7-21;  pi.  11,  figs.  1-10.— Hall  and  Clarke,  1 
York,  VIII,  Pt.  II,  1895,  pi.  54,  figs.  1-6.— Whiteaves,  Pal.  Foss.,  Ill, 
1897,  p.  180. 

Loc.  New  York;   Kentucky;  Iowa;  Minnesota;  Wisconsin;    Ottawa,  < 
Lake  Winnipeg,  Manitoba.    According  to  Billings  it  occurs  also  in 
raine  group  of  Anticosti. 

Zygospira  saffordi  Winchell  and  Schuchert.  Trenton 

Halliua  saffordi  W.  and  8.,  American  Geol.,  IX,  1892,  p.  292;— Miuneso 

Survey,  III,  1893,  p.  473,  pi.  34,  figs.  55-58.— Hall  and  Clarke,  Pal.  Ne 

VIII,  Pt.  II,  1895,  pi.  83,  figs.  36-38. 
Zygospira  safi'ordi  Beecher  and  Schuchert,  Biol.  Soc.  Washington,  A^III, 

71,  pi.  10,  fig.  22;  pi.  11,  figs.  13, 13a.— Hall  and  Clarke,  Pal.  New  Yoi 

Pt.  II,  1893,  p.  151,  figs  139-141. 
Loc.  Lebanon,  Tennessee ;  Highhridge,  Kentucky. 

Zygospira  (?)  sabconcava  Meek  and  Worthen.    Lower  Helderberg: 
Zygospira  subconcava  Meek  and  Worthen,  Geol.  Survey  Illinois,  III,  186: 

pl.  7.  fig.  1. 
Loc,  Perry  County,  Missouri. 

Zygospira  uphaini  W.  and  S.=Catazyga  uphami. 
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LETTER  OF  TRANSMITTAL. 


United  States  Geological  Subvey, 

Baltimore^  Md.^  March  i,  1897. 
Sib  :  I  have  the  honor  to  submit  herewith  the  manuscript  of  a  report 
upon  the  Cretaceous  Foraminifera  of  New  Jersey,  which  has  been  pre- 
pared by  Dr.  E.  M.  Bagg  as  a  member  of  my  division,  and  I  would 
suggest  that  it  be  published  as  a  bulletin  of  the  Survey. 
Very  respectfully, 

Wm.  Bullock  Olabk, 

Geologist. 
Hon.  Chables  D.  Walcott, 

Director  United  States  Geological  Survey. 
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PREFACE. 


The  Foraminifera  described  in  this  bnlletin  were  collected  by  the 
author  from  the  Oreensand  series  of  the  Upper  Cretaceous  of  New 
Jersey,  and  include  representatives  from  the  Matawau,  Monmouth,  Ran- 
cocas,  and  Manasquan  formations.  They  were  determined,  described, 
and  presented  as  a  thesis  at  the  Johns  Hopkins  University  for  the 
degree  of  doctor  of  philosophy  in  the  year  1895,  and  the  types  are 
deposited  in  the  geological  museum  of  that  university,  at  Baltimore, 
Maryland.  Some  additional  results  of  later  study  have  yielded  a 
number  of  interesting  forms  which  are  here  described  for  the  first 
time. 

The  author  wishes  to  express  his  gratitude  to  Prof.  W.  B.  Clark,  who 
has  kindly  assisted  in  the  work,  and  under  whose  direction  the  investi- 
gation has  been  carried  on. 

Acknowledgments  are  due  the  following  persons  who  have  furnished 
material  for  comparative  study:  Dr.  G.  Brown  Goode,  of  Washington; 
Prof.  Charles  W.  Johnson,  of  the  Wagner  Free  Institute  of  Science, 
Philadelphia;  Mr.  T.  W.  Stanton  and  Dr.  W.  H.  Dall,  of  Washington; 
Prof.'Alonzo  Linn,  of  Washington  and  Jefferson  College,  Pennsylvania; 
and  Mr.  Lewis  Woolman,  of  Phil^elphia. 

The  writer  is  also  under  great  obligation  to  Mr.  Frederick  Chapman 
and  Charles  D.  Sherbom,  of  London,  England,  for  their  kind  assistance 
in  determining  doubtful  forms,  and  for  their  approval  of  the  new  species 
herein  described. 
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THE  CRETACEOUS  FORAMINIFERA  OF  NEW  JERSEY, 


By  E.  M.  Bjlgg,  Jr. 


INTRODUCTION. 


The  fossil  Foraminifera  of  America  have  never  received  iimcli  atten- 
tion,  altbougb  some  of  the  most  distingnished  European  paleoiitolo- 
gists  have  been  at  work  upon  this  group  for  many  years,  and  have 
published  numerous  monographs  and  special  reports  iipoti  it.  Within 
the  last  few  years,  however,  several  short  papers  have  appeared  upon 
the  Cretaceous  Foraminifera  of  Canada,  Minnesota,  New  Jersey,  and 
Alabama. 

The  first  report  upon  the  Cretaceous  Foraminifera  of  Canada  was 
published  by  Dr.  G.  M.  Dawson,*  in  the  Canadian  Naturalist  ihv  1874, 
Four  species  of  Foraminifera  are  described  and  figured  in  this  leport, 
namely :  Discorhina glohulariSj Planorhulina ariminensia,  Textular'm  glolh 
ulosaj  and  Texttilaria  pygmcea.  These  forms  were  discovered  in  the 
Cretaceous  rocks  of  Pembina,  Manitoba,  which  bear  some  resemblance 
to  the  "chalk"  of  Nebraska. 

J.  B.  TyrrelP  has  recognized  in  the  Niobrara  limestone  of  Manitoba 
some  25  different  species  of  Foraminifera,  a  tabulated  list  of  wliicli 
appeared  in  the  Transactions  of  the  Royal  Society  of  <  ■anada  and  in 
the  Annual  Report  of  the  Geological  Survey  of  Canada  '  for  ISHO  and 
1891. 

Sixteen  species  of  Foraminifera  from  the  Cretaceous  bowlder  t-lays 
of  central  Minnesota  were  described  and  figured  by  W(jodward  aud 
Thomas^  in  1885..  This  report  was  reprinted,  with  additions  of  fossils 
from  Nebraska  and  Illinois,  in  the  Final  Report  of  the  Ideological  Sur 
vey  of  Minnesota.^ 

'Note  on  tho  occarrenco  of  Foraminifera,  coccollthi},  and  rhabdolitbs  in  tli^  C^i%tjir'e><itiii  mc'lH  af 
Manitoba:  Canadian  Naturalist,  new  series,  Vol.  VII,  1874,  pp.  252-257. 

*Poraniinifera  and  Radiolaria  from  the  Cretaceons  of  Manitoba:  Trans.  Roy n I  Hoc,  Crnimi^.  V«l. 
Vni,  1890,  sec.  4,  pp.  111-115. 

•Gcol-  Snrv.  Canada,  Rept.  1890-91,  Vol.  V,  pt.  1,  p.  211. 

^On  tbe  Foraminifera  of  tbe  bowlder  clay  taken  from  a  well  abaft  22  feet  deep,  Me«k<^r  County „  «'cn- 
tral  Minnesota:  Geol.  Nat.  Hist.  Snrv.  Minnesota,  Tbirteentb  Ann.  Rept.,  for  1 1^,  ]»p.  101-177.  PU. 
I-III. 

•Final  Rept.  Geol.  Nat.  Hist  Snrv.  Minnesota,  Vol.  lU,  1893,  pp.  23-54.  Pis.  C-i:. 
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The  Journal  of  the  !N"ew  York  Microscopical  Society  for  April,  1890/ 
contains  a  short  article  on  the  Cretaceous  Foraminifera  of  !New  Jersey, 
by  Dr.  Anthony  Woodward,  This  paper  is  entitled  Synopsis  of  the 
Cretaceous  Foraminifera  of  "New  Jersey,  and  contains  only  a  review 
of  previous  investigations.  A  second  part,  however,  appeared  in  the 
same  journal  for  1894,^  in  which  Dr.  Woodward  describes  58  different 
species  of  Foraminifera  from  the  !N"ew  Jersey  marl  beds. 

Still  more  recently  a  tabulated  list  of  the  Cretaceous  and  Tertiary 
Foraminifera  of  Alabama  has  been  published  in  a  special  rei)ort  of  the 
(Geological  Survey  of  Alabama.^ 

The  present  memoir  is  a  more  thorough  account  than  has  previously 
been  given  of  the  Cretaceous  Foraminifera  from  the  marl  beds  of  Few 
Jersey.  It  was  presented  as  a  thesis  at  the  Johns  Hopkins  University 
in  May,  1895,  but  has  been  somewhat  revised  and  enlarged,  and  con- 
tains descriptions  of  a  number  of  species  from  the  upper  beds  of  the 
Matawan  formation,  which  are  here  given  for  the  first  time.  The  latter 
were  collected  by  the  author  during  the  last  summer,  while  he  was 
engaged  in  geological  mapping  in  southern  New  Jersey.  The  speci- 
mens were  obtained  at  Marshalltown,  Salem  County,  New  Jersey,  in  a 
very  fossiliferons  bed  of  sandy  marl,  which  has  been  dug  as  a  fertilizer. 

A  large  amount  of  material  has  been  collected  and  examined  in  the 
preparation  of  this  report,  from  the  following  localities: 

Monmouth  formation  (Navesink  division,  or  lower  marl  bed):  Atlan- 
tic Highlands,  Freehold,  and  Cream  liidge. 

Rancocas  formation  (middle  marl  bed) :  Blue  Ball,  New  Egypt,  Vin- 
centown,  Swedesboro,  Timber  Creek,  and  Harrison ville;  also  from  a 
well  boring  at  Quinton. 

Manasqtian  formation  (upper  marl  bed,  lower  part):  Vincentown. 

It  was  hoped  that  a  careful  study  of  the  Foraminifera  found  in  these 
various  marl  beds  might  not  only  result  in  the  addition  of  many  new 
species  to  our  American  Cretaceous,  but  might  also  serve  as  a  means  of 
identification  of  these  strata.  Such  has  been  found  to  be  the  case, 
although  the  fact  that  certain  species  are  present  in  several  or  all  the 
beds  has  been  established,  while  many  of  them  have  continued  through 
deposits  of  later  age  and  are  found  in  existing  oceans.^ 

The  writer  believes  that  the  localities  from  which  the  fossils  were  col- 
lected for  study  are  as  typical  as  any  which  might  h^ve  been  chosen, 
although  further  investigation  in  many  new  localities  can  hardly  fail  to 
yield  additional  results. 

The  excellent  state  of  preservation  and  the  large  size  of  many  of  the 
species  are  most  striking  and  bear  witness  to  the  favorable  conditions 
for  their  existence  in  the  late  Cretaceous  sea. 

» CretaceouN  Foraminifera  of  New  Jersey,  Part  I :  Jour.  N.  Y.  Micros.  Soc.,  Vol.  VI,  No.  2,  April,  1890, 
pp.  45-56. 
«Ibld.,  Part  2,  Vol.  X,  No.  4,  Oct.,  1894,  pp.  91-141. 

■Oeol.  Sarv.  Alabama,  Kept.  Geology  Coastal  Plain,  1894,  pp.  93, 249, 285, 286, 288. 289. 
^For  geological  diHtribution  of  those  forms  see  tabular  review,  pp.  G9-71. 
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Specimens  of  three  types  have  been  analyzed,  two  of  calcareous  and 
one  of  arenaceous  character,  in  order  to  determine  the  amount  of  silica 
which  is  present.  The  analyses  were  made  by  Mr.  W.  F.  Hillebrand, 
and  the  results  are  as  follows: 

No.  1.  Vemeuilina  triquetra  (von  Milnster). 

Per  cent. 

Silica 38.3 

Additional  iDSolublo  matter 3.07 

Total  insoluble  matter 41.37 

This  is  an  arenaceous-siliceous  type,  and  the  large  amount  of  silica 
present  is  in  the  form  of  polished  sand  grains,  with  scattered  grains  of 
glauconite,  which  have  been  firmly  cemented  together. 

No.  2.  Flabellina  sagittaria  (Lea). 

Per  cent. 

SilicH 1.2 

Additional  insoluble  matter 0.56 

Total  insoluble  matter 1.75 

The  base  of  the  additional  insoluble  matter  consisted  of  alumina  and 
magnesia,  together  with  a  trace  of  iron  and  probably  alkalies. 
No.  3.  Nodosaria  consobrina^  var.  emaciata  (Reuss). 

Per  cent. 
SUioa : 1.8 

It  is  an  interesting  fact  bearing  on  the  origin  of  greensand  that  the 
writer  has  frequently  found  shells  of  Foraminifera  filled  with  glauconite. 
This  has  been  espeiaally  noticeable  in  Polymorphina  communisj  which 
in  some  cases,  where  the  shell  is  broken  away,  shows  the  interior  filled 
with  light-green  glauconite  still  bearing  upon  its  outer  surface  the 
smooth  impress  of  the  shell. 

Many  CristellarisB  are  partially  filled  with  a  light-brown  clay  sug- 
gesting the  early  stage  in  the  formation  of  the  glauconite  grain.  Upon 
a  few  grains  of  glauconite  I  have  found  clinging  to  the  central  portion 
remnants  of  the  original  shell,  while  the  glauconite  still  shows  an  inter- 
nal cast  of  the  shell. 

It  is  perhaps  rather  remarkable  that  among  so  many  grains  of  glau- 
tM>nite  so  few  i)erfect  casts  of  Foramiuifera  are  found  and  so  small  a 
namber  of  intermediate  stages,  but  it  must  be  remembered  that  the 
shell  wall  of  the  forms  is  always  thin  and  easily  destroyed  through 
solution  in  the  percolating  waters  in  such  porous  beds.  Even  among 
the  Lamellibranchiata  and  Gasteropoda  casts  of  the  shells  are  much 
more  abundant  than  well-preserved  shells,  except  the  heavier,  ponderous 
Bbells  of  Exogyra  costata  and  Oryphwa  vesicularis.  From  the  size  of 
the  glauconite  grains  and  the  peculiarity  of  their  shape  it  is  probable 
that  the  glauconite  has  grown  by  accretion  around  an  original  nucleus, 
so  that  the  outline  of  the  delicate  shells  is  only  exceptionally  preserved. 

Transverse  sections  of  the  glauconite  grains  show  a  difference  in 
42oloT  and  texture  between  the  internal  and  external  parts,  the  inner 
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portion  being  of  a  light  olive-green  and  softer  than  the  dark-green 
irregular  border. 

Several  analyses  of  New  Jersey  glaucouite  have  been  made  from  care- 
fully selected  grains;  one  made  by  T.  S terry  Hunt  is  as  follows:^ 

Analysis  of  selected  grains  of  New  Jersey  glauconiie. 


SiO.2 50.70 

FeO 22.50 

MgO 2.16 

CaO 1.11 

AlaOs 8.03 


K2O  5.80 

NaaO 0.75 

H2O  8.95 


100.00 


It  is  not  the  object  of  this  paper  to  enter  into  any  discussion  of  the 
much-disputed  problem  of  the  origin  of  greensand.  This  subject  has 
been  discussed  by  numerous  writers,  especially  of  late  by  Murray  and 
iienard^  in  their  report  upon  the  deep-sea  deposits  obtained  by  the 
Challenger  Expedition.  A  statement  of  the  results  brought  out  by 
this  investigation,  with  a  short  review  of  former  theories,  has  been 
published  by  Prof.  W.  B,  Clark  ^  in  his  discussion  of  the  origin  of  the 
greensand  of  New  Jersey.  That  both  organic  and  inorganic  materials 
must  be  present  for  the  formation  of  greensand  has  been  established, 
but  just  what  proportion  of  each  is  necessary  is  not  so  readily  deter- 
mined. The  inorganic  material  occurring  in  the  New  Jersey  marl  beds 
is  chiefly  quartz  and  mica,  and  is  supposed  to  have  been  derived  from 
the  crystalline  rocks  of  Pennsylvania  and  northern  New  Jersey. 

The  greensands  differ  in  the  size  of  the  sand  grains,  in  the  amount  of 
rounding,  and  in  the  proportion  of  sand  to  glaucouite.  In  the  Manas- 
quan  formation  (lower  part  of  upper  marl  bed)  there  is  proportionately 
more  glaucouite  than  in  any  of  the  other  beds,  while  the  quartz  grains 
are  more  rounded  than  in  the  lower  beds  of  the  Monmouth  formation, 
though  perhaps  less  so  in  the  upper  or  Eedbank  series.  So  large  an 
amount  of  quartz  sand  is  present  in  this  latter  bed  that  glauconite  holds 
only  a  secondary  place.  For  this  reason  no  Foraminifera  are  known 
from  the  Eedbauk  sands,  although  it  is  probable  that  the  upper  and 
lower  portions  of  the  bed  will  ftirnish  some  when  more  thoroughly 
examined. 

The  Navesink  marls  contain  more  Foraminifera  than  the  Manasquan 
beds,  and  in  a  somewhat  better  state  of  preservation,  but  it  is  in  the 
limestone  layer  of  the  Bancocas  formation  (middle  marl  bed)  that  the 
greatest  abundance  of  forms  is  found.  This  deposit,  frequently  consoli- 
dated, is  made  up  of  great  quantities  of  bryozoan  shells  and  vast  num- 
bers of  perfectly  preserved  Foraminifera.  Seventy-nine  species  have 
been  determined  from  this  horizon  alone.  Four  bpecies  are  present  in 
all  four  marl  beds,  namely:  Nodosaria  obliqua  (Linn6),  Nodosaria.  poly- 
gona  Beuss,  Nodosaria  zippei  Beuss,  and  Trunoatulina  lobatula  (Walker 
and  Jacob). 

>  Mineral  Physiology  and  Physiography,  1886,  p.  108. 
*Beport8  OkaUenger  Expedition;  Deep-sea  deposits,  1892. 

*A  preliminary  report  on  the  Cretaceous  and  Tertiary  formations  of  New  Jersej^Beport  vf  the 
State  Geologist  of  New  Jersey  for  1892,  pp.  167-246.  Digitized  by  VjOOQ  IC 
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HISTORICAL  SUMMARY. 

The  value  of  the  ^eensand  marls  for  fertilizing  purpoges  lj;ia  heeii 
known  in  New  Jersey  for  more  than  a  century.  In  1768  a  laborer,  while 
digging  a  ditch  in  a  meadow  near  Marlboro,  threw  out  ii  ^ubgtance 
which  was  pronounced  to  be  marl.  Some  of  this  marl  was  .spread  upon 
the  land  with  good  results,  but  no  particular  attention  seem^  t<>  have 
been  paid  to  the  discovery  until  the  year  1811,  when  its  value  began  to 
be  appreciated. 

The  discovery  of  fossils  in  the  marl  beds  was  made  soon  after,  aud 
in  1820  some  of  these  fossils  were  described  by  Say,'  and  others  by 
Morton^  in  1829. 

The  first  mention  of  Foraminifera  was  made  by  Isajui  Lea^  in  1833, 
in  his  Contributions  to  Geology,  when  he  described  FUthelUmt  mgH- 
taria  as  Palmula  sagittaria  from  the  Cretaceous  deposit  of  Timber 
Creek,  New  Jersey,  in  which  he  considered  the  form  a  new  gemis  of 
the  family  Spherulacea of  Blainville.  The  genus  Palmnia  Mr.  Leaci>ii- 
sidered  as  intermediate  between  the  genus  Saracenaria  of  Defrunce 
and  the  genus  Textularia  of  the  same  author.  This  same,  species  was 
described  by  Dr.  S.  G.  Morton^  in  1842  as  Planularia  cunmta. 

In  the  American  Journal  of  Science  for  1841*  Prof,  J.  W,  Bailey 
gives  a  brief  note  on  the  discovery  of  fossil  Foraminifera  in  New  Jcrmty, 
and  states  that  "a  large  i)ortion  of  the  calcareous  rotk  dcj(iued  by 
-  Prof.  H.  D.  Rogers*^  as  the  third  formation  of  the  upper  stHnjudary  is 
made  up  of  great  quantities  of  microscopic  shells  belongintf  to  the 
Foraminifera." 

Sir  Charles  Lyell,'  on  his  visit  to  America  in  the  year  1841,  noticed 
the  occurrence  of  Foraminifera  in  the  Cretaceous  marl  beds  of  New 
Jersey,  and  mentioned  three  very  common  types,  Cristidlaria,  KotaHa 
(Rotalina),  and  Nodosaria. 

In  his  Origin  of  Greensand,  and  its  Formation  in  tlje  Oceans  of 
the  Present  Epoch,®  Prof.  J.  W.  Bailey  refers  to  the  depofc^itw  at  Mullica 
Hill  and  Mount  Holly,  New  Jersey,  as  being  very  ricli  in  greensand 
casts  of  Polythalamia. 

Mr.  W. M.  Gabb,  in  Descriptions  of  New  Species  of  Ameriian  Ter- 
tiary and  Cretaceous  Fossils,*  describes  one  of  the  Nodosaria*  from 
Mullica  Hill  as  a  new  species  under  the  name  Dentalina  pulchra^  but 
which  is  known  to  be  Nodosaria  zippei  Beuss. 

The  first  report  of  any  importance  upon  the  determination  of  these 


1  Am.  Jour.  Sci.,  Ist  aeries,  Vol.  II,  1820,  pp.  34-45. 
'  Jour.  Acad.  Nat  Sci.  Philadelphia,  Vol.  VI,  1829,  pp.  120-129.  ' 

»  Contributions  to  Geology,  1833,  pp.  219-220,  PI.  VI,  fig.  228.  | 

«  Jour.  Acad.  Nat  Sci.  Philadelphia,  Vol.  VIII,  1842,  pp.  214-215,  PL  XI,  fig.  5. 

•  Am.  Jour.  Sci.,  1st  aeries,  VoL  XLI,  1841,  pp.  2ia-214. 

•  Beport  of  the  Geol.  Surv.  of  the  State  of  Now  Jersey,  1836,  pp.  10-13. 
'  Qaart.  Jour.  Geol.  Soc.  London,  Vol.  1, 1845,  pp.  56, 57,  and  64.    See,  also,  Travels  iu  Kurt  li  Aiii(>T-i«;A, 

J,  1845,  p.  64. 

»  Proc.  Boston  Soc.  Nat  Hist,  VoL  V,  1856,  pp.  365, 366. 

•Jour.  Acad.  Nat.  ScL  Philadelplda,  new  series,  Vol,  IV,  1860,  pp.  375-406,  PL  LXIX. 
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microscopic  organisms  was  published  in  1861  by  Prof.  A.  E.  Eeuss,^  one 
of  the  most  distinguished  of  European  paleontologists.  In  this  article, 
entitled  Die  Foraminiferen  der  senonischen  Griiudsandes  von  New 
Jersey,  Professor  Eeuss  described  some  28  different  species  of  Foram- 
inifera,  but  mentioned  neither  the  horizon  nor  the  localities  from 
wbich  they  were  obtained.  While  a  few  of  these  forms  were  figured  in 
this  report,  the  majority  are  given  in  other  works. 

Hermann  von  Credner^  in  1870  published  an  article  entitled  Die 

Kreide  von  New  Jersey,  which  contained  a  general  review  of  the 

Cretaceous  of  New  Jersey.    In  this  rei)ort  two  Foraminifera  from  the 

.  Bryozoa  bed  at  Brownville,  Flabellina  cordata  Beuss  and  Nodosaria 

sulcata  Nilsson,  are  described. 

Subsequent  to  Professor  Credner's  report  in  1870  no  work  was  done 
upon  the  Foraminifera  of  New  Jersey  until  the  year  1894,  when  Dr. 
Woodward  ^  published  the  second  part  of  his  Cretaceous  Foraminifera 
of  New  Jersey.  In  this  report  some  58  species  of  Foraminifera  from 
Timber  Creek,  MuUica  Hill,  New  Egypt,  and  Bruere's  pits,  on  Cross- 
wicks  Creek,  are  described  but  not  figured. 

The  material  investigated  at  the  geological  laboratory  of  the  Johns 
Hopkins  University  has  furnished  nearly  twice  as  many  species  as  pre- 
viously reported,  and  six  of  these  are  considered  to  be  new.  A  prelim- 
inary report  of  this  investigation,  containing  a  description  of  the  new 
forms  and  a  tabulated  list  of  other  species  identified,  was  published 
by  the  author*  in  1895. 

The  Foraminifera  described  in  this  bulletin  are  deiK)sited  in  the  geo- 
logical museum  at  the  Jobns  Hopkins  University,  Baltimore,  Maryland. 

CliASSIFICATION  OF  STRATA. 

The  classification  of  the  marl  beds  adopted  in  this  report  is  one 
employed  by  Prof.  W.  B.  Clark  in  his  report,  lately  published,  upon 
the  Upper  Cretaceous  formations  of  New  Jersey,  Delaware,  and  Mary- 
laud,'  viz : 


Age.  Formation, 

EocENK Shark  Eiver ^... 

.Mauasqaan 


UpPER 
Crbtaceoi  8. 


Kancocas . . . 


rVinoentown  lime  sands 

1  SeweU  marls 

Redbank  sands 


lUpper  marl  bed. 
[Middle  marl  bed. 


Monmoath  ..   Navesink  marls VRed  sand  and  lower  marl  b©d. 

Mount  Laarcil  sands  . . . ) 

fHazlet  sands ...<w 

^^^^^^-  — ICrosswicks  clays jciay  marls. 

1  Siiz.  Akad.  WIm.  Wien,  VoL  XLI V,  pt  i,  1861,  pp.  334-342,  pl»tM. 
>  Zeitsch.  d.  B.  geol.  Gesell.,  1870,  Vol.  XXII,  pp.  191-251. 
«  Jour.  N.  T.  Micros.  Soc.,  VoL  X,  No.  4,  Oct..  18M,  pp.  91-141. 
« Johns  Hopkins  Univ.  Circulars,  No.  121,  Oct..  1895. 
•BaU.  Geol.  Soc.  America,  vol.  8,  pp.  315-358,  pis.  40-50. 
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BIBLIOGRAPHY, 

Within  the  last  ten  years  several  bibliographies  of  the  Foraminifera 
have  appeared,  which  have  been  of  invaluable  assistance  in  the  prepa- 
ration of  this  report.  The  best  bibliography  which  has  yet  been  pub- 
lished is  that  of  Prof.  Charles  D.  Sherbom,  entitled  A  Bibliography 
of  the  Foraminifera,  Kecent  and  Fossil,  from  1565  to  1888.  (London, 
1888.)  This  excellent  catalogne  is  based  npon  the  bibliography  given 
by  Prof.  H.  B.  Brady  in  the  ChaUenger  report,  but  has  been  greatly 
enlarged  and  revised. 

Another  bibliography,  less  exhaustive,  compiled  by  Dr.  Anthony 
Woodward,  was  published  in  the  Fourteenth  Annual  EeiK>rt  of  the 
Geological  and  Natural  History  Survey  of  Minnesota  for  the  year  1885. 

There  has  lately  l)een  published  in  the  Smithsonian  Miscellaneous 
Collections  An  Index  to  the  Genera  and  Species  of  the  Foraminifera, 
by  Charles  D.  Sherbom.  This  exhaustive  work,  invaluable  to  all  stu- 
dents of  Foraminifera,  is  in  two  parts,  and  forms  a  portion  of  Volume 
XXXYIIof  the  Smithsonian  reports.  The  first  part  was  published  in 
November,  18()3,  and  included  all  names  from  A  to  N,  while  the  second 
portion,  published  in  1896,  completes  the  alphabetic  list  of  forms  from 
N  to  Z.  The  most  distinguished  specialists  in  the  Foraminifera  have 
been  consulted  by  Professor  Sherborn  in  the  preparation  of  this  labori- 
oas  work,  and  too  much  praise  can  not  be  given  the  author  for  the  com- 
pleteness and  accuracy  of  its  contents. 

The  following  is  a  list  of  works  consulted  in  the  preparation  of  this 
report.  No  attempt  is  made  to  give  a  complete  bibliography;  only 
those  publications  which  have  been  most  useful  are  included: 

Agassiz,  Alexander.  On  the  Explorations  in  the  Vicinity  of  the  Tor- 
tugas  during  March  and  April,  1881  (Pelagic  Fauna  of  the  Gulf 
Stream). 

Bull.  Mns.  Comp.  Zool.,  Harvard,  Vol.  IX,  1881,  pp.  145-149. 

A  Contribution  to  American  Thalassography. 
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ZiTTEL,  Karl  A.  von.    Handbach  der  Palajontologie,  187(i-lS80,  Band 
I,  Abth.  1,  pp.  61-114;  pp.  723-732. 

I)E8CRIPnVT:  TERMS. 

The  following  descriptive  terms,  adopted  in  this  memoir,  are  taken, 
with  some  modification,  from  the  report  on  the  Recent  Fi>rtimLiiitViu  of 
Great  Britain,  by  Prof.  W.  C.  Williamson.'  The  figures  i^inployed  have 
been  copied,  but  the  lettering  has  been  changed. 

The  length  is  measured  in  the  direction  or  axis  of  growth^  as  imli^ 
cated  by  the  line  A  B  in  fig.  1  of  PI.  I,  and  the  breadth  by  a  line  at 
right  angles  to  the  former  one,  G  D  in  the  same  figure. 

The  above  terms  are  applicable  for  evolute  and  convolute  typi^a,  but 
in  certain  forms,  either  monothalamous  and  rounded  or  wIk'ii  the 
growth  of  chambers  is  around  a  central  aperture,  it  is  more  convenient 
to  use  the  term  diameter. 

The  separate  divisions  of  a  shell  or  test  are  spoken  of  as  seffmmtH^ 
designated  in  ^g.  1  of  PI.  I  as  P,  I,  and  U,  of  which  P  is  the  primordial 
and  U  the  ultimate  segment,  while  I,  holding  an  intermediate  ponition, 
is  known  as  an  intermediate  segment.  That  part  of  tlif*  external  siir 
face  nearest  the  end  of  the  ultimate  segment  is  called  tlie  anterior 
margin  (fig.  1,  a),  while  the  opposite  end  is  referred  to  as  the  ponierior 
margin  (fig.  1,  p).  These  terms  have  a  direct  reference  to  the  direction 
of  growth. 

The  various  segments  are  separated  from  one  another  l>y  partitions 
called  septa^  and  these  are  usually  indicated  externally  l)y  more  or  less 
definite  constrictions  known  as  septal  lines  (fig.  1,  s).  In  old  age  tlieif^ 
constrictions  often  become  filled  up  and  appear  as  ridi^es  ins^tead  of 
depressions.  The  septal  plane  is  the  superficial  area  of  eacli  septum 
and  corresponds  in  dimensions  with  the  entire  breadth  of  thv  i^oustrii^ted 
portion  of  the  shell  (fig.  1,  sp). 

Each  septum  is  provided  with  one  or  more  openings  kiunvii  as  mptal 
apertures^  which  serve  as  a  means  of  communication  between  contigih 
ous  segments.  The  perforation  of  the  anterior  end  of  the  ultimate 
segnient  is  spoken  of  as  the  oral  aperture  (fig.  1,  o  a). 

The  different  views  of  the  shell  are  referred  to  as  the  anterior ^  lateral, 
and  peripherO'lateral  aspects.  The  anterior  aspect  is  peeji  by  looking 
down  upon  the  septal  plane  of  the  ultimate  segment;  the  lateral  as]iect 
sliows  the  shell  from  one  side,  as  in  fig.  1;  while  the  peri phero  lateral 
aspect  is  seen  in  depressed  forms  where  the  shell  is  vimved  from  its 
thin  edge, as  in  fig. 3  of  PI.  II.  When  the  segments  art'  ;u laiiir^d  in  a 
complete  circuit  around  the  primordial  cell  they  constittiLe  ii  eonrolu- 
tia9t.  Each  convolution  joins  a  contiguous  one  by  a  spiral  line  t-alled 
tbe  spiral  suture  (PI.  I,  fig.  2,  m).  In  the  simplest  case  these  c-oii  volutions 
are  arranged  in  a  single  plane,  but  in  more  complex  types  each  couvo 


1  On  the  Becent  Foraminifera  of  Great  Britain,  Kay  Society,  London,  1>C^,  p|k.  H-ls. 
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lution  is  formed  iu  a  different  ]>1ai)e,  and  a  trochoid  type  of  shell  results, 
as  in  Discorbiua  (fig.  4).  The  word  '^rotaliforni  ^  is  used  to  express  a 
form  in  which  all  of  the  segments  are  visible  upon  the  superior  surface, 
but  only  those  of  the  last  convolution  are  visible  upon  the  inferior 
surface. 

Each  side  of  the  shell  in  convolute  types  presents  a  lateral  surface 
(fig.  3,  L  L).  The  sides  of  the  shell  at  right  angles  to  these  lateral  sur- 
faces constitute  the  peripheral  margin  (fig.  3,  x  x).  The  margin  is  very 
varied  in  shax>e,  and  the  angle  formed  by  its  outline  is  called  the  periph- 
eral angle. 

The  depression  formed  in  the  center  of  the  shell  is  cal  ed  the  umbili- 
cus. Sometimes,  instead  of  being  depresse<l  the  early  chambers  are 
raised  or  elevated  into  a  sort  of  boss  by  deposit  of  exogenous  material, 
but  the  area  is  always  referred  to  as  the  umbilical  area,  whether  raised 
or  depressed. 

The  terms  superior  and  inferior  lateral  surface  are  constantly  referred 
to  and  should  be  clearly  understood.  When  a  form  continues  its  con- 
volutions iu  a  single  plane  both  sides  remain  similar  and  there  is  no 
distinction  between  the  upper  and  lower  lateral  surfaces,  but  when  the 
coils  are  arranged  spirally,  as  in  trochoid  types,  there  is  a  difference 
between  the  surfaces  and  it  becomes  necessary  to  indicate  by  the  terms 
"superior''  and  'inferior"  the  surface  referred  to. 

The  term  superior  lateral  surface  (fig.  4,  S  L  S)  is  the  one  in  which 
the  primordial  segment  is  situated,  while  the  opposite  side,  in  which 
the  form  is  extending  its  growth,  is  the  inferior  lateral  surface  (tig.  4, 
I  L  S).  There  are  some  exceptions  to  this  rule,  as,  for.example,  in  cer- 
tain Truncatnlina  types,  which  are  approximately  flat  upon  the  side 
that  bears  the  primordial  segment,  as  if  the  shell  were  cut  in  halves^ 
the  line  of  division  passing  through  the  center  of  the  primordial  seg:- 
ment.  In  such  cases  the  lower  (flat)  surface  becomes  the  superior 
lateral  side. 

The  term  distal  end  refers  to  the  portion  of  the  shell  which  curries  the 
oral  ax>erture  and  is  usually  farthest  removed  from  the  primordial  seg- 
ment. The  portion  of  the  shell  in  which  the  primordial  segment  is 
situated  is  called  the  proximal  end. 

It  is  often  necessary  to  speak  of  a  given  type  of  shell,  and  tlierefore 
the  following  terms  are  employed  in  this  report: 

1.  Nodosarian  (PI.  I,  fig.  1).  Chambers  typically  arranged  iii  a 
straight  row. 

2.  Nautiloid  (PI.  I,  figs.  2  and  3).  Chambers  wound  in  a  horizontal 
manner,  forming  an  equilateral  spire. 

3.  Trochoid  (PI.  I,  fig.  4).  Chambers  wound  around  one  side  of  the 
primordial  segment  in  an  inequilateral  spire. 

4.  Textularian  (PI.  I,  fig,  5).  Chambers  arranged  alternately  in  uii 
elongated  series  (biserial). 

5.  Milioline  (PI.  I,  fig.  6).  Chambers  wound  spirally  about  an 
imaginary  axis. 
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DESCKIPTIOI^  OP  GENERA  AND    SPECIES. 

Snbkingdom    PROTOZOA. 
Class  ESUZOPODA. 

Order  FORAMINIFERA.  " 

Family  LITUOLIDyE. 
Subfciraily  LITTJOLIN'.aC. 

Genus  HAPLOPHRAGMIUM  Reuss. 

HAPLOPHRAGMIUM   CONGA VUM  Bagg. 
Plate  II,  fij^s.  la,  ll». 

Test  arenaceo-siliceous,  rough,  of  a  dull-gray  color;  consisting:  of 
eight  or  nine  chambers,  wliich  are  concave  upon  their  inner  margin, 
giving  the  form  an  approximately  triangular  outline  in  transvevs*"  sec- 
tioii;  chambers  variable  in  size;  ultimate  chamber  largest  and  very 
slightly  elevated  in  the  central  portion ;  septal  lines  straight,  niarked 
by  definite  deep  constrictions;  aperture  a  large  elongated  oval  open- 
ing, situated  toward  the  outside  edge  of  the  ultimate  chamber  and 
nearer  the  convex  side. 

Length,  1  mm.;  breadth,  0.43  mm. 

Locality. — Kaneocas  forniation.  Blue  Ball,  New  Jersey. 

Geological  distribution, — Cretaceous. 

HAPLOPHRAGMIUM  IRREGULARS   (Rocmcr). 

Spirolina  irregularis  Roemcr,  1840-41;  Verst-ein.  norcldoiitscli.  Kreidc,  p.  98,  1*1.  X\\ 

fig.  29. 
Haplophragmium  irregular eUexiBB J  ISGO'j  Sitz.  Akad.  W^ias.  Wien.,  Vol.  XL,  p,  2lli,  PI. 

X,fig.9;  Pl.XI,iig.l. 

Test  arenaceous,  rough,  flask-shaped;  chambers  unequal  and  irre;:ii- 
lar,  at  first  involute,  then  evolute  and  arranged  in  an  elongated  st*ii<'fl, 
closely  set,  numerous  (about  fifteen),  narrow,  separated  by  fttnii-ijht 
depressed  septa;  aperture  divided. 

Length,  2.6  mm.;  breadth,  O.G-0.9  mm. 

Locality. — Rancocas  formation,  Vincentown,  New  Jersey.     Rare, 

Geological  distribution, — Cretaceous.  Jl 


Snl>fkmily   TROCHAMilVLIlSnT^vK;. 

Genus  TROCHAMMINA  Parker  and  Jones. 
Troghammina  inflata  (Montagu). 

KauUlus  inflatm  Montagu,  1808;  Test.  Brit.  Suppl.,  p.  81,  PI.  XVIII,  fig.  3. 
TVochammina  inflaia  Brady,  1884  j  Chal.  Rept.,  Vol.  IX,  p.  338,  PI.  XLI,  fig.  4,  ii-iv 

/'Test  free;  trochoid  or  convex,  depressed,  rotaliform;  consisting  of 
about  three  convolutions,  the  outermost  of  which  is  formed  of  five  or  six 
very  ventricose  segments  with  deeply  excavated  septal  lines.    Inferior, 
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face  somewhat  concave,  with  sunken  umbilicus;  peripheral  margin  lob- 
ulated.  Aperture  small,  arched;  situated  on  the  infenor  side  of  the 
final  segment,  close  to  the  previous  convolution,  a  little  within  the 
periphery.  Color  pale  brown,  the  small  primary  segments  much  darker 
than  the  rest."    (Brady,  loc.  cit.) 

The  above  description  agrees  closely  with  the  New  Jersey  specimens, 
but  the  color  is  rather  a  yellowish  white  than  a  brown,  and  the  exter- 
nal view  shows  only  two  convolutions  instead  of  three,  as  in  Professor 
Brady's  figure. 

Diameter,  0.43  mm. 

Locality, — llancocas  formation.  Timber  Creek,  near  MuUica  Hill,  New 
Jersey. 

Geological  distribution, — Lias  to  llecent. 

Family  TEXTULARID-rC. 
Subfkmily  TEXTXJL^RIN'-aC- 

TEXTULARIA  Defrance. 
Tbxtulabia  agglutinans  d-Orbigny. 

Textuluria  agglutinans  d'Orbigny,  1839;  Foram.  Caba,  p.  136,  PI.  I,  Ags.  17,  18,  32-34. 
TextulaHa  aggluHnauB  Brady,  1884;  Chal.  Rept.,  Vol.  IX,  p.  3G3,  PI.  XLIII,  figs.  1^; 
var.,  figs,  if  12. 

Test  agglutinous,  elongated,  of  a  dull  gray  color,  laterally  convex  j 
chambers  rather  numerous,  ten  to  twelve  in  long  specimens;  septa 
nearly  straight;  aperture  semilunar. 

Length,  2.37  mm. 

Locality. — liancocas  formation,  Vincentown,  MuUica  Hill,  Timber 
Creek,  New  Jersey;  Manasquan  formation,  Vincentown,  Kew  Jersey. 

Qeological  distribution. — Cretaceous  to  Recent. 

This  is  a  rather  common  species  at  Vincentown,  where  it  occurs  in 
the  '<  lime  sand."  It  is  interesting  to  see  the  small,  smooth  glauconite 
grains  which  help  to  form  the  shell  substance. 

Textulabia  AaaLUTiNANS  var.  PORBBOTA  Brady. 

Textularia  agghiUnans  var.  poiTectOj  Brady,  1884;  Chal.  Rept.,  Vol.  IX,  p.  364,  PI. 
XLIII,  fig.  4. 

Test  much  elongated,  agglutinous,  of  nearly  uniform  width;  cham- 
bers more  numerous  than  in  Textularia  a^glutinans^  otherwise  both 
forms  are  very  similar. 

The  New  Jersey  specimens  are  not  quite  so  elongated  as  the  figure 
in  the  Challenger  Eeport. 

Length,  2  mm.;  breadth,  O.G  mm. 

Locality. — Kancocas  formation,  Vincentown,  New  Jersey. 

Geological  distribution, — Cretaceons  to  Recent. 

This  form  has  been  described  by  Tyrrell  from  the  Cretaceous  rocks 
of  Canada. 
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Textulabia  gibbosa  d'Orbigny. 

Tex4idari^  gibboHi  d'Orbigoy,  1826;  Ann.  Soi.  Nat.,  Vol.  VII,  p.  262,  No.  6. 
Tertularla  gibbosa  Terrigi,  1891;  Mem.  B.  Com.  G.  Regno,  Vol.  IV,  pt  1,  p.  68,  PI.  I, 
fig.  10. 

Test  ovate  elongate,  smooth,  of  a  dall-gray  color;  transverse  section 
round;  shell  composed  of  only  foar  chambers  in  each  series;  septal 
lines  arched,  scarcely  discernible  externally;  aperture  a  median  semi- 
lauar  arch  in  the  ultimate  segment. 

Length,  O.d-1  mm. 

Locality. — Monmouth  formation,  Freehold,  New  Jersey. 

Oeological  distributian. — Cretaceous  to  Becent. 

Textulabia  globulosa  Ehrenberg. 

Textmlaria  ghbuloBa  Ehrenberg,  1839;  Abbandl.  k.  Ak.  Wim.  Berlin  (1838),  p.  135, 

PI.  IV,  fig.  p. 
TexUlaria  globulosa  Woodward  and  Thomas,  1885;   13th  Ann.  Bept.  Geol.  Nat.  Hist. 

Sarrey  Mlnnesot4i  for  1884,  p.  166,  PI.  Ill,  figs.  1-5. 

Test  small,  consisting  of  a  few  smooth,  spherical,  or  globular  cham- 
bers; suture  lines  deep;  shell  posteriorly  acute,  anteriorly  obtuse. 

Length  unknown. 

Locality. — Monmouth  formation,  Freehold,  New  Jersey,    liare. 

Geological  distribution. — Cretaceous. 

It  has  been  impossible  to  find  shells  in  perfect  preservation,  since 
the  constructions  between  the  chambers  are  so  pronounced  that  the 
chambers  are  easily  broken  off,  but  the  few  globular  chambers  we  do 
find  are  sufficient  for  the  determination  of  the  species. 

Textulabia  obamen  d'OrWgny. 

Textularia  gramen  d'Orbigny,  1846;  Foram.  Fobs.  Bassin  t«rt.  Vienno,  p.  248,  PI.  XV, 

figs.  4-6. 
Tactularia  gramen  Brady,  18^4;  Chal.  Kept.,  Vol.  IX,  p.  365,  PI.  XLIII,  figs.  9, 10. 

Test  arenaceous,  rough  externally,  stbutly  built,  laterally  compressed, 
margin  subangnlar;  five  to  six  wide  chambers,  very  slightly  convex  j 
posterior  end  neatly  rounded  j  general  outline  very  similar  to  Textularia 
haueriij  but  distinguished  from  that  species  by  its  more  angular  lateral 
edges,  and  differing  from  Textularia  abbreviata^  which  it  also  resembles, 
in  being  less  short  and  thick. 

Length,  1  mm.;  breadth,  0.52  mm. 

Locality. — Bancocas  formation,  Yincentown,  Timber  Greek,  etc.,  I^ew 
Jersey. 

Geological  distribution. — Cretaceous  to  Becent. 

Textulabia  sagittula  Defrance. 

Textularia  sagittula  Defrance,  1824;  Diet.  Sci.  Nat.,  Vol.  XXXII,  p.  177;  1828,  Vol. 

LlII,  p.  344;  Atlaa,  Conch.,  PI.  XIII,  fig.  5. 
Textularia  sagitttOa  Brady,  1884;  Chal.  Kept.,  Vol.  IX,  p.  361,  PI.  XLII,  fip^  17,  18., 
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Tost  elongated,  strongly  compressed,  with  sharp-angled  peripheral 
margin;  chambers  numerous  (12  to  15),  closely  set,  visible  externally 
in  the  upper  portion  only;  septal  lines  almost  straight,  curving  very 
gently  toward  the  central  portion;  aperture  linear. 

Length,  0.45-0.55  ram. 

Locality. — Kancocas  formation,  Vincentown,  New  Egypt,  Timber 
Creek,  New  Jersey. 

Geological  distribution, — Cretaceous  to  Recent. 

Textularia  turris  d'Orbigny. 

Texiularia  turHs  d'Orbij^iiy,    1840;  M6111.  Soc.  G<5ol.  France,  sex.  1.,  Vol.  IV,  p.  46, 

PI.  IV,  figs.  27,  28. 
Textularia  turris  Brady,  1884 ;  Chal.  Kept.,  Vol.  IX,  p.  366,  PI.  XLI V,  figs.  4, 5. 

Test  nearly  round  in  transverse  section,  elongate,  conical,  rugose, 
tai>ering,  anteriorly  truncate;  chambers  numerous,  complanate,  some- 
what irregular,  quite  distinct  at  the  distal  end. 

Length,  1  mm. 

Locality. — Kancocas  formation,  Vincentown,  Timber  Creek,  New 
Jersey. 

Geological  distribution. — Cretaceous  to  Recent. 

Genus  VEKNEUILINA  d'Orbigny. 
Verneuilina  polystropha  (Keuss). 

Bulimina  polystropha  Rcuss,  1845-46;  Verstein.  bobin.  Kreide,  pt.  2,  p.  109,  PI.  XXIV. 

fig.  53. 
remeuilina  polystropha  JivAdy,  1884;  Chal.  Rept.,  Vol.  IX,  p.  386,  PI.  XLVII,  figs. 

15-17. 

Test  arenaceous,  rough,  'somewhat  triangular,  composed  of  only  a 
few  chambers,  which  increase  very  rapidly  in  size  from  below  down- 
ward;   aperture  a  central  arched  opening  in  the  ultimate  segment. 

Length,  0.43  mm. 

TA>cality. — Monmouth  formation.  Freehold,  New  Jersey. 

Geological  distribution. — Cretaceous  to  Recent. 

VEKNEUILINA  TRIQUBTRA  (MUuster). 

Plato  II,  fig.  2. 

Textularia  triquetra  MUustor,  1838;  in  Roomer's  paper,  Neues  Jahrb.,  p.  384,  PI.  Ill, 

fig.  19. 
Textularia  atlantica  Bailey,  1851;  Smithsoniau  Contrib.,  Vol.  II,  art.  3,  p.  12,  figs. 

38-43. 
Verneuilina  triquetra  Brady,  1884;  Chal.  Rept.,  Vol.  IX,  p.  383,  PI.  XLVII,  figs.  18-20. 

Test  composed  of  coarse  sand  grains  and  scattered  grains  of  glance- 
nite,  triserial;  chambers  with  flattened  sides,  definitely  marked  by 
sutures,  eight  to  ten  in  each  series;  transverse  section  an  almost  equi- 
lateral triangle;  surface  rugose,  and  tbe  coarse  sand  grains  are  inter- 
spersed with  grains  of  glauconite;  septal  lines  arched  in  the  central 
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portion  and  directed  downward  toward  the  edges;  triangular  edges 
not  always  straight,  but  curved  somewhat  in  i)assing  from  the  primor- 
dial to  the  distal  end ;  ax)erture  a  median  elongated  slit  with  a  depressed 
margin. 

The  shell  is  of  a  dull-gray  color,  and  attains  large  size. 

An  analysis  of  Verneuilirui  triquetra  gave  41.37  per  cent  of  silica. 
The  sand  grains  are  very  lirmly  cemented  by  calcareous  substance 
which  forms  the  base  of  the  shell. 

It  is  a  very  common  species. 

Ijengthj  3.13  mm. 

Locality. — ^Bancocas  formation,  Yincentown,  Mullica  Hill,  and  Timber 
Creek.  New  Jersey.     Manasquan  formation,  Vincentown,  New  Jersey. 

Geological  distribution. — Cretaceous  to  Kecent. 

Genus  TRITAXIA  Keuss. 
Tbitaxia  tortilis  (Reuss). 

BulimlM  tarHlis  Roues,  1861;  Sitz.  Akad.  Wisa.  Wien,  Vol.  XLIV,  pt.  1,  p.  3:^8,  PI.  VIII, 
fig.  3,  a,  b. 

Test  small,  trihedral;  chambers  few,  five  to  seven  in  each  series, 
somewhat  inflated  and  depressed  at  the  septal  lines;  peripheral  mar- 
gins rather  sharp;  primordial  end  bluntly  pointed;  ultimate  segment 
large,  overreaching,  and  bearing  the  elliptical  aperture  near  the  upper 
part  of  the  septal  face. 

Ijength,  0,52  tam. 

Locality. — Rancocas  formation,  Swedesboro,  New  Jersey. 

Geological  distribution. — Cretaceous. 

TRITAXIA  TRICARINATA   (ReuSS). 

TeMularia  tricarinaia  Renss,  1845-46;  Versteiii.  bohm.  Kreide,  pt.  1,  p.  39,  I'l.  VIII, 

tig.  60. 
Tritaxia  iHmnnata  Brady,  1884 ;  Chal.  Rept.,  Vol.  IX,  p.  389,  PI.  XLIX,  figs.  8, 9. 

Test  tricarinate;  lateral  surfaces  slightly  concave,  consisting  of  a 
few  (four  or  five)  rather  indistinct  segments  in  each  row;  a|>erture 
central,  rotund,  in  a  short  elevated  neck. 

Lengtb,  1.3  mm. 

Locality. — Rancocas  formation,  Swedesboro,  Timber  Creek.  New 
Jersey;  Manasquan  formation,  Vincentown,  New  Jersey. 

Geological  distribution. — Cretaceous  to  Recent. 

Genus  GAUDRTINA  d^Orbigny. 
Gaudbyina  pupoides  d'Orbigny. 

Gaudryina  pupoides  d^Orbigny,  1840 ;  M6m.  Soc.  g6ol.  Franco,  ser.  1,  Vol.  IV,  p.  44, 

PI.  IV,  figs.  22-24. 
Gaudryina  pupoides  Brady,  1884;  Chal.  Rept.,  Vol.  IX,  p.  378,  PI.  XLVI,  figs.  1-4. 

^^  Gaudryina  pupoides  is  an  easily  recognized  8i)ecie8.  Its  dimor- 
phous mode  of  growth  is  generally  very  apparent,  and  Us  variability||^ 
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limited  to  sacL  features  as  the  namber  of  segments,  the  relative  length 
and  breadth  of  the  test,  and  the  degree  of  lateral  compression.  In 
recent  shells  the  walls  are  thin  and  calcareous,  smooth  externally,  and 
almost  invariably  of  a  grayish  hue;  fossil  specimens  sometimes  exhibit 
slightly  rough  exterior.  In  form  and  position  the  aperture  resembles 
that  of  the  typical  Textulariie,  but  it  is  often  surrounded  by  a  raised 
tip  or  border.''    (Brady,  loc.  cit.) 

Length,  2  mm. 

Locality. — Raucocas  formation,  Yincentown,  New  Jersey. 

Geological  distribution. — Cretaceous  to  Recent. 

Genus  GLAVULIKA  d'Orbigny. 

Olavulina  communis  d'Orbigny. 

Clavulina  communis  d'Orbigny,  1826;  Ann.  Sci.  Nat.,  Vol.  VII,  p.  268,  No.  4. 
Clavulina  communis,  d'Orbigny,  1846;  Foram.  Fobs.  Bassin  tert.  Vienne;  p.  196,  PI. 
XII,  figs.  1, 2. 

Test  elongate,  straight,  rough  externally  and  arenaceous;  early  seg- 
ments triquetrous,  spiral,  and  forming  a  pointed  apex,  a  transverse  section 
of  which  is  round,  not  angular  as  in  Olavulina  parisiensis  d'Orbigny; 
anterior  chambers  marked  by  depressed  septa,  somewhat  irregular  in 
size,  but  the  ultimate  one  is  the  largest;  aperture  normally  a  central 
opening  in  a  short  tubular  neck  of  the  ultimate  chamber. 

Length,  2.1  mm. 

Locality. — Bancocas  formation,  Brownsville,  New  Jersey. 

Geological  distribution. --Uppev  Cretaceous  to  Recent. 

Olavulina  paeisiensis  d'Orbigny. 

Clavulina  parisienais  d'Orbigny,  1826;  Ann.  Sci.  Nat.,  Vol,  VII,  p.  268,  No.  3;  Module, 

No.  66. 
Clavulina parisienais  Brady,  1884;  Chai.  Kept.,  Vol.  IX,  p.  395,  PI.  XLVIII,  figa.  14-18. 

Test  coarsely  arenaceous,  elongated,  straight  or  nearly  soj  ultimate 
chambers  nodosarian,  short,  marked  by  straight,  somewhat  depressed 
septa;  primordial  segments  triquetrous  as  in  Olavulina  communis 
d'Orbigny,  but  wedge-shaped  and  triangular  in  outline  instead  of 
being  rounded;  aperture  a  central  opening  in  a  short  tubular  neck. 

Length,  2.4  mm. 

Locality. — Rancocas  formation,  Brownsville,  Kew  Jersey. 

Geological  distribution. — Cretaceous  to  Recent'. 

Occurs  with  the  preceding  not  rarely  in  the  lime  sand  of  Brownsville. 

Siibftunily  ■  BUIilMININ-.^. 

Genus  BULIMINA  d'Orbigny. 

BULIMINA  PUSOHi  Beuss. 

Bulimina  puschi  Reoss,  1851;   Haidinger's  Naturw.  Abhandl.,  Vol.  IV,  pt.  1,  p.  37, 
PI.  Ill,  fig.  6. 

Test  elongate  oval,  obtusely  rounded  above,  acutely  rounded  below, 
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shell  wall  very  punctate;  chambers  rapidly  increasing  in  size  from 
below  upward,  irregularly  wedge-shaped,  moderately  depressed  at  the 
sutures;  aperture  a  comma-shaped  slit  near  the  margin  of  the  ulti- 
mate segment. 

Length,  0.5  mm. 

Locality. — Monmouth  formation,  Freehold,  New  Jersey.    Very  rare. 

Geological  distribution. — Gretaceous. 

BULIMINA  VARIABILIS  d'Orbigny. 

Bulimina  variabilU  d'Orbipiy,  18^10;   M^m.  Soc.  g6ol.  France,  ser.  1,  Vol.  IV,  pt.  1,  p. 

40,  PL  IV,  figs.  9-12. 
BuUmina  variabilis  Reasti,  1S15-46;  Verstein.  bohm.  Kreide,  pt.  1,  p.  37,  PI.  VIII,  figs. 

56,76,77. 

Test  variable,  ovate  or  oblong,  very  finely  r^rforate;  spire  short, 
obtuse  posteriorly;  segments  few,  very  narrow,  slightly  oblique;  ulti- 
mate chamber  ending  in  a  flat  surface;  aperture  oval,  situated  at  the 
inner  margin. 

Diameter,  0.2-0.3  mm. 

Locality. — M!oiimonth  formation.  Freehold,  New  Jersey. 

Geological  distribution, — Cretaceous. 

This  small  species  from  the  New  Jersey  marl  beds  agrees  closely  with 
the  figures  of  Professor  Beuss.  It  has  been  recognized  only  in  the 
lower  marl  bed  at  Freehold,  and  is  a  rare  form. 

Genus  BOLIVINA  d'Orbigny. 
BoLiviNA  PUNCTATA  d'Orbigny. 

Plate  II,  fig.  3. 

BoliHna pvknctaia  d'Orbiguy,  1839;  Forara.  Amdr.  Merid.,  p.  63,  PI.  VIII,  figa.  10-12. 
Bolivina  antiqua  d'Orbigny,  1846;  Foram.  Fosa.  Bassin  tert.  Vienne,  p.  240,  PI.  XIV, 

figs.  11-13. 
Bolivina  punctata  Brady,  1884 ;  Cbal.  Kept.,  Vol.  IX,  p.  417,  PI.  LII,  figs.  18, 19. 

Test  elongate,  textulariform,  smooth,  compressed,  finely  perforate, 
anterior  end  obtuse,  i)osterior  acute,  lateral  margins  subcariuate ;  cham- 
bers five  to  seven  in  each  series;  septal  lines  depressed,*  apei*tnre  ter- 
minal, simple,  oval. 

Length,  0.35  mm.;  greatest  breadth,  0.15  mm. 

Locality. — Matawan  formation,  Marshalltown,  New  Jersey;  Mon- 
mouth formation.  Freehold,  and  Bruere's  pits  on  Grosswicks  Creek, 
New  Jersey. 

Geological  distribution. — Cretaceous  to  Recent. 

This  species  is  common  at  Freehold.  It  resembles  Bolivina  texti- 
laroides  Beuss  in  the  small  number  of  chambers  and  somewhat  broader 
outline,  but  differs  from  this  latter  species  in  being  much  more  oval  in 
outline  when  seen  in  transverse  section. 

30«9 3  ^  , 
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BOLIVINA  TBXTILABOIDES  IleuSS. 

Solivina  texiilaroideB  Reuss,  1862;  Sitz.  Akad.  Wiss.  Wien,  Vol.  XL VI,  p.  81,  PI.  X, 

fig.  1. 
Bolivina  texiilaroides  Brady,  1884;  Chal.  Rept.,  Vol.  IV,  p.  419,  PI.  LII,  figs.  23-25. 

Test  textulariform ;  segmeDts  few  in  number,  about  six  in  each  series; 
septal  lines  depressed,  and  the  chambers  somewhat  inflated;  surface 
smooth,  finely  punctate;  peripheral  margins  rounded,  and  more  or  less 
lobulated. 

Length,  1  mm. 

Locality. — Matawan  formation,  Marshalltown,  New  Jersey. 

Geological  distribution. — Cretaceous  to  Recent, 

This  species  is  less  common  than  Bolivina  punctata. 

Genus  PLEUROSTOMELLA  Reuss. 
Pleubostomella  sxjbnodosa  Reuss. 

Nodoaaria  nodosa  (pars)  Renss,  1845-46;  Verstein.  bohm.  Kreide,  pt.  1,  p.  28,  PL 

XIII,  fig.  22. 
Dmtalina  auhnodosa  (pars)  Renss,  1850;  Haidtnger's  Naturw.  Abhandl.,  Vol.  IV,  pt.  I, 

p.  24,  Pl.  I,  fig.  9. 
Pleurostomella  eubnodoaa  Brady,  1884 ;  Chal.  Rept.,  Vol.  IX,  p.  412,  PL  LII,  figs.  12, 13. 

Test  elongate,  almost  straight,  with  somewhat  irregular  outline; 
chambers  enlarging,  slightly  convex,  separated  by  oblique  sutures; 
ultimate  chamber  largest,  shortly  acute;  primordial  chamber  small- 
est, rounded;  aperture  an  elongated,  naked,  ova]  opening  extending 
slightly  down  the  side  of  the  ultimate  segment. 

Length,  1  mm. 

Locality. — Eancocas  formation,  Timber  Creek,  New  Jersey. 

Geological  distriifutioti. — Cretaceous  to  Recent. 

Family  LAGENID.^. 
Subfkmily  LAO-ENIN-JK. 

Genus  LAGENA  Walker  and  Boys. 
Lagbna  globosa  (Montagu). 

Vermiculum  </lo5o»Mm  Montagu ;  Testae.  Brit.,  1803,  p.  523. 

Oolina  simplex  Reuss,  1851 ;  Haidinger's  Naturw.  Abhandl.,  Vol.  IV,  pt,  1,  p.  22,  PL  I, 

fig.  2. 
Lagena  glohoaa  Reuss.  1863;  Sitz.  Akiid.  Wiss.  Wien,  Vol.  XLVI,  pt.  1,  p.  318,  PL  I, 

figs.  1-3. 
Lagena  globosa  Brady,  1884;  Chal.  Rept.,  Vol.  IX,  p.  452,  PL  LVI,  figs.  1-3. 

Test  subglobular,  elliptical  or  pyriform ;  surface  smooth ;  finely  per- 
forate shell  with  thin,  hyaline  cell  walls;  anterior  margin  somewhat 
projecting,  with  aperture  in  an  entorolenian  neck. 

Length,  2  mm. ;  breadth,  1.5  mm. 

Locality. — Rancocas  formation,  Yincentown  and  Mullica  Hill,  New 
Jersey. 

Geological  distribution. — Jurassic  to  Recent.  r^ i 
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Genus  VITREWEBBINA  Chapman. 

"Test  opaque  to  translucent,  of  a  whitish  or  pale-brown  color.  SheU 
wall  very  finely  perforated,  consisting  of  a  single  hemispherical  or 
pyriform  chamber,  or  of  a  graduated  series  dispersed  usually  in  a 
curved  line,  and  adherent  upon  some  foreign  substance.  The  chambers 
are  connected  by  stolon  tubes,  very  distinctly  seen  on  the  under  sur- 
faces of  the  specimens  which  have  become  detached.  The  surface 
of  the  shell  may  be  smooth,  pitted,  or,  as  in  Dr.  Sollas's  specimen, 
tuberculate."* 

ViTEEWEBBiNA  soLLAsi  Chapman. 

Plate  II,  figs.  5a,  5b. 

Viirewehbina  sollasi  Chapman,  1892;  Geol.  Mag.,  n.  s.,  decade  3,  Vol.  IX,  No.  2,  Feb., 
pp.  53-54,  PI.  II,  fig.  4, 

Test  smooth,  adherent,  hyaline,  finely  perforate;  consisting  of  one  or 
many  chambers  arranged  in  a  more  or  less  curving  irregular  chain ; 
chambers  attached  by  stolouiferous  tubes;  aperture  terminal  in 
ultimate  chamber;  length  variable,  dependent  upon  the  number  of 
chambers. 

Breadth,  0.2-0.6  mm. ;  shell  diameter,  0.01  mm. 

Locality.— 'Ramcoca.s  formation,  Vincentown,  New  Jersey. 

Geological  distribution. — Cretaceous. 

This  is  a  very  common  form  at  Vincentown,  and  is  frequently  found 
adhering  to  Flah€lli7ia  sagittaria,  although  often  occurring  on  other 
shell  fragments.  Although  the  primordial  chamber  is  generally  the 
smallest  and  the  ultimate  the  largest,  there  is  no  regularity  of  arrange- 
ment in  regard  to  size  of  the  chambers. 

It  was  with  some  difficulty  that  the  position  of  this  form  was  deter- 
mined. The  structure  of  the  shell  substance  alone  separates  it  from 
Trochammina  irregularis  Carpenter,*  but  solution  of  the  shell  in  hydro- 
chloric acid  failed  to  reveal  any  trace  of  arenaceous  or  siliceous  mate- 
rial, although  in  some  cases  there  was  an  inner  coating  of  amorphous 
material  remaining  insoluble  in  the  acid. 

A  form  similar  to  the  one  under  discussion  is  figured  by  Quenstedt^ 
and  described  by  him  as  Bullopora  rostrata  in  the  following  words: 
'^This  consists  of  simple,  small,  dark  hemispheres,  united  with  each 
other  through  lengthened  tubes.  This  tube  often  projects  from  the  end 
cell  like  a  beak,  whence  I  have  given  it  its  name.  Generally  the  pus- 
tules (chambers)  increase  in  size,  with  now  and  then  smaller  ones 
l>etween,  while  the  primordial  cell  is  similar  to  those  succeeding.'^ 
This  species  is  described  by  Schwager*  as  Flacopsilina  rostrata,  and  is 
placed  under  the  calcareous  perforate  division  of  the  Dentaloidea. 

1  ChApman,  GeoL  Mag.,  n.  s.,  decade  3,  Vol.  IX,  No.  2,  Feb.  1892,  p.  53. 

*  Introdaction  to  the  Study  of  the  Foraminifera,  p.  142,  PL  XI,  figs.  6-10. 
■  Der  Jura,  1868,  p.  580,  AUaa,  PI.  LXXIII,  flg.  28. 

*  BoUetino  del  B.  Coxnitato  Geol.  d'ltalia,  1877,  Vol.  VIH,  p.  18,  PL  flg.  12. 
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In  the  original  description  of  the  geuns  Placopsilina'  no  mention  is 
made  of  the  natnre  of  the  test,  whether  of  arenaceous  or  calcareoas  com- 
position, but  later  authorities  ( Brady '-^)  consider  the  genus  under  are- 
naceous types  of  the  Lituolid^e. 

The  tubulated  structure  of  the  genus  Webbina,  simulating  the  are- 
naceous Trochammime,  is  quite  striking,  and  its  calcareous  composition 
in  this  case  led  to  a  discussion  by  Dr.  W.  J.  Sollas,^  "On  the  i>erforate 
character  of  the  genus  Webbina,"  etc.,  and  the  later  establishment  of 
a  new  genus,  Vit  re  webbina,  by  Frederick  Chapman,*  which  I  have 
adopted  as  a  solution  of  the  difficulty  presented  by  this  isomorphous 
form. 

VlTEEWEBBINA  L^VIS  (SoUaS). 

Plate  II,  figs.  4a,  4b. 

Webbina  Icevis,  SoUas,  1877 ;  Geol.  Mag.,  u.  s.,  decade  2,yol.  IV,  No.  3,  March,  ])p.l03-104. 
Pi.  VI,  figs.  1-3. 

Test  very  similar  to  Vitrewebhina  aollcbsi  in  shape  and  general  appear- 
ance, and  differing  from  that  species  only  in  having  no  external  marginal 
flange  and  in  being  somewhat  more  elevated.  The  form  occurs  with  the 
preceding  in  the  lime  sand  at  Vincentown,  but  is  not  very  common,  while 
Vitrewebhina  sollasi  is  rather  plentiful. 

Locality. — Bancocas  formation,  Vincentown,  New  Jersey. 

Geological  distribution. — Cretaceous. 

Subfkmily    nSTODOSARrN-aS. 

Genus  NODOSAEIA  Lamarck. 

NODOSAEIA  ACUMINATA  (ReUSS). 

Dentalina  acuminata  ReoBs  1860;  Sitz.  Akad.  Wiss.  Wien,  Vol.  XL,  p.  181,  PI.  I,  fig.  7. 

Test  elongate,  straight,  tapering  sharply;  surface  smooth;  nine  oval, 
regular  chambers,  rapidly  increasing  in  size  toward  the  distal  end ; 
primordial  end  acuminate;  ultimate  chamber  globose,  anteriorly  pro- 
longed into  a  distinct  eccentric  tube;  septa  depressed,  transverse; 
aperture  nipple-shaped. 

The  above  species  is  very  similar  to  Dentalina  subrecta  Reuss,  but 
the  latter  has  fewer  segments  and  the  proximal  end  less  acuminate. 

Length,  0.9  mm. 

Locality, — Eancocas  formation,  Vincentown,  New  Jersey. 

Geological  distribution. — Gretiiceous. 

1  d'Orbigny,  A.  D.,  Prodrome  de  Paleontologie  Stratigraphique,  1850,  VoL  U,  p.  96. 

»  OhaUenger  Eeport,  1884,  Vol.  tX.  p.  314. 

■  GeoL  Mag.,  n.  8.,  decade  2,  Vol.  IV,  No.  3,  March,  1877,  pp.  102-106. 

«  CkoL  Mag.,  n.  a.,  decade  3,  Vol.  IX,  No.  2,  Feb.,  1892,  p.  63. 
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NoDOSABiA  ADOLPHINULA  (d'Orbigny). 

DentaliMa  adolphinula  d'Orbigny,  1846;  Foram.  Fobs.  Bassin  tert.  Vienne,  p.  51,  PL 

II,  iigs.  18-20. 
Dentalina  adolphinula  Sherbom  and  Chapman,  1886;  Joar.  Roy.  Micros.  Soc,  8«r.  2, 

Vol.  VI,  p.  750,  PI.  XV,  figs.  11.  a,  &,  12. 

Test  composed  of  six  or  seven  short,  oval  chambers,  very  strongly 
separated  by  septal  constrictions.  The  anterior  portions  of  tbe  ultimate 
chambers  are  smooth,  but  upon  the  lower  ends  of  these  are  two  rows 
of  spines  or  tubercles  jutting:  out  at  a  low  angle  from  the  surface.  Upcm 
the  primordial  segments  these  spines  are  found  to  cover  the  whole  sur- 
face. Primordial  chamber  armed  with  a  short  spine;  ultimate  segment 
ending  in  a  tubular  neck,  which  carries  the  round  aperture. 

Length,  1  mm.  and  over. 

Locality. — ^Bancocas  formation,  southeast  Swedesboro,  New  Jersey. 

Geological  distribution. — Cretaceous  to  Recent. 

This  small  nodosarian  form  is  not  uncommon  in  the  lime-sand  beds 
below  Swedesboro. 

KODOSABIA  ANNULATA  KeUSS. 

Nodosaria  annulaia  Henss,  1844;  Geogn.  Skizze  Bob  men,  Vol.  II,  pt.  1,  p.  210. 
NodoMfiaannulata  Renss,  1845-46;  Verstein.  bohm.  Kreide,  pt.  1,  p.  27,  PI.  VIII,  figs.  4, 
67.    •Pl.Xni,fig.21. 

Test  smooth  and  glistening,  arcuate,  very  elongate,  tapering  sharply 
to  a  point  toward  the  proximal  end;  chambers  spherical,  numerous, 
fifteen  to  twenty,  more  constricted  and  globose  toward  the  ultimate 
chamber,  which  is  prolonged  somewhat  in  its  upper  portion  and  carries 
the  round  mammillate  aperture;  septa  transverse,  definitely  depressed 
at  the  anterior  end. 

This  is  one  of  the  largest  of  all  our  nodosarian  t3n[>es.  It  resembles 
the  specimens  of  Ifodosariaobliqua,  but  is  easily  distinguished  from  the 
latter  by  its  smooth  surface.  The  proximal  end  of  the  shell  sometimes 
shows  very  faint  stride  as  indications  of  ribs,  but  these  are  never 
prominent,  and  are  visible  only  under  the  microscope. 

Length,  over  10  mm.  in  long  specimens;  breadth  of  largest  chamber, 
1  mm. 

Locality. — ^Monmouth  formation,  Freehold,  New  Jersey;  Bancocas 
formation,  Vincentown,  New  Jersey. 

Geological  distribution. — Cretaceous. 

NoDOSABiA  COMMUNIS  (d'Orbiguy.) 

Denialina  cammufiis  d'Orbigny,  1826;  Ann.  Sci.  Nat.,  Vol.  VII,  p.  254,  No.  .35. 
Xodosaria  communis  Brady,  1884 ;  Chal.  Rept.,  Vol.  IX,  p.  504,  PI.  LXII,  figs.  19-22. 

Test  elongate,  slightly  arcuate,  smooth;  septa  oblique,  depresse4; 
chambers  numerous,  ten  to  fifteen,  convex  anteriorly;  aperture  small^ 
radiate,  situated  near  the  incurved  margin. 
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Length,  3.26  mm. 

Locality. — Monmouth  formation,  Cream  Bidge,  Bruere's  pits  on  Cross- 
wicks  Creek,  New  Jersey;  Bancocas  formation,  New  Egypt,  Mullica 
Hill,  Timber  Creek,  New  Jersey. 

Geological  distribution, — Permian  to  Becent. 

NoDOSABiA  GONSOBBINA  (d'Orbigny.) 

Dentalina  consobrinn  d'Orbigny,  1846 ;  Foram.  Fo8S.  Ba.sflin  tert.  Vienne,  p.  46,  PI. 

II,  figs.  1-3. 
Nodosaria  canaobnna  Brady,  1884;  (Jhal.  Kept.,  Vol.  IX,  p.  501,  PI.  LXII,  figs.  23,24. 

Test  smooth,  dentaline,  attenaated,  and  graceful;  chambers  nine  or 
ten,  shorter  and  less  distinct  at  the  proximal  end  bat  becoming  more 
definite  above  and  more  elongated;  septa  distinct,  straight,  or  nearly 
so,  becoming  more  marked  in  the  proximal  extremity ;  ultimate  cham- 
ber somewhat  prolonged  into  a  neck  which  carries  the  oral  aperture; 
proximal  end  very  neatly  rounded. 

Length,  2  mm. 

Locality. — Matawan  formation,  Marshalltown,  New  Jersey. 

Geological  distribution. — Cretaceous  to  Becent. 

This  slender  little  species  is  very  closely  allied  to  the  emaciate  variety- 
found  in  the  Bancocas  marl  beds,  but  it  is  not  so  elongated  and  has  a 
much  smaller  number  of  chambers. 

NODOSABIA  GONSOBBINA  var.  EMAOIATA  BeuSB. 

Nodosaria  (D.)  coiiao&rina,  var.  emaciataf  Reuse,  1865;  Denks.  Akad.  Wiss.  Wien,  Vol. 

XXV,  p.  132,  PI.  II,  figs.  12, 13. 
Nodosaria  (D.)  consohnnGf  var.  emaciate,  Brady,  1884;  Chal.  Bept.,  Vol.  IX,  p.  602,  PI. 

LXII,  figs.  25,  26. 

Test  smooth,  greatly  elongated,  tapering;  segments  numerous,  short, 
elongate  oval;  similar  to  Nodmaria  consobrina^  but  more  elongated 
and  slender;  septa  somewhat  depressed,  transverse,  primordial  end 
rounded;  aperture  mammillate,  somewhat  prolonged  into  a  tube. 

Length,  2  mm. 

Locality. — Matawan  formation,  Marshalltown,  New  Jersey;  Bancocas 
formation,  Yincentown,  New  Jersey. 

Geological  distribution. — Cretaceous  to  Becent. 

NODOSABIA  FABOIMBN   (Soldaui). 

Orihooeraa  fardmen  Soldani,  1791 ;  Testsceographia,  Vol.  I,  pt.  2,  p.  98,  PI.  CV,  Fig.  O. 
DentaUna  fardmen  Renss,  1863;  BuH.  Acad.  Roy.  Beige,  ser.  2,  Vol.  XV,  p.  146,  PL  I, 
fig.  18. 

Test  arcuate,  tapering,  with  from  six  to  ten  inflated  segments,  sepa- 
rated by  deep,  straight,  transverse  sutures.  The  latter  quality  sepa- 
rates this  species  from  Nodosaria  coinmuniSy  in  which  the  sutures  are 
oblique.    There  is  also  an  irregularity  in  the  increase  of  the  size  of  the 
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chambers  soticeable  in  most  specimens.    The  ultimate  chamber  is 
prolonged  into  a  round  tube  which  bears  the  oral  opening. 

Length,  2.82  mm. 

Locality, — Bancocas  formation,  New  Egypt,  New  Jersey. 

Geological  distribution. — Permian  to  Recent. 

NODOSARIA  FiLiFORMis  d'Orbiguy. 

Nodosaria  fiUformU  d'Orbigny,  1826;  Ann.  Sci.  Natnr.,  Vol.  VII.  p.  253,  No.  14. 
Denialina  gracilis  d'Orbigny,  1840;   M^ra.  Soc.  g<Sol.  France,  xer.  1,  Vol.  IV,  p.  14,  PI.  I, 

fig.  5. 
Nodosariafiliformis  Brady,  1884;  Chal.  Rept.,  Vol.  IX, p.  5()0,  PI.  LXIII,  figs.  a-6. 

Test  slender,  elongated,  smooth,  crenate;  chambers  numerous  (12), 
distinct,  elongate  oval:  septa  transverse,  nonoblique;  aperture  simple, 
round. 

Length,  2.1  mm. 

Locality. — Monmouth  formation,  Cream  Bidge,  Redbank,  New  Jersey; 
Bancocas  formation,  Mullica  Hill,  Timber  Greek,  New  Jersey. 

Geological  distribution. — Lias  to  Becent. 

NODOSARIA  INDIFFERENS   (BeUSS), 

JDentalinaifuUfferene  Reuss,  1863;  Sitz.  Akad.  Wiss.  Wien,  Vol.  XLVIII,  pt.  1,  p.  44, 
PI.  II,  figs.  15,  16. 

Test  consisting  of  from  six  to  eight  smooth,  short,  intiated  chambers 
of  unequal  size;  primordial  chamber  larger  than  the  succeeding  one, 
obtusely  rounded;  ultimate  chamber  large  and  more  constricted  than 
any  of  the  other  chambers. 

Length,  1.7  mm. 

Locality. — ^Monmouth  formation,  Cream  Bidge,  New  Jersey. 

Geological  distribution. — Cretaceous  and  Tertiary. 

NoDOSARiA  INORNATA  (d'Orbigny). 

Denialina  tnomato  d'Orbigny,  1846;  Foram.  Foss.  Bassin  tert.  Vienne,  p.  44,  PI.  I, 

figs.  50,  51. 
Denialina  inornaia  Sberbom  and  Cbapman,  1886;  Jour.  Roy.  Microsc.  Soc,  ser.  2, 

Vol.  VI,  pt.  2,  p.  750,  PI.  XV,  fig.  8. 

Test  smooth,  gently  tapering,  with  chambers  distinct  and  more 
indented  upon  one  side  than  upon  the  other;  septa  very  oblique,  and 
curving  very  slightly  in  the  central,  and  more  markedly  so  near  the 
margin  of  the  lowest  end  of  each  chamber;  aperture  nearer  one  side. 

Only  three  segments  preserved. 

Length  unknown. 

Locality. — Matawan  formation,  Marshalltown,  New  Jersey. 

Geological  distribution. — Cretaceous  and  Tertiary. 

The  New  Jersey  specimens  are  almost  identical  with  the  form  figured 
by  Sherborn  and  Chapman  from  the  London  clay  of  England. 
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AccordiDg  to  Professor  Brady,  this  si)ecie8  is  considered  to  be  iden- 
tical with  Nodosaria  communis  d'Orbigny,  and  is  given  by  him  as  a 
synonym  under  that  name,  bat  it  is  here  kept  distinct  for  several 
reasons,  as  it  is  by  Chapman  and  Sherborn. 

NoDOSABiA  L^viaATA  d'Orbigny. 

Nodogaria  (Glandulina)  Iwvigata  d'Orbigny,  1826;  Ann.  Sci.  Nat.,  Vol.  VII,  p.  252, 

PI.  X,  figs.  1-3. 
Glandulina  l(evigata  d'Orbigny,  1846;  Foram.  Foss.  Bassln  tert.  Vienne,  p.  29,  PI.  I, 

figs.  4,5. 
Nodosaria  Iwvigata  Brady,  1884;  Chal.   Rept.,  Vol.  IX,  pp.  490,  493,  PI.  LXI,  figs. 

17-22,  32. 

Test  cylindrical,  tapering  rapidly  to  a  point  at  the  primordial  cham- 
ber; shell  smooth,  consisting  of  five  or  six  short,  indistinct  segments; 
septal  lines  transverse;  aperture  round,  crenulate. 

This  small  species  occurs  sparingly  in  the  lime  sand  at  Yincentown. 
Tiie  American  specimens  are  very  similar  to  the  forms  from  Oermany 
figured  by  Professor  Eeuss  under  the  name  Glandulina  elliptical 

Length,  0.(>5  mm. 

Locality, — liancocas  formation,  Vincentown,  New  Jersey. 

Geological  distribution, — Cretaceous  to  Recent. 

Nodosaria  longiscata  d'Orbigny. 

Nodosaria  longiscata  d'Orbigny,  1846;  Forain.  Foss.  Bassin  tert.  Vienne,  p.  32,  PI.  I, 
figs.  10-12. 

Test  elongate,  smooth,  consisting  of  chambers  greatly  extended  and 
united  end  to  end  by  definite  constrictions.  The  forms  are  never  found 
of  iiiU  length,  owing  to  the  weak  jointing  of  the  segments,  which  allows 
them  to  break  apart  very  readily.  The  species  is  somewhat  similar  to 
Nodosaria  ovuluta  Sherborn  and  Chapman,  but  the  chambers  are  not 
angular  at  their  base,  as  in  the  latter  species. 

Length  unknown. 

JjocaUty. — Manasquan  formation,  Vincentown,  New  Jersey. 

Geological  distribution. — Cretaceous  and  Tertiary. 

NoDOSABiA  MULTicosTATA  (d'Orbiguy). 

Denialina  multicoslata  d'Orbigny,  1840;  M^m.  Soc.  g^ol.  France,  ser.  1,  Vol.  IV,  p.  15, 
PI.  I,  figs.  14,  15. 

Test  large,  abruptly  tapering,  arcuate;  surface  marked  by  numerous 
(24  at  the  anterior  end)  sharj),  distinct,  longitudinal  costae,  slightly 
twisted  and  irregular  in  their  arrangement;  chambers  nine  or  ten, 
short,  deeply  constricted,  becoming  more  distinct  toward  the  proxi- 
mal end ;  ai)erture  small,  rotund,  ending  in  a  definitely  constricted  neck 
surrounded  by  a  crenulated  margin. 

Length,  4-5  mm. 


>  Sitz.  Akftd.  Wise.  Wein,  1863,  Vol.  XLVIII,  p.  47,  PI.  IH,  figs.  2»-31. 
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Locality. — ^Bancocas  formation,  Blue  Ball,  New  Jersey. ' 
Geological  distribution. — Garboniferous  to  Cretaceous. 

NoDOSABiA  NiTiDA  d'Orbigny. 

Nodoaaria  niHda  d'Orbigny,  1826;  Ann.  Sci.  Nat.,  Vol.  VII,  p.  254,  No.  33. 
Xodosaria  niHda  Parker,  Jonea,  and  Brady,  1871 ;  Ann.  Nat.  Hist.,  ser.  4,  Vol.  VIII, 

p.  158,  PI.  IX,  fig.  44. 
Nodosaria  nitida  Tate  and  Blake,  1876;  Yorkshire  Lias,  p.  457,  PI.  XVII,  fig.  19. 

<^A  small  striate  Nodosaria,  deeply  constricted  at  its  septa  and  hav- 
ing few,  distinct,  oval,  or  fusiform  segments.  A  less  robast  form  than 
Nodosaria  scalaria^  and  less  neatly  finished  as  to  base  and  terminal 
neck  than  that  species  generally  is."  (Parker,  Jones,  and  Brady, 
loc  cit.) 

Owing  to  the  deep  constrictions,  this  form  is  easily  broken,  and  I  have  * 
no  specimens  with  more  than  three  segments.    The  ribs  are  very  dis- 
tinct and  elevated,  and  there  are  small  intermediate  strise  between 
some,  but  not  all,  of  the  main  costaB.    The  aperture  ends  in  a  phialine 
neck. 

Length  (of  the  three  ultimate  segments),  2.82  mm. 

Locality. — Bancocas  formation.  Blue  Ball,  New  Jersey. 

Geological  distribution. — Lias  to  Eecent  (Y). 

NoBOSARiA  OBLiQUA  (Linn^). 

XavtiluB  ohliquMljVnii6,n61'y  Syst.  Nat.,  twelfth  ed.,pp.  281,  liaS;  1788,  ibid.,  thir- 
teenth (Gmelins)  ed.,  p.  3372,  No.  14. 

Nodo8aHa  sulcata  Nilsson,  1827;  Petrefacta  Suec,  p.  8,  PI.  IX,  fig.  19. 

Demtalina  Bulcata  d'Orbigny,  1840;  M^m.  Soc.  g^ol.  France,  ser.  1,  Vol.  IV,  p.  15,  PI.  I, 
figs.  10-13. 

Denialina  Bteenatrupi  Renss,  1855;  Zeits.  dentsch.  geol.  Gesell.,Vol.VII,  p.  268,  PI.  VIII, 
fig.  14a. 

DenUUina  sulcata  Renss ;  ibid.,  p.  269,  PI.  VIII,  fig.  14b. 

Dentalina  ohliqiM  Jones,  Parker,  and  Brady,  1866;  Monograph  Foram.  Crag,  Pal.  Soc. 
Vol.  XIX,  p.  54,  PI.  I,  fig.  9. 

Test  very  large,  elongated,  arcuate,  tapering;  septal  lines  depressed ; 
numerous  cost®  upon  the  surface,  which  vary  in  size  and  number  in 
different  specimens;  chambersnumerous,ventricose,  distinct;  aperture 
central,  radiate.    Some  specimens  end  in  a  spine  at  the  distal  end. 

Length,  2-13.5  mm. 

Locality. — Matawan  formation,  Marshalltown,  Kew  Jersey;  Mon- 
mouth formation,  Freehold,  New  Jersey;  Eaucocas  formation,  Vincen- 
town,  Blue  Ball,  MuUica  Hill,  Timber  Creek,  Harrison ville,  New  Egypt, 
New  Jersey;  Manasquan  formation,  Vincentown,  New  Jersey. 

Geological  distribution. — Lias  to  Kecent. 

This  species  is  very  common  in  the  New  Jersey  marl  beds  and  is  one 
of  the  few  forms  which  are  found  in  all  the  horizons  of  the  Upper  Cre- 
taceous series. 

The  Matawan  specimens  are  only  2  mm.  in  length. 
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NoDOSARiA  PAUPBRATA  (d'Orbigny). 

Dentalina  pauperata  d'Orbigny,  1846;  Foram.  Fosb.  Bassin  tert.  Vienne,  p.  46,  PI.  I, 

figs.  57,  58. 
Nodosaria  pauperata  Brady,  1884 ;  Cbal.  Rept.,  Vol.  IX,  p.  500,  woodpats,  fig.  14a,  b,  c. 

Test  smooth,  somewhat  arcaate,  tapering  very  gradaally;  cham- 
bers quite  uniform  in  size,  ten  or  eleven  in  number,  not  constricted  in 
the  lower  portion  of  the  shell,  but  becoming  distinct  and  more  con- 
stricted as  they  approach  the  proximal  end;  ultimate  segment  pro- 
longed, provided  with  a  constricted  tube-like  neck  which  carries  the 
round  aperture. 

Length,  2-3  mm, 

Locality — Manasquan  formation,  Vincentown,  Ifew  Jersey. 

Geological  distribution — Lias  to  Eecent. 

Nodosaria  polyoona  Reuss. 

Nodosaria  polygona  Reuss,  1855 ;  Zeits.  deiitsch.  geol.  Gesell.,  p.  265,  Pl.  VIII,  figs.  7, 8. 

Test  cylindrical,  elongate,  costate,  tapering  very  gradually,  straight 
or  but  slightly  curved;  chambers  numerous,  ten  to  sixteen,  becoming 
more  constricted  and  globose  toward  the  ultimate  segment;  primordial 
chamber  larger  than  the  one  succeeding,  bulbous,  mucronate;  ultimate 
chamber  terminates  in  a  short  tubular  neck,  in  which  the  round  oral 
aperture  is  situated;  longitudinal  costae  few  in  number,  eight  to  ten, 
very  distinct,  and  elevated  and  extending  from  end  to  end. 

Length,  sometimes  9  mm. 

The  specimens  from  the  Matawan  marl  beds  are  small  (1.1  mm.  in 
length),  and  have  only  six  chambers,  and  are  rare,  while  the  liancocas 
forms  are  very  numerous  and  are  among  the  largest  of  the  NodosarijB 
from  New  Jersey. 

Locality — Matawan  formation,  Marshalltown,  New  Jersey;  Mon- 
mouth formation.  Freehold,  New  Jersey;  Eancocas  formation,  New 
Egypt,  Blue  Ball,  Harrisonville,  New  Jersey;  Manasquan  formation, 
Vincentown,  New  Jersey. 

Geological  distribution — Cretaceous  to  Recent. 

Nodosaria  radioula  (Linn6). 

Nautilus  radicula  Linn6,  1767;  Syat.  Nat.,  twelfth  ed.,  pp.  285,  1164;  1788,  ibid., 

thirteenth  (Gmelin's)  ed.,  p.  3373,  No.  18. 
Nodosaria  radicula  d^Orbigny,  1826 ;  Ann.  Sci.  Nat.,  Vol.  VII,  p.  252,  No.  3 ;  Model  No.  1. 
NodosaHa  radicula  Brady,  1876;  Palajont.  Soc,  Vol.  XXX,  p.  124,  PI.  X,  figs.  6-16. 

Test  straight,  elongated,  tapering,  composed  of  from  four  to  seven 
subglobose  segments;  surface  of  shell  smooth;  septal  lines  transverse, 
depressed;  aperture  a  nipple-shaped  protuberance  on  the  ultimate  seg- 
ment. 

Length,  2  mm. 

Locality. — Eancocas  formation,  Timber  Creek,  New  Jersey. 

Geological  distribution. — Permian  to  Eecent. 
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NODOSABIA  SAFHANUS  (Liim6). 

Nautilus  raphanus  Linn^,  1767;  Syet.  Nat.,  twelflh  ed.,  pp.  283,  1164;   1788,  ibid., 

thirteenth  (Gmelin's)  ed.,  p.  3373,  No.  16. 
Nodosaria  raphanus  Silveetri,  1872;  Nodoe.  Fob.  Viv.  dltalia,  p.  43,  PL  IV,  figs.  67-«l. 
Nodosaria  raphanus  Brady,  1884;  Chal.  Kept.,  Vol.  IX,  p.  512,  PI.  LXIV,  figs.  6-10. 

Test  elongate,  straight,  somewhat  tapering,  stoatly  built;  surface 
marked  by  eight  sharp,  elevated,  distinct  costsB;  chambers  few  in  nam- 
ber,  generally  fewer  than  ten,  not  very  distinct,  since  the  septal  lines 
are  nonlimbate;  aperture  a  semilunar  arch,  median,  surrounded  by  a 
thickened  border. 

Length,  1  mm. 

Locality, — ^Bancocas  formation,  southeast  Swedesboro,  Timber  Creek, 
New  Jersey. 

Geological  distribution. — Upper  Trias  to  Becent. 

NoDOSAEiA  EOEMERi  (Neugeboreu.) 

Deutalina  roemeri  Neugehoren,  1856;  Denks.  Akad.  Wiss.  Wien.,  Vol  XII,  pt.  2,  p.  82. 

PI.  II,  figs.  13-17. 
Nodosaria  roenusri,  Brady,  1884;  Chal.  Kept.,  Vol.  IX,  p.  505,  PI.  LXIII,  fig.  1. 

Test  smooth,  consisting  of  six  or  seven  large  chambers  separated  by 
nearly  straight,  slightly  depressed  sutures;  primordial  chamber 
rounded  and  rather  blunt;  ultimate  chamber  carrying  the  oral  ai)er- 
ture  nearer  the  incurved  margin.  Some  specimens  are  slightly  curved, 
but  the  curvature  is  never  very  great. 

Length,  0.82  mm. 

Locality. — Matawan  formation,  Marshalltown,  New  Jersey. 

Geological  distribution. — Cretaceous  to  Eecent. 

Nodosaria  botundata  (Reuss.) 

GlafiduUna  rotundata  Renss,  1850;  Denks.  Akad.  Wiss.  Wien.,  Vol.  I,  p.  366,  PI.  XL VI. 

fig.  2. 
Glandulina  ohtussima  Reuss,  1863;  Sitz.  Akad.  Wiss.  Wien.,  Vol.  XLVIII,  pt.  1,  p.  66, 

PI.  VIII,  figs.  92,  93. 

Test  oval,  not  much  elongated,  with  rounded  base,  consisting  of  only 
two  or  three  segments,  usually  two,  of  which  the  ultimate  chamber  is 
much  the  largest;  surface  of  shell  smooth  and  white;  aperture  small, 
rotund,  crenulate,  placed  centrally  in  ultimate  chamber. 

Length,  1-^  mm. 

This  is  not  an  uncommon  form  in  the  limes  and  at  Vincentown.  Our 
specimens  agree  very  closely  with  those  figured  by  Professor  Eeuss. 

Locality. — ^Rancocas  formation,  Yincentown,  New  Jersey. 

Geological  distribution. — Cretaceous  to  Recent. 

Nodosaria  soabba  (Eeuss). 

Dentalina  scahra  Reuss,  1850;  Denk.  Akad.  Wiss.  Wien,  Vol.  I,  p.  367,  PI.  XLVI,  figs.  7, 8. 

Test  small,  elongate,*tapering;  surface  uniformly  covered  with  raised 
longitudinal  striae,  or  tubercles,  visible  only  under  high  power  in 
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reflected  light;  chambers  eight  in  namber,  strongly  constricted,  becom- 
ing quite  spheroid  in  the  upper  portion;  primordial  chamber  furnished 
with  a  long,  delicate  spine  upon  the  inside  edge  of  the  line  of  flexure; 
ultimate  chamber  prolonged  into  a  round  phialine  neck;  ai>ertnre 
rotund. 

Length,  1  mm. 

Locality, — Manasquan  formation,  Vincentown,  New  Jersey. 

Geological  distribution, — Cretaceous  and  Tertiary. 

Eeuss  describes  this  form  as  being  very  variable  in  character,  and 
states  that  there  are  two  extreme  types,  which  would  be  considered  dis- 
tinct species  were  it  not  for  the  connecting  forms.  It  is  a  rare  species 
at  Vincentown,  and  we  can  not  state  whether  the  American  type  is  con- 
stant or  not.  The  one  described  agrees  very  closely  with  Professor 
Eeuss's  figure. 

NODOSABIA  SPINULOSA  (Moutagu). 

Nautilus  8pinulo8H8  Montagu,  1808;  Test.  Brit.  Suppl.,  p.  86,  PI.  XIX,  ^g.  5. 
Dentulina  spinulosa  Sherbom  and  Chapman,  1886;  Jour.  Roy.  Microso.  Soc,  ser.  2,  Vol. 
VI,  p.  751,  PI.  XV,  fig.  13. 

Test  slightly  arcuate,  elongate;  surface  marked  by  elevated  rib-like 
spines,  which  cover  the  segments  irregularly.  These  rib-like  projec- 
tions jut  out  prominently,  especially  on  the  posterior  portion  of  each 
segment.  Chambers  somewhat  constricted,  ten  or  more  in  number  on 
long  specimens. 

Length,  2.16  mm. 

Locality. — Manasquan  formation,  Vincentown,  New  Jersey. 

Geological  distribution. — Upper  Cretaceous  and  Tertiary. 

The  specimens  described  by  Professors  Chapman  and  Sherbom  were 
from  the  London  clay. 

NODOSABIA  VEETBBBALIS   (Batsch). 

Nautilus  (Orthooerae)  rertebralis  Batsch,  1791;  Conch.  Seasands,  p.  3,  No.  6,  PI.  II, 

fig.  6,  b. 
Denialina  reriehralis  Sherbom  and  Chapman,  1886;  Jour.  Roy.  Microsc.  Soo.,  ser.  2, 

Vol.  VI,  p.  752,  PI.  XIV,  fig.  39,.  a,  h. 

Test  long,  nearly  straight;  surface  marked  by  slightly  elevated  longi- 
tudinal costae,  very  slightly  twisted;  chambers  eight  in  number,  of 
uniform  size,  but  tapering  somewhat  toward  the  primordial  segment, 
UTiconstricted  and  marked  by  rather  wide,  straight  transverse  septa; 
aperture  central,  mammillate. 

Length,  2.4  mm. 

Locality. — Rancocas  formation,  New  Egjrpt,  !N'ew  Jersey. 

Geological  di^tributio7i. — Cretaceous  to  Becent. 

Dr.  Anthony  Woodward  describes  this  species  from  Stratton's  marl 
pit,  near  Mullica  Hill,  where  it  occurs  in  the  shell  layer  of  the  green 
marl,  and  also  from  Timber  Creek,  in  the  lime-sand  bed;  but  it  is  not  a 
common  form  in  either  locality. 
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NODOSABIA  WLLLIAMSI  Bagg. 

Plate  III,  figs.  2a,  2b. 

Nodoaaria  williatMi  Bagg,  1895;  Johns  Hopkins  Uoiv.  Circnlars,  No.  121,  October, 
1895,  No.  59. 

Test  small,  oval  or  elliptical,  similar  to  Nodosaria  comata  Batsch,  bat 
differing  from  that  species  in  the  arrangement  of  the  costie,  which  in 
oar  specimens  extend  the  entire  length  of  the  shell,  while  in  the  former 
species  the  oral  end  is  smooth.  The  costic  are  very  nameroas,  fine; 
chambers  three  or  four,  large,  inflated,  scarcely  discernible  by  the 
transverse  septa;  anconstricted  at  the  septal  nodes;  altimate  chamber 
troncate;  apertare  very  large,  rotand. 

Length,  1.13  mm. 

Locality. — Bancocas  formation,  soatheast  Swedesboro,  New  Jersey. 
Bare. 

Oeological  distribution — Upper  Gretaceoas. 

KoDOSABiA  zippEi  Beass. 

Plate  III,  fig.  1  (aberrant  form). 

Nodoaaria  zippei  Renss,  1844;  Googn.  Skizze  Bolim,  Vol.  II,  pt.  1,  p.  210. 

NodoBaria  Hppei  Reuss,  1845-  J]  Verstein.  bohm.  Kreide,  pt.  1,  p.  25,  PI.  VIII,  figs. 

1-3. 
Denialina pulchra  Gabb,  1860 ;  Jour.  Acad.  Nat.  Sci.,  Philadelphia,  n.  s.,  Vol.  IV,  p.  402, 

Pl.LXIX,  fig8.40,41. 
Nodo9aria  raphaniairum  Woodward,  1894;  Jour.  N.Y.  Microec.  Soc.,Vol.  X,  No.  4,  p.  110. 

Test  sti-aight,  or  but  slightly  arcaate,  very  large  and  long,  sometimes 
reaching  10  millimeters  in  length  ^  chambers  nameroas,  becoming  more 
distinct  toward  the  altimate  chamber;  primordial  segment  shghtly 
larger  than  the  one  sacceeding,  macronate;  surface  of  shell  marked  by 
from  seven  to  fourteen  (usually  about  twelve)  very  prominent  costae, 
only  part  of  which  extend  the  whole  length  of  the  shell;  ultimate  cham- 
ber slightly  prolonged;  aperture  rotund. 

Length,  9  mm.  and  over.  Small  specimens,  3.2  mm.;  breadth,  0.5- 
1  mm. 

Locality, — Matawan  formation,  Marshalltown,  New  Jersey;  Mon- 
mouth formation,  Freehold,  Kew  Jersey;  Bancocas  formation.  Blue 
Ball,  Yincentown,  Harrison ville,  etc.,  Kew  Jersey;  Manasquan  forma- 
tion, Vincentown,  New  Jersey. 

This  beautiful  species  is  one  of  the  very  largest  forms  of  Foraminif- 
era  found  in  the  New  Jersey  Cretaceous  marl  beds,  and  was  described 
by  Gabb  as  early  as  1860,  under  the  name  Dentaliria  pulchra.  Owing 
to  its  great  length  it  is  very  easily  broken,  so  that  only  a  few  of  the 
largest  specimens  are  perfect.  It  was  very  well  described  by  Keuss  in 
1844  (loc.  cit.),  who  said  that  its  length  was  sometimes  IJ  inches,  the 
number  of  chambers  twenty  to  thirty,  the  costae  seven  to  fourteen,  and 
that  there  were  secondary  riblets  occasionally  set  in  between  the  main 
costs  and  running  a  short  distance  along  the  surface  of  the  shell. 
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Beuss  also  x>oiiited  out  the  similarity  of  Nodosaria  aeptemcostata  and 
N.  undecimcostata  Geinitz,  and  considered  the  two  latter  as  identical 
with  N,  zippei.  Dr.  Anthony  Woodward  considers  this  species  iden- 
tical with  N,  raphatiistrum,  but  the  two  species  are  sufficiently  distinct 
to  justify  the  retention  of  the  original  name  given  by  Professor  Eeuss. 

This  species  has  a  very  wide  geological  range  and  distribution  in  the 
Cretaceous,  and  occurs  in  every  marl  bed  of  New  Jersey. 

In  the  large  amount  of  material  examined  in  the  preparation  of  this 
report  an  interesting  case  of  dimorphism  was  observed  in  one  of  the 
specimens  of  Nodosaria  zippei.  The  shell  which  has  been  previously 
referred  to  begins  as  a  textularian  with  two  chambers  side  by  side, 
each  bearing  the  same  number  of  c^ostie  as  the  original  form  and  united 
above  into  a  straight  typical  nodosarian  chamber.  It  was  found  in  the 
green  marl  of  Blue  Ball,  where  the  Kodosariai  are  so  perfectly  pre- 
served that  mucronate  forms  still  retain  their  spines  in  almost  perfect 
condition. 

Genus  LINGULINA  d'Orbigny. 

LiNGULiNA  CARINATA  d'Orbigny. 

Ungulina  carinata  d'Orbigny,  1826;  Ann.  Sci.  Nat.,  Vol.  VII,  p.  257,  No.  1. 
lAngulina  caHnata  Brady,  1884 ;  Chal.  Ropt.,  Vol.  IX,  p.  517,  PI.  LXV,  tig.  16, 17. 

Test  elliptical,  elongate,  laterally  compressed ;  surface  smooth  and  glis- 
tening; shell  consisting  of  six  somewhat  extended  chambers,  separated 
by  arched  septa;  peripheral  margin  obtusely  angular;  chambers 
increasing  rapidly  in  size  toward  the  distal  end  and  marked  by  distinct 
transverse  septal  lines;  primordial  chamber  circular,  not  elevated; 
aperture  a  narrow  terminal  slit. 

Length,  1.2-1.85  mm. ;  breadth,  1-1.3  mm. 

Locality. — Eancocas  formation,  Vincentown,  !N^ew  Jersey. 

Geological  distribution. — ^Cretaceous  to  Recent. 

This  beautiful  little  species  is  common  in  the  lime  sand  at  Vin- 
centown. It  resembles  Lingulina  hohemica  Beuss  both  in  its  lateral 
compression  and  in  its  external  form,  but  is  distinguished  from  that 
form  by  its  broader  elliptical  outline  and  in  having  invariably  six 
chambers  instead  of  live. 

Genus  FROKDICULARIA  Defrance. 

Frondicularia  AX.ATA  d'Orbigny, 

Plate  II,  fig.  4b  (bottom  form). 

FrondiculuHa  alata  d'Orbigny,  1826;  Ann.  Sci.  Nat.,  Vol.  VII,  p.  256,  No.  2. 
Frondioulana  al^ta  Brady,  1884;  Chal.  Kept.,  Vol.  IX,  p.  522,  PI.  LXV,  figs.  20-23;  PI. 
LXVI,  figs.  3-5. 

Test  broadly  oval,  l^^^?  complanate;  surface  smooth,  miirked  by 
fairly  distinct  septal  lines;  chambers  narrow,  numerous,  arched;  pri- 
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mordial  segment  oval,  elevated,  situated  a  little  within  the  periphery; 
basal  portion  of  shell  more  or  less  covered  by  spiuousi>rojections,  which 
are  either  single  or  anited. 

Length,  4.34  mm. ;  breadth,  3  mm. 

Locality. — Eancocas  formation,  Vincentown,  Brownsville,  etc.,  New 
Jersey. 

Geological  distribution, — Cretaceous  to  Becent. 

This  form  is  rather  common  in  many  localities  where  the  lime  sand 
is  developed. 

Fbondioulabia  aiygusta  (Kilsson)  var.  dimidia  Bagg. 

Plate  III,  figs.  7a,  7b. 

Planularia  angusta  Nilsson,  1827;  Petref.  Suec.  p.  11,  PL  IX,  fig.  22  a,  A. 
Frandumlaria  angtuia  Retias,  1845-46 ;  Verstein,  bohm.  Kreide,  pt.  1,  p.  29,  PI.  VIII,  figs. 
13, 14. 

Test  lanceolate,  very  elongate,  strongly  compressed  and  leaf-like; 
consisting  of  from  ten  to  twelve  chambers,  which  gradually  increase  in 
size  toward  the  proximal  end,  where  the  greatest  breadth  occurs; 
primordial  chamber  spherical,  elevated,  mucronate,  and  the  surface 
marked  by  three  sharply  defined  ribs;  surface  of  shell  marked  by 
numerous  fine  longitudinal  lines,  running  nearly  parallel  to  the  lateral 
edges;  septa  distinct,  slightly  raised  externally  as  ridges;  aperture 
normally  round,  terminal. 

Length,  2.6  mm.;  breadth,  1  mm. 

Locality. — Bancocas  formation,  Vincentown,  New  Jersey. 

Geological  distribution. — Cretaceous. 

This  species  is  very  closely  allied  to  the  European  form,  but  differs 
principally  in  the  number  of  chambers,  which  is  invariably  less  than 
one-half  of  those  of  the  former  tyi>e.  It  is  common  in  the  lime  sand 
at  Vincentown. 

Fbondioulabia  abohiaoiana  d'Orbigny,  var.  stbigillata,  nov.  var. 

Plate  III,  fig.  5. 

Frondicularia  archiaciana  d'Orbigny,  1840;  M6m.  Soc.  g6o\,  France,  ser.  1,  Vol.  IV, 

p.  20,  PI.  I,  figs.  34-36. 
Frondumlana  arohiaoiana  Brady,  1884;  Chal.  Kept.,  V0I..IX,  p.  520,  PI.  CXIV,  fig.  12. 

Test  elongate,  complanate,  anteriorly  acute,  posteriorly  obtuse,  and 
provided  with  a  short  spine;  chambers,  six  to  eight,  relatively  large, 
equally  compressed,  and  slightly  limbate  at  the  lateral  edges ;  surface 
marked  by  definite  elevated  striae,  of  which  the  two  central  rows  are 
more  prominent  than  those  near  the  margin ;  primordial  chamber  globu- 
lar; ultimate  chamber  prolonged,  tube-like;  aperture  small,  rotund. 

Length,  1.6  mm.;  breadth,  0.6  mm. 

Locality, — Eancocas  formation,  Vincentown,  New  Jersey. 

Geological  distribution.— Greta/ceon^  to  Eecent. 
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FrONDICULARIA  CLABSl  Bagg. 
Plate  III,  fig.  4. 
Frondiculnria  clarki  Bagg,  1895;  Johns  Hopkius  Univ.  Circnlars  No.  121;  October. 

Test  complanate,  smooth,  very  elongate  oval  in  outline;  consisting  of 
from  twelve  to  fourteen  narrow  parallel  chambers;  primordial  chamber 
bulbous,  elevated,  costate,  mucrouate ;  ultimate  chamber  elongate,  bear- 
ing upon  one  surface  a  hollow,  somewhat  extended  tube,  which  forms  an 
elevated  median  ridge  with  rather  angular  edges,  and  extends  for  a  short 
distance  down  the  shell.  This  tube  terminates  anteriorly  in  the  nearly 
rotund  aperture. 

Length,  3.4  mm.;  breadth,  0.9  mm. 

Locality. — Monmouth  formation,  Atlantic  Highlands,  Kew  Jersey. 
Yery  rare. 

Geological  distribution. — Cretaceous. 

I  have  named  this  interesting  species  after  my  Mend  and  instructor. 
Prof.  William  B.  Clark. 

FRONDICULARIA  GAULTINA  ECUSS. 

FrondiculaHa  gaultina  Reuss,  1860;  Sitz.  Akad.  Wiss.  Wien,  Vol.  XL,  p.  194,  PL  V, 
fig.  5. 

Test  rather  narrow,  smooth,  very  elongate,  compressed;  consisting 
of  numerous  chambers,  gradually  increasing  in  size  from  below  upward; 
septal  lines  approximately  straight,  paralleled,  depressed;  shell  broad- 
est nearer  the  ultimate  segment,  gradually  diminishing  below;  primor- 
dial segment  not  preserved. 

Length  unknown. 

Locality. — Matawan  formation,  Marshalltown,  !N^ew  Jersey,    ftare. 

Geological  distribution. — Cretaceous. 

FRONDICULARIA  INVERSA  EeuSS. 

Frandioularia  inreraa  Rensa,  1844;  Geogn.  Skizze  Buhm.,  Vol.  II,  pt.  1,  p.  211. 
Frandicularia  inversa  Renss,  1845-46;  Veratein.  b5hni  Kreide,  pt.  1,  p.  31,  PL  VIII, 
figs.  15-19;  PI.  XIII,  fig.  42. 

Test  complanate,  leaf-like,  elongate,  smooth,  broadest  near  the  mid- 
dle, tapering  at  the  sid^s  toward  the  anterior  and  posterior  ends  by 
straight  wedge-shaped  lateral  margins;  peripheral  edges  square;  one 
lateral  surface  slightly  curved  along  the  median  line,  opposite  surface 
approximately  flat;  chambers  ten  to  twelve,  narrow,  elongate,  nearly 
parallel  to  upper  peripheral  edges;  inimordial  chamber  oval,  elevated, 
marked  by  a  median  ridge,  mucronate;  aperture  rotund,  crenulated. 

Length,  2.82  mm.;  breadth,  1  mm. 

Locality. — Monmouth  formation,  Freehold,  Kew  Jersey.    Bare. 

Geological  distribution. — Cretaceous. 
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Fbondicularia  lanceola  Keass. 

Frondicularia  lanceola  Renss,  1865;  Rouse's  Model  No.  23  (Catalogue  No.  46,  1831). 

Test  very  elongate,  lanceolate,  tapering  sharply  to  an  acute  i)oiDt  at 
the  primordial  end;  segments  namerous,  twelve  or  more,  qaadrangu 
lar  in  cross  section;  septa  depressed  sharply,  so  that  the  chambers 
appear  elevated  into  oblique  folds;  surface  smooth  and  glistening; 
peripheral  margin  limbate;  ultimate  cliamber  extended  into  a  distinct 
tube,  which  carries  the  oral  aperture;  primordial  chamber  nearly 
circular,  not  elevated;  aperture  radiate. 

Length,  3  mm.;  breadth,  O.G  mm. 

Locality. — Monmouth  formation.  Freehold,  New  Jersey. 

Geological  distribution. — Cretaceous. 

I  have  only  one  specimen  of  this  beautiful  form. 

FRONDicuLAJtiA  MAJOR  Bomemaun. 

Plate  III,  fig.  3. 
Fnmdicularia  major  Bomemann,  1854;  Liasfonu,  Gottingen,  p.  36,  PI.  Ill,  figs.  21  a-c. 

Test  smooth,  compressed,  somewhat  thicker  along  the  median  line, 
thinner  at  the  peripheral  margins,  which  are  neatly  rounded ;  chambers 
varying  from  four  to  nine;  some\^hat  convex  forward ;  septal  lines  dis- 
tinct;  posterior  margin  obtusely  rounded;  anterior  acuminate;  aper- 
ture a  central  radiate  opening.  ^ 

Length,  1-4  mm.;  breadth,  1.6  mm. 

Locality. — Eancocas  formation,  Vincentown,  New  Jersey. 

Geological  distribution. — Lias  to  Cretaceous. 

Frondicularia  ovata  Hoemer. 

Plate  II,  figs.  4a,  5b  (bottom  forms),  and  Plate  IV,  figs.  2a,  2b. 
Frondicularia  ovata  Roemer,  1840;  Verstein,  norddeutsch.  Kreid.,  p.  90,  PI.  XV,  fig.  9, 

Test  ovate,  complanate,  smooth;  consisting  of  a  small  number  of 
parallel  chambers,  which  are  distinct  and  marked  very  slightlj'^  at  the 
lower  peripheral  edges  by  the  septal  endings;  primordial  chamber 
flat,  basal;  ultimate  chamber  large,  slightly  prolonged  into  the  rounded 
aperture;  peripheral  margins  rather  squarely  set  off. 

Length,  9.82  mm. 

Locality. — Matawan  formation,  Marshalltown,  New  Jersey ;  Rancocas 
formation,  Yincentown,  New  Jersey. 

Geological  distribution. — ^Cretaceous. 

Frondicularia  pulohella  Karrer. 

JFrondieulariapulchellaKBTTeTf  1870;  Jahrb.  k.  k.  geol.  Reichsanstalt,  Vol.  XX,  p.  171, 
PI.  1,  fig.  8. 

Test  largej  elongated,  complanate;  surface  smooth,  marked  by  rather 
3069 i 
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distinct  septal  lines,  which  separate  the  narrow,  extended,  parallel 
chambers;  greatest  width  near  the  middle  of  the  shell,  thence  taper- 
ing rather  sharply  toward  both  extremities,  but  the  lower  portion 
slightly  incurved,  while  the  anterior  end  is  slightly  outcurved,  though 
not  markedly  so;  primordial  segment  lost. 

Length,  about  5  mm.;  breadth  (central),  1.8  mm. 

Locality, — ^Matawan  formation,  Marshalltown,  New  Jersey. 

Geological  distribution, — Cretaceous. 

Frondioularia  reticulata  (Eeuss). 

Plate  III,  fig.  6. 

FUihellina  reticulata  ReuH6,  1850;  Haidiuger'a  Nut.  Abhaodl.,  Vol.  I V,  pt.  1,  p.  30,  PI. 
I,  fig.  22. 

Test  thin,  leaf  like,  broad  at  the  center,  but  taperiiig  rapidly  toward 
the  oral  end;  consisting  of  ten  rather  narrow,  elongated  chambers,  the 
surfaces  of  which  are  marked  transversely  by  numerous  delicate  cost^, 
which  run  from  septum  to  septum,  and  completely  cover  the  whole 
form  like  a  network;  primordial  chamber  nearly  circular,  but  not  ele- 
vated, very  slightly  eccentric,  yet  not  enough  to  justify  its  being  placed 
among  flabelline  types.  '    . 

Length,  0.87  mm. ;  greatest  breadth,  0.88  mm. 

Locality, — Monmouth  formation,  Freehold,  Kew  Jersey. 

Geological  distributian. — Cretaceous. 

This  is  one  of  the  most  beautiful  of  all  Irondicularians,  and  is  at  the 
same  time  exceedingly  rare.  We  have  only  one  specimen  from  the 
Lower  Marl  at  Freehold,  and  it  is  interesting  to  note  that  Professor 
Eeuss  records  the  single  occurrence  of  a  perfect  specimen  frt)m  the 
Kreidemergel  of  Lemberg. 

Frondioularia  verneuilina  d'Orbigny. 

Frondioularia  vemeuilinad'Orhigny,  1840;  M6m.  Soc.  g6ol.  lYanco,  ser.  1,  Vol.  IV,  p. 
20,  PL  I.,  figs.  32,  33. 

Test  elongate  elliptical ;  peripheral  margins  gracefully  curved,  broad- 
est near  the  center,  not  compressed  laterally  as  much  as  most  Frondic- 
ularia;  chambers  relatively  large,  few;  primordial  segment  globose, 
costate,  mucronate,  distinctly  set  off  from  the  succeeding  chamber; 
ultimate  chamber  prolonged  into  a  tubular  neck,  which  carries  the  little 
round  aperture. 

Length,  1.5  mm. 

Locality, — Matawan  formation,  Marshalltown,  New  Jersey. 

Geological  distribution, — Cretaceous. 
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Genus  RHABDOGONIUM  Reuss. 

RHABDOGONIUM  SOEMERI   ReUSS. 

Ukabdogonium.  roemeri  Reussy  1860;  Sitz.  Akad.  WisB.  Wieu.,  Vol.  XL,  p.  201,  PI.  VI, 
fig.  7. 

Test  coarsely  arettaceous,  partly  comi>osed  of  glauconite  grains, 
elongate,  straight,  or  slightly  bent,  sharply  triangular,  obtusely 
rounded  and  slightly  angular  at  the  ends;  peripheral  margin  curved, 
sharp;  chambers  few  in  number,  usually  six,  short,  separated  by 
arched  depressed  septa;  ai>erture  elliptical,  x)laced  centrally  at  the 
distal  end. 

Length,  1.5  mm. 

Locality, — Matawau  formation.  Freehold,  New  Jersey. 

Oeologiciil  distribution. — Cretaceous. 

RHABDOGONIUM   TEK.'ARINATUM  (d'OrbigUy). 

VaginuUna  tricarinata  d'Orbiguy,  1826;  Ann.  Sci.  Nat.,  Vol.  VII,  p.  258,  No.  4 ;  Modele, 

No.  4. 
Bhabdogonium  pyramidale  K»neT,li^l;  Sitz.  Akad.  Wiss.  Wien,  Vol.  XVI,  p.  19,  PI.  I, 

fig.  34. 
Shabdogimium  iricannatum   Brady,  1884 ;  Chal.  Kept.,  Vol.  IX,  p.  525,  PI.  LXVII, 

figs.  1-3. 

Test  triangular,  elongated  and  gradually  tapering  toward  both 
extremities;  peripheral  margins  sharp,  becoming  slightly  twisted 
below;  anterior  end  prolonged  into  a  tube-like  neck;  chambers  about 
ten,  narrow,  arched,  and  separated  by  curved  septa;  aperture  rotund. 

Length,  2.G  mm. 

Locality. — Rancocas  formation,  Brownsville,  New  Jersey. 

Geological  distribution. — Cretaceous  to  Recent. 

RHABDOGONIUM  TRIOABINATUM  Var.   AOUTANGULITVI   ReuSS. 

Khahdoganium  trioarinatum  var.  acutangulum  Reufw,  1862  (1863);   Sitz.  Akad.  Wias. 
Wien,  Vol.  XLVI,  Abth.  1,  p.  55,  PI.  IV,  fig.  14,  a,  b. 

Test  small,  trihedral,  coarsely  arenaceous;  the  three  marginal  angles 
sharp  and  distinct;  chambers  few,  short,  separated  by  somewhat 
arched  septa,  not  very  distinct  externally;  primordial  end  sharp,  ante- 
rior obtusely  angular;  aperture  triangular,  with  incurved  lateral  edges. 

Length,  1.73  mm. 

Locality. — Matawan  formation,  Marshalltown,  New  Jersey. 

Geological  distribution, — Cretaceous. 

Genus  MARGINULINA  d'Orbigny. 
Mabginulina  ensis  Reuss. 

MarginuUna  ensU  Rense,  1845-46;  Verstein.bohm.  Kreide,pt.  1,  p.  29,  PI.  XII,  fig.  13; 

PI.  XUI,  figs.  26, 27 ;  pt.  2,  p.  106,  PI,  XXIV,  fig.  30. 
Kodoaaria  communis  Woodward,  1894 ;  Jour.  N.  Y.  Microsc.  Soc,  Vol.  X,  No.  4,  p.  103. 

Test  elongate,  moderately  compressed,  oval  or  elliptical  in  trans- 
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verse  section;  shell  variable  in  outline,  either  nearly  straight  through- 
out its  whole  length  or  incurved;  septa  very  slightly  oblique,  directed 
toward  the  primordial  chamber,  apparent  externally  as  ridges;  proxi- 
mal chambers  more  involute  than  in  MarginuUna  elongata;  chambers 
numerous,  apparent  externally ;  ultimate  chamber  somewhat  prolonged, 
and  ending  posteriorly  in  a  short  tube;  aperture  rotund,  with  crenu- 
lated  margin. 

Length. — 1.3, 1.73  mm.;  breadth,  0.43  mm. 

Locality. — Monmouth  formation,  Bruere's  pits  on  Orosswicks  Creek; 
liancocas  formation,  Blue  Ball,  Mullica  Hill,  New  Egypt,  New  Jersey. 

Geological  distribution. — Cretaceous. 

Professor  Sherborn  prefers  to  change  the  word  Marginulina  to  Cris- 
tellaria  for  this  species,  thus  making  it  Cristellaria  ensis  (Reuss).  The 
writer  prefers  to  leave  it  under  the  original  name  of  Professor  Beuss. 

Marginulina  pediformis  Bornemann. 

Marginulina  pediformis  Bornemann^  1865;  Zeitsch.  d.  geol.  GeseU.,  Vol.  YII.  p.  326,  PI. 

XIII,  fig.  13. 
Marginulina  pedum  d'Orbigny,  1846 ;  Foram.  Fobs.  Bassin  t«rt.  Vienne,  p.  68,  PL  III, 

figs.  13, 14. 

Test  smooth,  shorty  circular  in  transverse  section ;  consisting  of  about 
six  chambers,  of  which  the  first  two  or  three  are  inrolled  and  rounded 
at  the  base;  segments  becoming  more  definite  above;  ultimate  cham- 
ber largest  and  slightly  prolonged;  aperture  small,  rotund,  crenulate; 
septa  depressed,  slightly  oblique,  though  not  markedly  so. 

Length,  1  mm. 

Locality. — Matawan  formation.  Marsh alltown,  New  Jersey. 

Geological  distribution. — Cretaceous,  Tertiary. 

Marginulina.  trilobata  d'Orbigny. 

Marginulina  irilohaia  d'Orbigny,  1840;  M^m.  Soc.  gdol.  France,  ser.  1,  Vol.  IV,  p.  16, 
PI.  I,  figs.  16, 17. 

Test  elongate,  smooth,  and  glistening,  compressed  laterally,  slightly 
arcuate  at  the  primordial  end;  somewhat  tapering;  chambers  short, 
oval,  regular,  numerous,  ten  to  sixteen,  slightly  constricted;  surface 
marked  by  small,  distinct,  elliptical  ridges,  giving  the  form  a  peculiar 
trilobed  appearance,  whence  its  name;  primordial  chamber  small, 
nearly  spherical;  septal  lines  depressed;  aperture  small,  radiate. 

Length,  4  mm.  in  large  specimens;  breadth,  0.6 mm. 

Locality. — Matawan  formation,  Marshalltown,  New  Jersey;  Mon- 
mouth formation,  Freehold,  New  Jersey. 

Geological  distribution. — Cretaceous. 
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Genus  VAGINULINA  d'Orbigny. 

VAGINULINA  LBGUMKN  (Linne). 

Plate  IV,  fig.  4. 

XaHtilus  legumen  Linn6, 1758;  Syst.  Nat.,  tenth  ed.,  p.  711,  No.  248;  1767,  twelfth  e<l., 

p.llW,No.288. 
roffinnUna  legumen  Terrigl,  1891 ;  Meinoire  R.  Coin.  g.  Regno,  Vol.  IV,  pt.  1,  p.  94,  PI. 

Ill,  fig.  6. 

Test  straight  or  nearly  so,  smooth,  compressed  laterally,  pod-like; 
coosistiug  of  only  six  or  seven  chambers ;  septa  nonlimbate,  oblique, 
parallel,  not  very  distinct  externally;  ultimate  chamber  slightly  pro- 
longed upon  one  side  and  carrying  the  small  Yadiate  aperture. 

Ijeugth,1.3  mm;  breadth, 0.47  mm. 

Locality. — Matawan  formation,  Marshalltown,  New  Jersey;  Eancocas 
formation,  Vincentown,  New  Egypt,  Mullica  Hill,  New  Jersey. 

Geological  distribution. — ^Trias  to  Becent. 

The  above  species  has  been  lately  described  from  the  Alabama  chalk 
by  Dr.  Woodward.  It  is  a  beautiful  little  shell,  of  snow-white  color, 
and  is  rather  rare, 

VAGINULINA  STBIGILLATA  EeuSS. 

Plate  IV,  fig.  3. 

CUharina  aiHgillata  ReuB8,  1845-46;  Veratein.  bohm.  Kreide,  pt.  2,  p.  106,  PI.  XXIV, 

fig.  29. 
Vaginulina  9trigillata  and  var.  Jones  and  Parker,  1860;  Qnart.Jonr.  Geol.  Soc,  Vol. 

XVI,  PI.  XX,  figs.  29-35. 

Test  complanate,  leaf-like,  very  large,  roughly  triangular;  surface 
smooth,  marked  by  slightly  elevated  septal  lines;  chambers  numer- 
ous, often  as  many  as  twenty-five,  narrow,  parallel,  slightly  oblique, 
becoming  constricted  toward  the  curved  margin  and  passing  rapidly 
downward  toward  the  proximal  cud,  where  the  septal  lines  finally 
appear  only  as  fine  ridges.  As  a  result  of  this  constriction  of  the 
chambers  at  the  curved  margin,  transverse  sections  show  only  four  or 
five  chambers.  Along  the  straight  edge  run  three  elevated,  rounded 
costce,  with  sometimes  one  or  two  smaller  ones  between.  The  latter, 
however,  do  not  extend  the  whole  length  of  the  shell  as  do  the 
ridges.  Septal  lines  distinct,  slightly  crenate,  becoming  much  thickened 
toward  the  straight  edge  of  the  shell;  primordial  chamber  oval,  ele- 
vated, slightly  mucronate,  covered  by  numerous  cost«e. 

Length,  3-9  mm;  breadth,  2.3  mm. 

Locality. — Monmouth  formation.  Freehold,  New  Jersey. 

Geological  distribution. — Cretaceous. 

This  species  is  very  common  in  the  lower  marl  of  Freehold,  but  I 
have  not  found  it  elsewhere. 
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ORISTELLAEIA  Xamarck. 
Oristellaria  aoutauricularis  (Ficbtel  and  Moll). 

Nautilus  acHiauHcuJarU  Fichtel  and  Moll,  1803;  Test.  Micros.,  p.  102,  PL  XVIII; 

figs,  g^, 
Criatellaria  navicula  d'Orbigny,  1840;  Mi^m.  Soc.  g^'ol.  France,  Vol.  IV,  ser.  1,  p.  27, 

PI.  II,  figs.  19,  20. 
CHsiellaria  acutauricularis  Brady,  1884;  Glial.  Rept.,  Vol.  IX,  p.  .543,  PI.  CXIV,  fig. 

17  a,  6. 

Test  involute,  thick,  convex,  smooth ;  septa,!  plane  broad,  triangular, 
nearly  flat;  chambers  seven  or  eight,  weakly  curved;  keel  acute  carl- 
nate;  aperture  nipple-shaped,  situated  at  the  extremity  of  the  convex 
side. 

Length,  1.43  mm.;  breadth,  0.65  mm. 

Locality, — Rancocas  formation,  Timber  Creek,  Vincentown,  New 
Jersey. 

Geological  di8tribution.-^Jj\Q,H  (?),  Cretaceous  io  Becent. 

Cristbllaria  articulata  (Reuss). 

Rohulina  articulata  Reuss,  1863;  Sitz.  Akad.  Wiss.  Wien,  Vol.  XLVIII,  p.  53,  PL  V, 

fig.  62. 
CrUtellaria  articulata  Brady,  1884;  Chal.  Rept.,  Vol.  IX,  p.  547,  PL  LXIX,  figs.  10-12, 

also  1-4. 

Test  nearly  circular,  smooth,  thickened,  flattened  at  the  sides; 
obtusely  angular  peripheral  margin;  chambers  six  or  seven,  broadly 
triangular,  separated  by  depressed  septa;  aperture  oval,  surrounded 
by  a  Assured  border. 

Diameter,  1.3  mm. 

Locality, — Rancocas  formation,  Vincentown,  Mullica  Hill,  Timber 
Creek,  New  Jersey. 

Geological  distribution, — Cretaceous  to  Recent. 

Professor  Brady  considers  this  species  a  thick  variety  of  Criatellaria 
rotulata, 

Cristellabia  cassis  (Fichtel  and  Moll). 

NauHlM  cassis  Fichtel  and  Moll,  1798;  Test.  Micros.,  p.  95,  var.  a,  PL  XVII,  fig.  a-d; 

var.  /?,  PL  XVII,  fig.  e-g;  var.  r,  PL  XVII,  figs,  ^-t;  var.  5,  PL  XVII,  figs,  it,  /; 

var.  £,  PL  XVIII,  figs.  a-c. 
CHstellaria  cassis  Brady.  1884;  Chal.  Rept.,  Vol.  IX,  p.  552,  PL  LXVTII,  fig.  10. 

Test  very  large,  complanate,  elongate  oval,  distinctly  carinate;  cham- 
bers irregular,  ten  to  fifteen  in  final  volution ;  septa  distinct,  arcuate, 
depressed;  aperture  oval  with  crenulated  margin. 

Length,  4.3-4.56  mm.;  breadth,  3-4  mm. 

Locality. — Rancocas  formation,  Vincentown,  Brownsville,  New  Egypt, 
etc.,  Kew  Jersey. 

Geological  distribution, — Cretaceous  to  Recent. 
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Cbistellabia  crepiditla  (Fichtel  and  Moll). 

HauiilM  crepidula  Fichtel  and  Moll,  1803;  Test  Micros.,  p.  107,  PI.  XIX,  figs.  g-i. 
Cristellaria  crepidula  d'Orbtgny,  1839;  Foram.  Cuba.  p.  64,  PI.  VIII,  figs.  17,  18. 

Test  eloDgate,  arcuate,  smooth,  compressed,  pellucid;  chambers  ten 
to  twelve,  oblique,  separated  by  slightly  convex  walls;  i>08terior  cham- 
bers involute,  anterior  chambers  evolute;  aperture  rotund,  slightly 
crenate. 

Length,  0.7  mm;  breadth,  0.26  mm. 

Locality. — Rancoca«formation,yincentown,  MullicaHill,  New  Jersey. 

Geological  distribution. — Lias  to  Recent. 

The  above  form  is  not  a  common  species.  Our  specimens  are  similar 
in  shape  to  Cristellaria  intermedia  Eeuss,  which  is  considered  as  iden- 
tical with  the  above  by  l*rofessor  Brady. 

Cbistellaria  obrtaoea  Bagg. 

Plate  V,  figs.  2a,  2b. 

Test  complanate,  smooth,  elongate,  oval,  resembling  Cristellaria 
cassis  in  general  contour,  but  differing  from  that  species  in  the  absence 
of  the  marginal  keel;  margin  rounded;  chamber?  numerous,  about 
twelve  in  final  convolution,  narrow,  elongated;  septa  distinct,  convex; 
ultimate  chamber  truncate,  anterior  margin  straight;  aperture  small, 
narrow  elliptical,  with'  crenulated  margin. 

Length,  4.3  mm. ;  breadth,  3  mm. 

Locality. — Bancocas  formation,  Vincentown,  New  Jersey.    Common. 

Geological  distribution. — Cretaceous. 

The  above  species  is  less  elongated  than  Cristellaria  projecta^  which 
it  resembles  closely. 

These  two  forms,  together  with  Cristellaria  cassis j  are  rather  abundant 
at  Vincentown,  and  all  attain  an  enormous  sizQ  for  the  type. 

Cristellaria  cultrata  (Montfort). 

Plate  VI,  fig.  1. 

Bohulus  ouUraius  Montfort,  1808;  Conch.  Syst.,  Vol.  I,  p.  214,  54«  genre. 
Bohulina  cultrata  d'Orbigny,  1846;  Fornni.  Foss.  Bassin  tert.  Vienna,  p.  96,  PI.  IV, 
figs.  10-13. 

Test  circular,  biconvex,  smooth  and  glistening,  peripheral  margin 
sharp,  broadly  keeled;  chambers  seven  to  eleven,  in  final  convolution, 
somewhat  convex,  smooth  or  costate;  aperture  radiate. 

Diameter,  1-2  mm. 

Locality. — Monmonth  formation.  Freehold,  Bruere's  pits,  on  Cross- 
wicks  Creeky  Marlboro,  New  Jersey;  Bancocas  formation,  Mullica  Hill, 
New  Egypt,  Swedesboro,  Timber  Creek,  New  Jersey. 

Geological  distribution. — Cretaceous  to  Recent, 
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Tills  species  is  commou  at  Freehold  and  is  beaatifully  preserved. 
The  width  of  the  marginal  keel  is  variable,  as  is  also  the  number  of 
chambers.  It  is  similar  to  Cristellaria  roiulata^  with  the  addition  of 
the  keel.  Specimens  of  Cristellaria  cultrata  from  New  Egypt  and 
Swedesboro  are  not  smooth,  as  in  typical  forms,  bat  are  marked  exter- 
nally by  raised  septa. 

Cbistellabia  gibba  d'Orbigny. 

CrUiellaria  gihba  d'Orbigny,  1839;  Foram.  Cuba,  p.  63,  PI.  VII,  figs.  20, 21. 

Test  oblong,  biconvex,  smooth,  sabcarinate,  narrow;  chambers  few 
(seven  or  eight),  slightly  arcuate,  separated  by  distinct  septa;  apertare 
marginate. 

Length,  1.3  mm.;  breadth,  0.87  mm. 

Locality, — liancocas  formation,  Yincentowu,  Mullica  Hill,  Timber 
Creek,  New  Jersey. 

Geological  distribution, — Cretaceous  to  Beceut. 

Cbistellabia  italica  (Defrance). 

Plato  IV,  figs.  5a,  5b. 

Sarecenaria  italica  Defrance,  1824;  Diet.  Sci.  Nat.,  Vol.  XXXII,  p.  177;  Vol.  XLVII, 

p.  344 ;  Atlas  Conch.,  Pl.  XIII,  fig.  6. 
CriatellaHa  italica,  Brady,  1884;  Chal.  Kept.,  Vol.  IX,  ]>.  544,  Pl.  LXVIII,  figs.  17, 18, 

20-23. 

Test  elongate,  trihedral,  planospiral  segments  few,  succeeding  cham- 
bers five  or  six,  arranged  in  a  nearly  straight  superimposed  series; 
dorsal  margin  sharp,  noncarinate;  transverse  section  triangular,  seg- 
ments short,  slightly  oblique,  inclined  anteriorly  toward  initial  end. 

Length,  1  mm. 

Locality. — Rancocas  formation,  Swedesboro,  Blue  Ball,  Mullica  Hill, 
New  Jersey. . 

Geological  distribution. — Cretaceous  to  Recent. 

This  is  not  a  common  species.  It  bears  some  resemblance  to  Cristel- 
laria  acutatiricularisy  but  is  more  elongate,  and  the  anterior  edge  is 
more  erect.  Another  species,  closely  allied  to  the  above  form,  is 
Marginulina  triangularis  d'Orbigny.* 

Cbistellaria  mamilligera  Karrer. 

Cristellaria  mamilligera  Karrer,  1864;  Novara  Exped.  Gool.,  Vol.  I,  pt.  2,  p.  76,  Pl. 

XVI,  fig.  5. 
Crielellaria  mamilligera  Brady,  1884 ;  Cbal.  Kept.,  Vol.  IX,  p.  553,  Pl.  LXX,  figs.  17, 18. 

Test  complanate,  nearly  circular;  anterior  margin  truncate,  posterior 
margin  slightly  carinate;  surface  ornamented  with  a  number  of  large 
raised  ridges  and  tubercles  in  the  umbilical  region;  septa  depressed, 
the  depressions  partially  filled  by  exogenous  material  which  forms  the 


>  Foram.  Tom.  Baiwin  tort.  Vienne,  1849.  p.  71,  Pl.  lU,  fi|(s.  22, 23. 

Digitized  by  LjOOQIC 


BAoo]  CBI8TELLARIA.  57 

ridges;  chambers  large,  slightly  arcuate,  eight  or  nine  in  the  final  con- 
volntion;  septal  plane  narrow,  sarrouncled  by  a  definite  border;  aper- 
tare  an  elongate-oval  opening  surrounded  by  a  crenulated  margin. 

Diameter,  1.74  mm. 

Locality. — Bancocas  formation.  Blue  Ball,  New  Jersey. 

Geological  distribution. — Oretaceous  to  Recent. 

This  species  is  very  rare  in  the  green  marl  of  Blue  Ball,  and  has  not 
been  recognized  elsewhere. 

Gristellabia  megapolitana  Reuss. 

i^^ifltiia  Megapolitana  Reass,  1855;  Zeits.  d.  geol.  GeselL,  Vol.  VII,  p.  272,  PI.  IX, 
fig.  5. 

Test  circular,  compressed,  smooth  and  glistening,  keeled  and  with 
more  or  less  definite  flange.  There  are  seven  or  eight  strongly  curved 
chambers  apparent  externally  as  raised  lines,  which  are  thicker  at 
the  umbilicus,  but  become  attenuated  toward  the  peripheral  margin. 
Umbilical  disk  more  or  less  distinct.  Septal  plane  triangular,  with 
raised  border. 

Length,  1-1.5  mm. 

Locality. — Monmouth  formation.  Freehold,  New  Jersey. 

Geological  distribution. — Cretaceous. 

Cbistellabia  pbojecta  Bagg. 

Plat©  V,  figs,  la,  lb. 

Criitellaria  projeoia  Bagg,  1895 ;  Johna  Hopkins  Uaiv.  Circulars,  No.  121,  October, 
1895. 

Test  greatly  elongated,  complanate,  smooth,  consisting  of  two  and 
one-half  convolutions;  chambers  numerous,  twenty  or  more  in  the 
last  volution,  arcuate,  narrow,  elongate;  ultimate  chamber  nearly  at 
right  angles  to  umbilicus;  margin  rounded;  septal  lines  very  slightly 
depressed;  aperture  elliptical. 

Length,  5.3  mm. ;  breadth,  2.7  mm. 

Locality. — Rancocas  formation,  Yincentown,  New  Jersey. 

Geological  distribution. — Oretaceous. 

This  is  a  rare  form  in  the  lime  sand  at  Yincentown,  and  has  not  been 
found  elsewhere. 

Cbistellabia  botulata  (Lamarck). 

Leniiculites  rotulata  Lamarck,  1804;  Annales  du  Mub.,  Vol.  V,  p.  188,  No.  3. 
Cristellaria  rotulata  d'Orbigny,  ser.  1,  1840;  Mdm.  Soc.  g6ol,  France,  Vol.  IV,  p.  26, 
PI.  II,  figs.  15-18. 

Test  involute,  biconvex,  smooth;  peripheral  edge  sharp,  noncarinate; 
chambers  numerous,  but  only  eight  or  nine  in  final  solution;  septa 
moderately  curved,  visible  externally  as  fine  lines;  aperture  elliptical, 
radiate. 
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Diameter,  1-2  mm. 

Locality. — Rancocas  formation,  Vincentown,  Blue  Ball,  New  Bgjpty 
Mullica  Uill,  Timber  Greek,  etc.,  New  Jersey;  Manasqaan  formation, 
Vincentown,  Kew  Jersey. 

Geological  distribution, — ^Triassic  to  Recent. 

This  is  one  of  the  most  common  forms  in  the  lime-sand  bed,  and  is 
especially  plentiful  at  Vincentown.  The  size  of  the  shell  is  very  varia- 
ble, some  of  the  largest  specimens  being  more  than  2  millimeters  in 
diameter. 

Gristellaria  seoans  Reuss. 

Cri8tellaria  aecans  Reuse,  1859  (1860)  j  Sitz.  Akad.  Wisa.  Wien,  Vol.  XL,  p.  214,  PL 
IX,  fig.  7. 

Test  circular,  laterally  compressed,  sharply  keeled  on  the  peripheral 
margin;  umbilical  disc  prominent  and  septa  radiating  from  this  in 
geutly  curving  lines;  about  ten  small  triangular  chambers  in  the  last 
convolution. 

Diameter,  1.5  mm. 

Locality, — Monmouth  formation.  Freehold,  New  Jersey. 

Geological  distribution, — Cretaceous. 

Gristellaria  trachyomphala  (Reuss). 

Rohulina  trachyomphala  ReiiSH,  1850;  Haidinger's  Nat.  Abhandl.,  Vol.  IV,  pt.  1,  p.  34, 
PI.  Ill  (error  for  II),  fig.  12. 

Test  rounded,  compressed,  with  angular  periphery;  umbilical  disc 
raised,  nearly  round,  more  marked  in  some  forms  than  in  others; 
septal  lines  distinct,  convex.  There  are  from  eight  to  ten  chambers 
in  the  last  whorl.  Aperture  a  triangular-shaped  opening  surrounded 
by  a  raised  crenulated  margin  at  the  external  edge  of  the  ultimate 
segment. 

Diameter,  0.86-1.3  mm. 

Locality. — Rancocas  formation,  Blue  Ball,  New  Jersey. 

Geological  distribution. — Cretaceous. 

Gristellaria  triangularis  d'Orbigny. 

CrUtellaria  triangularis  d'C^rbigny,  1840;  M6m.  Soc.  gdol.  France,  ner.  1,  VoL  IV,  p.  27, 

PI.  II,  figs.  21, 22. 
Cristellaria  triangularis  Reuss,  1845-46 ;  Verstein.  bohm.  Kreide,  pt.  1,  p.  34,  PI.  VIII, 

fig.  48. 

Test  triangular,  very  convex,  smooth;  periphery  sharply  carinate; 
lateral  surfaces  somewhat  concave;  chambers  few,  six  or  seven,  large, 
evolute,  superposed;  septa  oblique,  very  slightly  convex  anteriorly; 
septal  plane  browlly  triangular;  aperture  radiate. 

Length,  1  mm. 

Locality. — Monmouth  formation,  Freehold,  New  Jersey, 
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Geological  distribution, — Cretaceous. 

The  occurrence  of  this  species  from  the  craie  blanche  of  the  Paris 
basin,  France,  was  recorded  by  d'Orbiguy  as  early  as  1840.  I  have 
found  but  two  specimens  in  the  lower  marl  of  Freehold. 

Cbistellabia  wethebellii  (Jones). 

Marginulina  wetheretlii  Jones,  1854 ;  Morris  Catalogue,  Brit.  Foss.,  ed.  2,  p.  37. 
Cr'utellaria  wetherlsllH  Brady,  1884 ;  Chal.  Kept.,  Vol.  IX,  p.  537,  PI.  (;XIV,  fig.  14. 

Test  elongate,  pod-like,  compressed;  primordial  segments  spiral,  ulti- 
mate segments  straight,  evolute;  surface  marked  by  large  tubercles 
more  or  less  regular  and  crossing  the  shell  surface  like  septal  ridges; 
aperture  round,  at  the  end  of  a  somewhat  prolonged  neck. 

Length,  1.66  mm. ;  breadth,  0.5  mm. 

Locality. — Bancocas  formation,  Vincentown,  Mullica  Hill,  Timber 
Creek,  New  Jersey. 

Geological  distribution, — Cretaceous  to  Recent. 

The  above  species  is  rare  at  Vincentown.  Dr.  Woodward  states  that 
it  is  rare  at  Mullica  Hill,  but  common  at  Timber  Creek. 

Genus  FLABELLINA  d'Orbigny. 

Flabbllina  cobdata  Reuss. 

Flahellina  cordata  ReuBS ;  Verstein.  bohm,  Kreide,  pt.  1,  p.  32,  PL  VIII,  figs.  37-46, 78. 
FlaheUina  C4>rdata  Reuss,  1&54;  Denks.  Akad.  Wiss.  Wien,  Vol.  VII,  p.  67,  PI.  XXV, 
figs.  6-8. 

Test  broadly  ovate  or  heart-shaped,  coraplanate,  with  numerous 
narrow,  elongated  chambers;  primordial  chamber  somewhat  elevated 
and  more  or  less  globular,  succeeding  chambers  at  first  flabelline,  later 
Frondicularia-like;  anterior  extremity  wedge-like  with  gently  curving 
sides,  posterior  border  much  wider  than  in  Flabellina  sa^gittaria  and 
differing  from  that  species  in  the  irregularity  of  the  basal  margin 
caused  by  the  extension  of  the  primordial  chamber;  surface  of  test 
smooth  and  glistening;  aperture  a  small  radiate,  terminal  opening. 

Length,  1.8-4  mm. 

Locality, — Bancocas  formation,  Vincentown,  Brownsville,  New  Jersey. 

Geological  distribution. — Cretaceous.     - 

Flabellina  sagittabia  (Lea). 

Plat6  IV,  figs,  la,  lb. 

Palmula  sagiiiaria  Lea,  1833 ;  Contributions  to  Geol.,  pp.  219-220,  PI.  VI,  fig.  228. 
Planularia  cuneata  Morton,  1842;  Jour.  Acad.  Nat.  Sci.,  Philadelphia,  Vol.  VIII,  pt.  2, 
p.  214,  PI.  XI,  fig.  5. 

Test  complanate,  broadly  elliptical  (sometimes  rather  narrow  and 
more  elongate),  occasionally  slightly  convex  along  the  median  line, 
while  the  opposite  side  is  concave,  though  in  typical  specimens  both 
surfaces   are  flat;    septa    distinct,  forming  a  sharp   median  angle; 
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chambers  naiuerous,  the  number  dependent  somewhat  upon  the  size  of 
the  individual;  peripheral  margins  moderately  rounded;  primordial 
chamber  bulbous,  mucronate,  or  more  usually  smooth;  surface  smooth 
and  glistening;  aperture  typically  mammillate,  though  frequently  the 
shell  is  worn  or  broken  off  so  that  a  round  opening  appears. 

Length,  1-9  mm.;  breadth,  1-4.3  mm. 

Locality. — Eancocas  formation,  Vincentown,  Blue  Ball,  New  Egypt, 
Brownsville,  etc.,  New  Jersey. 

Geological  distribution. — Cretaceous. 

This  species  is  one  of  the  most  common  forms  at  Vincentown.  It  is 
very  variable  in  size  and  shape  and  is  found  in  all  stages  of  growth. 
As  has  been  previously  stated,  it  was  the  first  Foraminifera  to  be 
described  from  the  New  Jersey  greensands.    (Lea,  loc.  cit.) 

Siabfainily  I>OIL.Y]VrORI»III]SriN-JES. 

Genus  POLYMORPHINA  d'Orbigny. 

POLYMORPHINA  GOMPRESSA  d'OrbigUy. 

Polymorphina  compressa  d'Orbigny,  1846;  Foram.  Fobs.  Bassin  tert.  Vienne,  p.  233, 
PI.  XII,  tigs.  32-34. 

Test  obloiig,  compressed,  inequilateral;  chambers  numerous,  ar- 
ranged biserially,  somewhat  inflated;  septal  lines  depressed,  surface 
smooth;  aperture  variable,  usually  simple,  circular,  and  coronate, 
sometimes  labyrinthic  or  porous. 

Length,  3  mm.  in  large  specimens. 

Locality. — Bancocas  formation,  Vincentown,  New  Jersey. 

Geological  distribution. — Lias  to  Recent. 

POLYMORPHINA  COMMITNIS  (d'Orbiguy), 

Plate  VI,  fig.  2. 

Gutiulina  communis  d'Orbigny,  1826 ;  Ann.Sci.Nat.,  Vol.  VII,p.286>  PI.  XII,fig8.1-4; 

Modeles,  No.  62. 
Polymorphina  communie,  Brady,  Parker,  and  Jones,  1870;  Trans.  Linn.  Soc,  London, 

Vol.  XXVII,  p.  224,  PI.  XXXIX,  fig.  10  a  b. 

Test  irregularly  ovoidal,  or  egg-shaped,  consisting  of  about  four 
visible  segments;  anterior  extremity  acute;  posterior  obtuse;  surface 
smooth,  with  distinct  septal  depressions;  chambers  inflated,  elliptical^ 
embracing;  aperture  mammillate. 

Length,  1.3-1.4  mm. ;  breadth,  1-1.3  mm. 

Locality. — Eancocas  formation,Yinceutown,  New  Jersey.    Common. 

Geological  distribution. — Lias  to  Eecent. 

POLYMORPHINA  EMEBSONI  n.  Sp. 
Plate  VI,  fig.  3. 

Test  elongate  oval,  oval  end  acute,  posterior  obtusely  rounded;  sur- 
face of  test  covered  completely  by  flue  longitudinal  costae;  chambers 
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two,  elongated,  oblique,  separated  by  nearly  straight  septa  slightly 
marked  near  the  posterior  end  and  depressed  at  the  peripheral  margin; 
apertore  rotund. 

Length,  1.9  mm. 

Locality. — Monmouth  formation,  Freehold,  New  Jersey. 

Geological  distribution, — Cretaceous. 

This  is  a  very  rare  species,  and  has  only  been  obtained  in  the  lower 
marl  of  Freehold.    I  have  named  it  after  Prof.  B.  K.  p]merson. 

PoLYMOBPHiNA  GiBBA  (d'Orbiguy). 

Glchulina  gibha d'Orbigny,  1826 ;  Ann.  Sci.  Nat.,  Vol.  VII,  p.  266,  No.  20 ;  MoclMe  No.  63. 
Polymarphina  gibba  Brady,  Parker,  and  Jones,  1870;  Trans.  Linn.  Soc.  London,  ^'ol. 
XXVII,  p.  216,  PL  XXXIX,  fig  2  a-<l. 

Test  subglobular,  apex  slightly  produced,  base  obtusely  rounded; 
consisting  of  from  two  to  four  chambers,  compactly  joineil  and  overlap- 
ping; surface  smooth,  unmarked  by  septal  constrictions;  septa  visi- 
ble as  delicate,  oblique  lines,  laterally  very  slightly  compressed,  though 
usually  nearly  circular  in  transverse  section;  shell  larger  than 
Folymorphina  lactea,  less  elongated  toward  the  apex;  aperture 
mammillate. 

Diameter,  0.5-1.17  mm. 

Locality. — Monmouth  formation.  Freehold,  New  Jersey  j  Kancocas 
formation,  Vincentown,  New  Jersey. 

Geological  distribution. — Jurassic  to  Recent. 

POLYMOBPHINA  LAOTEA  (Walker  and  Jacob). 

Serpula  lactea  Walker  and  Jacob,  1798  (fide  Kanmacher) ;  Adams's  Essays,  second 

ed.,  p.  634,  PL  XXIV,  fig.  4. 
Polymorphina  lactea  Brady,  1884;  ChaL  Kept.,  Vol.  IX,  p.  559,  PL  LXXI,  fig  11  (typi- 

cal),  PL  LXXII,  fig.  14  (variety). 

Test  ovate  or  subpyriform,  only  slightly  compressed;  three  or  four 
chambers,  scarcely  visible  externally;  aperture  terminal,  radiate. 

Diameter,  0.87  mm. 

Locality. — Monmouth  formation.  Freehold,  New  Jersey;  Rancocas 
formation,  Vincentown,  Blue  Ball,  New  Egypt,  Timber  Creek,  etc., 
New  Jersey. 

Geological  distribution. — Jurassic  to  Eecent. 

POLYMOBPHINA  LACTEA  elongate  variety  Brady. 

rolymorphina  lactea  elongate  variety  Brady,  1884;  Chal.  Kept.,  VoL  IX,  p.  559,  PI. 
LXXI,  fig.  14. 

Test  similar  to  the  preceding,  but  elongated. 
Length,  1.5  mm.;  breadth,  0.6  mm« 
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Locality. — Eancocas  formation,  Vincentown,  New  Jersey. 
Geological  distribution. — Similar  to  that  of  i)recediDg  form. 

PoLYMOBPHiNA  OBLONGA  d'Orblgny. 

Polymorpkina  oblonga  d'Orbigny,  1846;   Foram.  Foss.  Bassin   tert.  Vienne,  p.  232, 
PI.  XII,  figs.  29-31. 

Test  elougato,  consisting  of  a  small  number  of  oblong  inflated  cham- 
bers separated  by  deep  sutures.  This  feature  separates  it  from  Poly- 
morplmia  lactea  var.  oblonga  Williamson,  which  has  an  oval  compressed 
shell  with  erect  segments  and  flush  sutures. 

Length,  1.43  mm. 

Locality. — Monmouth  formation,  Freehold,  New  Jersey;  Bancocas 
formation.  Timber  Greek,  New  Jersey. 

Geological  distribution. — Cretaceous  to  Recent. 

PoLYMORPHiNA  ORBiGNii  (Zborzewski). 

ApiopterUui  d'orbiynii  Zborzewski,  1834;  Nouv.  M<Sra.  Soc.  Imp.  Nat.  Moscou,  Vol.  Ill, 

p.  311,  PL  XXVIII,  fig.  2  b. 
Folymorphina  orhignii  Parker,  Jones,  and  Brady,  1870;  Trans.  Linn.  Soo.  London, 

Vol.  XXVII,  p.  244,  PI.  XLII,  fig.  38  a-c. 

Test  oval,  with  a  fistulose  base;  surface  of  shell  smooth.  The  tube- 
like projections  are  very  interesting  and  peculiar,  and  are  the  distin- 
guishing feature  of  the  species.  They  surround  the  base  like  a  crown, 
extend  out  irregularly,  and  branch  at  their  distal  ends.  The  figures  of 
this  species  indicate  septal  divisions,  but  these  are  not  discernible 
externally. 

Diameter,  0.87  mm. 

Locality. — Kancocas  formation,  Vincentown,  New  Jersey.' 

Geological  distribution. — Cretaceous  and  Tertiary. 

POLYMOBPHINA   PROBLEMA  (d'OrbigUy). 

Guttulina  prohletna  d'Orbigny,  1826;  Ann.  Soi.  Nat.,  Vol.  VII,  p.  266,  No.  14,  Module 

No.  61. 
Polymorpkina  problema  Brady,  Parker,  and  Jones,  1870;  Trans.  Lmn.  Soc.  London, 

Vol.  XXVII,  p.  225,  PI.  XXXIX,  tig.  11,  a-b. 

Test  oblong  ovate,  composed  of  several  inflated  chambers  (six  in  one 
specimen)  marked  by  strong  septal  depressions.  Very  similar  to  the 
more  abuud9,iit polymorphina  communis,  but  differing  from  that  species 
in  the  greater  number  of  chambers.  Surface  of  shell  smooth ;  aperture 
small,  rotund,  radiate. 

Length,  1  mm.;  breadth,  0.73  mm. 

Locality. — Rancocas  formation,  New  Egypt,  Mullica  Hill,  Timber 
Creek,  New  Jersey.    Common. 
Geological  distribution. — Lias  to  Kecent. 


Digitized  by  LjOOQIC 


BAoo.]  POLYMORPHINA   AND   GLOBIGERINA.  63 

POLYMOBPHINA  BBGULABIS  VOll  Muuster. 

Polifmorphina  regularU  von  Miinster;  1838  (tide  Roemer);  Neaes  Jabrb.  filr  Min.^p. 

385,  PJ.  Ill,  fig.  21. 
Polifmorphina  regulars  Brady,  Parker,  and  Jones,  1870;  Trans.  Linn.  Soo.  London, 

Vol.  XXVII,  p.  229,  PI.  XL,  fig.  13  a-c. 

Test  oblong,  compressed,  biconvex,  narrow  below  but  somewhat 
broader  above;   peripheral  margin  thiu,  rounded;  chambers  four  to 
nine,  oblique;  septal  lines  marked  by  slight  constrictions  visible  exter- 
nally; surface  smooth;  aperture  small,  round,  central,  surrounded  by. 
fine  grooves. 

Length,  1-4  mm.;  greatest  breadth,  1.6  mm. 

Locality. — Bancocas  formation,  Brownsville,  New  Jersey. 

Geological  distribution. — Cretaceous  and  Tertiary. 

Family  GLOBIGERINID^C. 
^  O-eixus  G-I.OBIOlflRIlSrA  crOrbigixy. 

GLOBIGERINA  BULLOiDES  d'Orbiguy. 

Globigerina  bulloidca  d'Orbigny,  1826;  Ann.  Sci.  Nat.,  Vol.  VII,  p.  277,  No.  1,  Modt  le 

No.  17  (young)  and  No.  76. 
GloHgenna  hulUndes  Brady,  1884;  Chal.  Kept.,  Vol.  IX,  p.  693,  PI.  LXXVII,  and  PI. 

LXXIX,  figs.  3-7. 

"  Test  spiral,  subtrochoid ;  superior  surface  convex,  inferior  more  or 
less  convex,  but  with  deeply  sunken  umbilicus,  i)eriphery  rounded, 
lobulated;  adult  specimens  composed  of  about  seven  globose  segments, 
of  which  four  form  the  outer  convolution,  the  apertures  of  the  iudivid 
ual  chambers  opening  independently  into  the  umbilical  vestibule. 
Diameter,  sometimes  one-fortieth  of  an  inch  ^0.63  mm.\  but  oftener 
much  less."    (Brady,  loc.  cit.) 

Locality. — Eaucocas  formation,  Vincentown,  Swedesboro,  New  Jer- 
sey; Manasquan  formation,  Vincentown,  New  Jersey. 

Geological  distribution. — Cretaceous  to  Recent. 

This  species  is  not  uncommon  in  the  lime  sand  at  Vincentown,  but  it 
is  rather  rare  in  the  overlying  Manasquan  marl  beds.  It  is,  however, 
much  larger  in  the  latter,  and  some  specimens  measure  0.4  mm.  in 
diameter. 

GLOBIGERINA  BULLOIDBS  Var.  TRILOBA  KCUSS. 

GloJngwina  triloba  Reusa,  1849;  Denka.  Akad.  Wiss.  Wien,  Vol.  I,  p.  374,  PI.  XL VII, 

fig.  11,  a-e. 
Glohigerina  bulUndee  var.   triloba  Brady,  1884;    Chal.    Rept.,  Vol.   IX,  p.  595,  PI. 

LXXIX,  figs.  1,  2;  PI.  LXXXI,  figs.  2,  3. 

Test  similar  to  Globigerina  bulloides,  but  distinguished  from  the  lat- 
ter by  its  consisting  of  only  three  visible  chambers  in  the  final  convo- 
lution.   The  diameter  of  the  shell  varies  from  0.5  to  1  mm. 
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Locality, — Kancocas  and  Manasqaan  formations,  Yincentown,  New 
Jersey. 

Geological  distribution, — Cretaceous  to  Recent. 

GLOBiaERiNA  CRETACEA  d'Orbigny. 

Glohigerina  cretacea  d'Orbigny,  ISIO;  M^m.  Soc.  g^ol.  France,  ser.  1,  Vol.  lY,  p.  34, 
PI.  Ill,  figs.  12-14. 

Test  rotaliform,  bat  strongly  depressed;  superior  surface  flattened  or 
but  slightly  convex,  inferior  side  depressed  toward  tbe  center  and 
excavated  at  the  umbilicus;  periphery  obtuse  and  lobulated;  shell 
typically  composed  of  three  fairly  distinct  convolutions,  the  out(>rmost 
consisting  of  from  five  to  seven  segments,  the  latter  relatively  small, 
snbglobular;  aperture  opening  into  the  umbilical  vestibule. 

Diameter,  less  than  1™"'. 

Locality, — Monmouth  formation,  Freehold,  New  Jersey;  Bancocas 
formation,  Quinton,  Viucentown,  MuUica  Hill,  Timber  Creek,  etc., 
New  Jersey.  ^ 

Geological  distribution. — Cretaceous  to  Recent  (f). 

Family  ROTALID^C. 
Siabfhmily  ROTAUHSTJE. 

Genus  DISCORBINA  Parker  and  Jones. 

DisooRBiNA  BERTHELOTi  (d'Orbiguy). 

Bosalina  heriheloti  d'Orbigny,  1839;  Foram.  Canar.,  Vol.  II,  pt.  2,  p.  135,  PI.  1,  figs. 

28-30. 
Discorhina  hertheloti,  Brady,  1884 ;  Chal.  Rept.,  Vol.  IX,  p.  650,  PI.  LXXXIX,  figs.  10-12. 

Test  very  strongly  compressed,  carinate,  perforate ;  spiral  side  approx- 
imately flat,  reverse  side  low,  convex;  chambers  depressed,  numerous, 
convex,  with  limbate  margins. 

Similar  to  Truncatulina  lobatula,  but  more  depressed,  and  with  more 
finely  perforate  walls. 

Length,  1.22  mm.;  breadth,  0.82  mm. 

Locality, — Rancocas  formation,  Blue  Ball,  Timber  Creek,  New  Jersey. 

Geological  distribution, — Cretaceous  to  Recent. 

Genus  TRUNCATULINA  d'Orbigny. 
Truncatulina  aknbriana  (d'Orbigny). 

Rotalina  akneriana  d'Orbigny,  1846;  Foram.  Foss.  Bassin  terfc.  Vienne,  p.   156,  PI. 

VIII,  figs.  13-15. 
Truncatulina  akneriana  Reii88,  1866;  Deaks.  Akad.  Wies.  Wien,  Vol.  XXV,  p.  160, 

No.  6. 
Truncatulina  akneriana  Brady,  1884;  Chal.  Rept.,  Vol.  JX,  p.  663,  PI.  XCIV,  fig.  8, 

a,  b,  c. 

"The  superior  face  of  the  test  of  Truncatulina  akneriana  is  flat,  tbe 
inferior  convex  (it  tbe  margin,  but  depressed  toward  tbe  umbilicus; 
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and  the  convolations  are  not  completely  involute  on  the  inferior  side, 
as  in  Truncatulina  lobatuUij  bat  leave  a  portion  of  the  earlier  whorls 
visible  at  the  center,"    (Brady,  loc.  cit,) 

Diametei*,  0.43  mm. 

Locality. — \fanasqaan  formation,  Yincentown,  New  Jersey. 

Geological  dvttribution. — Cretaceous  to  liecent. 

This  form  is  commonly  associated  with  Truncatulina  lobatula  or 
Truncatulina  ungerianaj  or  with  both,  and  has  a  similar  distribution. 

Tbtjncatulina  haidingebii  (d'Orbigny). 

Botalina  haidingeni  d'Orbigny,  1846;  Foram.  F088.  Bassin  tert.  Yienne,  p.  154,  PL 

VII,  figs.  7,  9. 
Trunoaiulina  kaidingerii  Brady,  1884;  Chal.  Kept.,  Vol.  IX,  p.  663,  PI.  XCV,  fig.  7,  a-c. 

Test  circular,  biconvex,  trochoid;  volutions  three,  chambers  marked 
by  slightly  depressed  septa  on  inferior  side,  about  twelve  segments  in 
the  last  convolution ;  aperture  a  small  marginal  slit. 

Diameter,  0.58  mm. 

Locality, — Baiicocas  formation,  Yincentown,  New  Jersey. 

Geological  distribution. — Oretaceous  to  Becent. 

The  above  species  is  similar  to  Truncatulina  ungeriana^  but  differs 
ft*om  it  in  being  more  vaulted  and  less  depressed  at  the  umbilicus.  It 
is  also  a  smaller  form  and  is  not  so  abundant,  being  rather  rare  in  the 
middle  marl  bed.  There  is,  furthermore,  no  distinct  groove  following 
the  whorls  upon  the  superior  side,  and  the  x>erforations  are  smaller 
than  in  Truncatulina  ungeriana. 

Tbungatulina  lobatula  (Walker  and  Jacob). 

NauHluB  lohatuliM  Walker  and  Jacob,  1798;  Adams's  Essays,  Kanmaoher's  ed.,  p.  642, 

PL  XIV,  fig.  36. 
Truncatulina  lohaiula  Brady,  1884;  Ohal.  Rept.,yol.  IX,  p.  660,  PI.  XCU,fig.lO;  PI. 

XCIII,  figs.  1, 4, 5;  PI.  CXV,  figs.  4, 5. 

Test  plano-convex,  moderately  vaulted;  last  volution  consisting  of 
seven  or  eight  chambers,  with  very  slightly  depressed  septa;  septa  more 
curved  upon  the  superior  (flat)  surface;  aperture  a  small,  neatly  shaped 
arch  at  the  margin  of  the  ultimate  segment. 

Diameter,  0.36-1.13  mm. 

Locality. — Matawan  formation,  Marshalltown,  New  Jersey;  Mon- 
mouth formation.  Freehold,  Kew  Jersey;  Eancocas  formation,  Yin- 
centown, New  Egypt,  MuUica  Hill,  etc.,  New  Jersey;  Manasquan 
formation,  Yincentown,  New  Jersey. 

Geological  distribution. — Carboniferous  to  Becent. 

The  above  species  shows  great  variation.  Professor  Brady  conBiders 
that  the  more  convex  varieties  merge  into  Trwnoatulina  refulgens^  while 
flattened  forms  resemble  Truncatulina  wuellerstorfi.  The  regular-built 
convex  varieties  constitute  the  Truncatulina  boueana  of  d'Orbigny,  and 
the  less  regular  the  Truncatuliiui  variabilis  of  the  same  author. 
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Truncatulina  befulgens  (Moutfort). 

Cihicides  refalgem,  Montforfc,  1808;  Conch.  Syst.,  Vol.  I,  p.  122, 31«  genre. 
Truncatulina  re/ulgens,  Brady,  1884;  Chal.  Rept.,  Vol.  IX,  p.  659,  PI.  XCII,  figs.  7-9. 

Test  subconical,  superior  surface  complanate,  inferior  very  much 
elevated;  cousistinir  of  about  eight  chambers  in  the  last  convolution; 
sutures  somewhat  depressed  upon  the  inferior  (vaulted)  surface;  ])eriph- 
eral  margin  sharp;  aperture  an  inframarginal  opening  near  the  base  of 
the  ultimate  segment. 

Diameter,  0.5  mm. 

Locality. — Manasquan  formation  (?),  Vincentown,  New  Jersey. 

Geological  distribution, — Cretaceous  (Upper?)  to  liecent. 

There  is  a  possibility  that  this  is  an  I'ocene  fossil,  as  it  was  obtained 
from  some  of  the  uppermost  greensaud  of  the  New  Jersey  Cretaceous, 
which  carries  a  number  of  Eocene  fossils,  together  with  some  of  late 
Cretaceous  age.  The  specimens  came  from  the  upper  marl  bed  at  Vin- 
centown, and  only  a  very  few  forms  were  found. 

Truncatulina  ungeriana  (d'Orbigny). 

Botalina  ungerianay  lUOrbigny,  1846;  Foram.  Foss.  Bassin  tert.  Vienne,  p.  157,  PI.  VIII, 

figs.  16-18. 
Trnncatulina  ungeriana,  Brady,  1884 ;  Chal.  Rept.,  Vol.  IX,  p.  664,  PL  XCIV,  fig.  9,  a-d. 

Test  large,  rotaliform,  circular,  coarsely  porous,  both  sides  moder- 
ately convex,  unequal,  depressed  slightly  on  the  inferior  side  at  the 
umbilicus,  consisting  of  three  convolutions.  The  last  volution  con- 
sists of  from  ten  to  twelve  limbate  chambers.  Septa  arched;  aperture 
a  median  semilunar  slit. 

Diameter,  0.78  mm. 

Locality. — Rancocas  formation,  New  Egypt,  New  Jersey;  Manasquan 
formation,  Vincentown,  New  Jersey. 

Geological  distribution, — Cretaceous  to  Recent. 

This  species  is  rather  common  at  New  Egypt.  In  the  upper  marl 
bed  the  forms  are  much  smaller,  the  shell  being  only  about  one-half 
the  size  of  the  New  Egypt  specimens. 

Truncatulina  wubllerstorfi  (Schwager). 

Anomalina  wiillerstorji  Schwager,   1866;   Nov.  Exped.  geol.  Theil.,  VoL  II,  p.  2.58, 
PI.  VII,  figs.  105,  107. 

Test  circular,  coarsely  porous;  inferior  surface  convex,  superior  com- 
planate; peripheral  edge  acute;  chambers  narrow;  septa  strongly 
curved,  crescent- shaped  with  broad  septal  ridges,  nine  in  the  last  con- 
volution; aperture  a  small  marginal  cleft. 

Diameter,  0.5  mm. 

Locality. — Manasquan  formation,  Vincentown,  New  Jersey. 

Geological  distribution. — Upper  Cretaceous  to  Recent. 

This  species  is  similar  in  its  outline  to  figure  8,  Plate  XOIII,  Chal- 
lenger Report,  Vol.  IX.  None  of  our  specimens  are  as  flat  as  figure  9 
of  the  same  plate,  which  Professor  Brady  considers  ther>morB  typical 
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form.  This  aatbor  states  that  this  species  is  described  from  the 
Pliocene  deposits  of  Ear  Nicobar  by  Schwager,  bat  does  not  mention 
its  earlier  occarrem^.  It  is-  an  intermediate  form  between  Truncatu- 
linalobatula  and  Anomalina  ariminensis. 

Genus  A2^0MALIKA,  d'Orbigny. 

ANOKAL.INA  AMMONOIDE8   (BeUSS). 

PlAt«  YI,  fig.  5. 

Ra9aHnaammonaide$y  Reaas,  1845*16;  Yeratein.  b5hm  Kreide,  pt.  1,  p.  36,  PI.  YIII, 

fig.  53;  PI.  XIII,  fig.  66. 
Anomalina  ammonoides,  Brady,  1884;  Chal.  Rept.,  Yol.  IX,  p.  672,  PI.  XCIY,  figs,  2, 3. 

Test  naatiloid,  coarsely  porous,  small,  compressed;  lateral  surfaces 
nearly  equally  conYex;  depressed  at  the  umbilici;  peripheral  edge 
round;  aperture  an  arched,  nearly  medium  slit  upon  the  inner  margin 
of  the  ultimate  segment. 

Diameter,  0.6-0.8  mm. 

Locality. — ^Monmouth  formation,  Freehold,  Bruere's  pita  on  Cross- 
wicks  Creek,  New  Jersey ;  Bancocas  formation,  Vincentown,  New  Egypt, 
Timber  Creek,  etc..  New  Jersey. 

Geological  distribution, — Cretaceous  to  Becent. 

Anomalina  gbosserugosa  (Giimbel). 

Plate  YI,  fig.  4. 

Trnmcatnlinagro99erugo9a,G\lmhtii,196%',  Abhandl.  d.  k.  bayer.  Akad.  Wias.,  Yol. 

X,  p.  660,  PI.  II,  fig.  104,  a.  b. 
Anomalina gro89erugo»a,  Brady;  Chal.  Bept.,  Yol.  IX,  p.  673,  PI.  XCIY,  figs.  4,  5. 
Anomalina  grosBWugoeaf   Sherbom  and    Chapman,    1889;  Journ.    Royal   Microsc. 

Soc,  p.  487,  PI.  XI,  fig.  34. 

Test  nautiloid,  Yery  coarsely  porous,  pores  larger  and  more  numer- 
ous upon  inferior  surface;  both  sides  couycx;  umbilici  distinct;  periph- 
eral margin  round;  chambers  large,  inflated,  only  eight  in  final  convo- 
lution; septa  nearly  straight;  aperture  median,  arched. 

Diameter,  0.43-0.82  mm. 

Locality. — ^Bancocas formation,  Swedesboro,  New  Jersey;  Manasquan 
formation,  Vincentown,  New  Jersey. 

The  aboYe  species  is  Yery  similar  to  Anatnalina  ammonoideSj  but 
differs  from  it  in  being  relatiYcly  larger  and  thicker,  with  a  smaller 
number  of  chambers  in  the  final  couYolution,  and  also  in  its  more 
obtusely  rounded  margin. 

Genus  PULVINULINA  Parker  and  Jones. 

PULYINULINA  KABSTENI  (BeuSS). 

Botalia  karateni  Renss,  1865;  Zeit.  geol.  Gesell.,  Yol.  YII,  p.  273,  PI.  IX,  fig.  6. 
JRotalia  kar9teni  Renss,  1861 ;  Sitz.  Akad.  Wise.  Wien.,  Yol.  XLIY,  pt.  1,  p.  337. 
Pulvinulina  karsieni  Brady,  1884;  Chal.  Kept.,  Yol.  IX,  p.  698,  PI.  CY,  figs.  8, 9. 

Test  circular,  regularly  built,  convex  on  both  gig<Jfe%by^fe<9^^'^®®" 
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angular  periphery;  comx>08ed  of  from  three  to  four  convolutions;  sep- 
tal markings  on  superior  surface  apparent  as  fine  lines,  while  the  lower 
surface  shows  slight  depressions  of  the  radiating  septa;  last  convo- 
lution consisting  of  six  or  seven  chambers;  aperture  a  clefb  on  the 
lower  side  somewhat  removed  from  the  margin. 

Length,  0.45-0.5  mm. 

Locality. — Bancocas  formation,  Yincentown,  Quinton,  New  Jersey. 

Geological  distribution. — Cretaceous  to  Eecent. 

PULVIWULINA  MICHBLINIANA   (d'OrbigUy). 

Botalina  iruncatuUnoides  d'Orbigny,  1839;  Foram.  Canaries,  Vol.  II,  pt.  2,  p.  132,  PI.  II, 

figs.  25-27. 
Botalina  mioheliniana  d^Orbigny,  1840;  M^m.  Soo.  g6oh  France,  ser.  1,  Vol.  IV,  p.  31,  PI. 

lU,  figs.  IS. 

Test  orbicular,  superior  surface  nearly  flat,  inferior  highly  convex, 
with  an  excavated  umbilicus;  spire  complanate,  with  three  convolu- 
tions; last  volution  consisting  of  ten  or  tVelve  chambers,  angular, 
separated  by  straight  septal  lines  below;  apei'ture  elongate,  slightly 
removed  from  the  margin. 

Diameter,  0.45  mm. 

Locality. — Eancocas  formation,  Blue  Ball,  Timber  Creek,  New  Jersey. 

Geological  distribution. — Cretaceous  to  Eecent. 

This  is  not  a  common  species,  but  was  described  by  Prof.  A.  B. 
Beuss  under  the  name  Botalina  nitida,  which  he  considered  to  be  a 
young  form  of  Botalina  umbilicata  d'Orbigny.  Dr.  W.  B.  Carpenter 
considers  that  the  Botalina  umbilicata  of  the  Chalk  is  identical  with 
Botalina  soldanii  of  the  Vienna  Tertiaries.  Prof.  H.  B.  Brady  states 
that  Pulvinulina  micheliniana  has  its  Isomorph  in  Truncatulina  re/ulgenSj 
from  which  species  it  is  distinguished  by  the  more  or  less  excavated 
umbilicus  and  the  projecting  apical  margins  of  the  segments.  In  the 
Challenger  Beport,  however,  Botalina  nitida,  is  not  given  under  the 
synonyms  of  Pulvinulina  micheliniana^  but  Dr.  Woodward  has  so  con- 
sidered it  in  his  report  on  the  Cretaceous  Foraminifera  of  New  Jersey, 
and  it  seems  probable  that  this  view  is  correct. 

Pulvinulina  reticulata  Beuss,  var.  oabinata  Bagg. 

Plate  V,  figa.  3a,  3b. 

Test  discoidal,  both  sides  moderately  convex,  peripheral  margin  pos- 
sessing a  large  double  heel ;  surface  of  shell  smooth  and  shining,  marked 
upon  the  superior  surface  by  broad,  curving  septal  lines;  convolatious 
about  three;  eight  chambers  in  the  last  volution ;  inferior  surface  less 
distinct,  umbilicus  marked  by  radiating  lines  nearly  straight,  bat  not 
distinct  beyond  one-third  their  length;  no  aperture  visible. 

Diameter,  0. 87  mm. 

Locality. — Monmouth  formation.  Freehold,  N«w  Jersey, 

Geological  distribution, — Cretaoeons. 
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Oi:OIX>GICAIi    DISTRIBUTION    OF    TIIE    FORAMINIFBRA 
DESCRIBED  IK  THIS  REPORT. 


Speoies. 


UTUOLIIXB. 


Haplophngmimn  ooncamm  Bagg . . . . 
Haplophragmliim  IrregnlarA  RoenMr. 
TrochAmmina  inflat*  (Mont«gn) 


Formation. 


Hata- 
wan. 


TBZTULABIDAL 


Textolaria  agglutinans  d'Orbigny 

TextuUria  agglatinans  var.  poirecta  Brady . 

Textnlaria  gibboaa  d'Orbigny 

Teztularia  globnloaa  Ehrenberg 

Textularla  gramon  d'Orblgny 

Textolaria  aagittnla  Defranoe 

Textnlaria  tarris  d'Orbigny 

Vemeailina  polystropha  (Reuaa) 

Yemeailina  triquetra  (von  Miinater) 

Tritaxiatortnia(Beo8») 

Tritaxia  tricarinata  (Reuas) 

Gaadryina  pupoidea  d'Orbigny 

Olavulinaoommanifl  d'Orbigny 

Claynlina  paxiaienala  d'Orbigny 

BulimJna  pnschi  B«asa 

Bnlimlna  variabilia  d'Orbigny 

Bolivina  punctata  d'Orbigny 

BolivinataxtUaroideaBe^ua 

FleuroatomellasubnodoBaBeaaa 


LAGKNIDA. 

Lagena  globosa  (Hontagn) 

Vitrewebbina  levis  (SoUas) 

Vitrewebbina  soUaai  Cbapman 

Nodoaaria  acuminata  Benaa 

lYodoaaria  adolpbinnla  (d'Orbigny) 

Nodoaaria  annnlata  Beuaa 

Nodooarla  oommnnia  (d'Orbigny) 

Nodoaaria  consobrina  (d'Orbigny) 

Nodoaaria  consobrina  var.  emaoiata  Beuaa  . 

Nodoaaria  farcimen  (Soldani) 

Nodoaaria  ilUformia  d'Orbigny 

Nodoaaria  indiiforena  (Beuaa) 

Nodoaaria  inomata  (d'Orbigny) 

Nodoaaria  Ifevigata  (d'(^bigny) 

Nodoaaria  longiscata  d'Orbigny 

Nodoaaria  mnltiooatata  d'Orbigny 

Nodoaaria  nitida  d'Orbigny 

Nodoaaria  obliqna  (Linn6) 

Nodoaaria  panperata  d'Orbigny 

Nodoaaria  polygona  Beuaa 

Nodoaaria  radienla  (Linn6) 

Nodoaaria  rapbanna  (Littn6) 

Nodoaaria  rcemeri  (Neugeboren) 

Nodoaaria  rotundata  (Beuaa) 

Nodoaaria  acabra  (Beuaa) 

Nodoaaria  apinuloaa  (Montagu) 


Nave* 

aink. 


Banco-    Mana- 
aqnan. 


X 

X    - 

X 
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Geological  disirihutionf  etc, — Continued. 


Speoies. 


LAOBNiOiK— continaed. 


Kodosariayertebralifl  (Batoch) 

Nodosaria  williamsi  Bagg 

NodoMria  sippei  BeuBS 

Lingalinacarioatad'Orbigny 

Frondicnlaria  alata  d'Orbigny 

Frondioularia  angnsta  Nilsson,  var.  dimldia  Bagg 

Frondicnlaria  archiaoiana  d'Orbigny  var.  Btrigillata  Bagg. 

JETrondicularia  olarki  Bagg 

Frondioularia  gaultina  Beiua 

Frondicnlaria  inveraa  Kouas 

Frondicnlaria  lanceola  Rensa 

Frondicfllaria  mi^or  Bomemann : 

Fron  dicolaria  ovata  Roemer 

Frondioularia  pnlchella  Karror 

Frondioularia  reticulata  KeuRB 

Frondioularia  verneuilina  d'Orbigny 

Rhabdogoniuni  roemeri  Beusa 

Bhabdogoninm  tricarinatnm  d'Orbigny 

Bhabdogonium  tricarinatum  var.  acntangulum  Beoss 

Margin  ulina  enais  Reusa 

Marginulina  pediformis  Bomemann 

Margin  ulina  trilobata  d'Orbigny 

Yaginulina  legnmen  (Linn6) 

Vaginnlina  strigiUata  Renaa 

Criatellaria  aoutaurioularia  (Flchtel  &.  Moll) 

Cristellaria  artioulata  (Reusa) 

Criatellariacaaaia(Fichtel&Moll) 

CriBtellaria  orepidula  (Fichtel  &  Moll) 

Cristellaria  cretaoea  Bagg 

Cristellaria  cultrata  (Montfort) 

Cristellaria  gibba  d'Orbigny 

CristellariAitalioaDefranee 

Cristellaria  mam  Uli  gera  Karrer 

Cristellaria  megapolitana(  Reusa) 

Cristellaria  projecta  Bagg 

Cristellaria  rotulata(  Lamarck) 

Cristellaria  aecana  Reuss 

Cristellaria  traohyomphala  Reuss 

Cristellaria  triangularis  d'Orbigny 

Cristellaria  wetherellii  (Jones) 

Flabellina  oordata  Reuss 

Flabellina  sagittaria  (Lea) 

Polymorpbina  compressa  d'Orbigny 

Polymorphina  oommuni»  (d'Orbigny) 

Polymorpbina  emersoni  n.  sp 

Polymorpbina  gibba  (d'Orbigny) 

Polymorphina  lactea  (Walker  &,  Jacob) 

Polymorphina  lactea  var.  elongate  Brady 

Polpmorpbina  oblonga  d'Orbigny 

Polymorphina  orbignii  (Zborsewski) 

Polymorphina  problema  (d'Orbigny) 

Polymorphina  regularia  von  Miinster 


Formation. 


Mata- 

wsn. 


Nave- 
sink. 


Banco-    Mana- 
sqnan. 
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LETTER  OF  TRANSMITTAL. 


Depabtment  op  the  Interior, 
United  States  Geological  Survey, 

Washingtony  D.  C,  June  19 j  1897. 
Sir:  I  have  the  honor  to  transmit  herewith  an  illustrated  paper  by 
Dr.  F.  L.  Eansome  on  some  lavas  from  California  that  are  regarded  as 
intermediate  between  trachytes  and  andesites.    It  may  be  noted  that 
these  rocks  occupy  the  same  position  among  the  efiusives  that  certain 
of  the  rocks  called  monzonite  by  Brogger  do  among  the  granolites. 
It  is  recommended  that  the  paper  be  published  as  a  bulletin. 
Very  respectfully,  yours, 

H.  W.  Turner, 

GeologisU 
Hon.  Charles  I).  Walcott, 

Director  United  States  Geological  Survey. 

7 


Digitized  by  VjOOQIC 


Digitized  by  LjOOQIC 


Digitized  by  LjOOQIC 


U.  8.  OEOLOOICAt.  SURVEY 


BULLETIN  NO.  88      PL.  1 


DIAGRAM  SHOWING  THE  POSITION  OF  THE  AREA  EMBRACED  BY  THE  MAP  (PL.  II). 


Digitized  by  LjOOQIC 


SOME  UVA  FLOWS  OF  THE  WESTERN  SLOPE  OF  THE 
SIERRA  NEVADA,  CALIFORNIA 


Bt  F.  Leslie  Bansome. 


INTRODUCTION. 

The  field  relationships  of  the  rocks  described  in  the  following  paper 
were  studied  dnring  the  summers  of  1895  and  1896,  while  I  was  engaged 
in  geologically  mapping  portions  of  the  Sonora  and  Big  Trees  quad- 
rangles, under  the  direction  of  Mr.  H.  W.  Turner.    It  was  seen  that  this 
particular  set  of  lavas  offered  a  promising  field  for  more  detailed  work 
than  could  be  given  to  the  region  as  a  whole,  and  Mr.  Turner  kindly 
suggested  that  I  should  undertake  their  investigation  as  a  special  prob- 
lem, to  be  carried  along  in  conjunction  with  the  regular  areal  work  of 
the  quadrangles.    It  was  found  that,  in  addition  to  the  andesitic  tuffs 
and  breccias  (designated  upon  the  completed  folios  of  the  Gold  Belt  of 
California  "Neocene  andesite-tuff,^'  or  "Neocene  andesite''),  which  are 
so  widely  and  monotonously  developed  over  the  broad  western  slope  of 
the  Sierra  Nevada,  there  occurs  within  the  district  studied  another  series 
of  lavas  in  the  form  of  massive  flows,  of  much  more  limited  distribu- 
tion.   They  are  in  some  cases  closely  associated  with  the  breccias  and 
tuffs,  but  are  always  readily  recognized  by  their  prevailingly  massive 
character  and  by  certain  very  distinctive  lithological  features.    Taken 
as  a  whole,  they  form  a  series  of  superimposed  flows,  extending  in  a 
southwest  direction  from  some  as  yet  unknown  source  near  the  crest  of 
the  range  in  Alpine  County  down  to  the  little  village  of  Knights  Ferry, 
in  Stanislaus  County,  on  the  border  of  the  Great  Valley — a  distance  of 
more  than  60  miles  as  the  crow  flies.    Only  one  of  the  flows  is  known 
to  have  extended  the  whole  distance,  and  they  have  all  suffered  consid- 
erable dissection  through  the  very  incisive  gashing  of  the  present 
streams,  but  in  a  general  way  the  line  of  flow  maybe  said  to  follow  the 
course  of  the  Stanislaus  River.    These  flows  were  poured  out  within 
the  period  of  eruptive  activity,  during  which  the  andesitic  breccias  and 
tufts  were  spread  for  hundreds  of  square  miles  over  the  western  slope 
of  the  Sierra;  but  their  eruption  was  immediately  preceded  by  an  inter- 
val of  sharp  erosion,  which  cut  out  the  channels  down  which  they  flowed 
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toward  the  valley.  Subsequently  they  were  again  partly  covered  by 
fresh  audesitic  breccia^  esi)ecial1y  in  the  higher  portions  of  the  range. 

The  distinctive  chemical  feature  of  these  rocks  is  a  rather  high  per- 
centage of  total  alkalies,  with  the  potash  somewhat  in  excess  of  the 
soda.  Chemically  they  stand  between  typical  andesites  and  typical 
trachytes,  and  belong  to  a  general  chemical  group  of  the  effusive  rocks 
which  it  seems  necessary  to  classify  under  a  new  name.  Without 
anticipation  of  a  discussion  which  has  its  proper  place  after  the  rocks 
themselves  have  been  described,  the  name  latite  (derived  from  the 
Italian  province  of  Latium  or  Latia,  where  rocks  closely  related  to  those 
described  in  the  present  paper  occur  abundantly) ,  may  be  considered 
for  the  present  as  used  merely  to  indicate  the  group  of  lavas  which 
form  the  subject  of  the  present  paper,  for  the  purpose  of  avoiding  con- 
fusion with  the  ordinary  clastic  andesites  abundant  in  the  same  field. 

The  laboratory  work  embodied  in  the  preparation  of  this  paper  was 
carried  on  in  the  petrographical  laboratory  of  Harvard  University,  and 
my  thanks  are  due  to  Professor  Wolff  for  the  excellent  facilities  there 
enjoyed.  I  am  also  indebted  to  Mr.  Turner  not  only  for  the  original 
permission  to  undertake  the  work,  but  for  generously  aiding  it  in  many 
ways  and  for  furnishing  field  notes  of  such  occurrences  of  the  latites 
as  fell  within  his  own  portions  of  the  general  area. 

GENERAL   OUTIjIXE   OF  THE   PHYSIOGRAPHY   OF  THE 

REGION. 

The  accompanying  map  (PI.  II)  embraces  a  rectangular  strip  of  coun- 
try G3  miles  in  length  and  14.5  miles  in  width,  with  its  longer  dimension 
lying  very  nearly  northeast  and  southwest.  It  includes  portions  of  the 
Oakdale,  Sonora,  Jackson,  Big  Trees,  Dardanelles,  and  Pyramid  Peak 
atlas  sheets,  and  the  general  position  of  the  district  covered  is  indicated 
in  the  annexed  diagram  (PI.  I).  Considerably  more  than  half  the  area 
lies  within  the  Big  Trees  sheet.  The  extreme  southwestern  portion, 
lying  west  of  longitude  120°  30'  and  south  of  latitude  38°,  is  from  the 
northeast  corner  of  the  unfinished  Oakdale  sheet.  The  topography  is 
here  only  partly  indicated,  and  the  areas  of  latite  are  drawn  with 
approximate  outlines  subject  to  revision  when  the  region  is  examined 
in  detail  with  a  finished  topographical  map.  A  similar  explanation 
should  also  be  made  with  regard  to  the  corner  of  the  map  lying  east  of 
longitude  120^,  which  is  a  part  of  the  Dardanelles  sheet.  The  work  in 
this  area  was  limited  to  a  rapid  reconnaissance,  before  the  completion 
of  the  toi)ograi)hical  base,  and  the  areas  of  Neocene  lavas  will  require 
slight  modifications  and  considerable  additions  when  the  areal  geology 
of  the  Dardanelles  quadrangle  is  worked  out  in  full. 

The  elevations  on  the  map  range  from  a  general  altitude  of  about  500 
feet,  near  Knights  Ferry,  to  9,529  feet,  on  the  summit  of  Dardanelle 
Cone,  in  Alpine  County,  corresponding  to  an  average  grade  of  150  feet 
per  mile  for  this  portion  of  the  Sierra  slope.    As  a  whole,  this  area  is 
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practically  destitute  of  allnvial  valley  bottoms,  and  is  drained  by 
streams  of  torrential  character.  It  is  traversed  from  end  to  end  by 
the  comparatively  yonug  consequent  Stanislaus  River,  with  its  two 
principal  branches,  the  North  and  the  Middle  forks,  and  may  be 
regarded  as  a  thoroughly  typical  transverse  strip  of  the  great  tilted 
and  dissected  peneplain  which  forms  the  western  slope  of  the  Sierra 
Nevada.  The  rocks  upon  which  this  somewhat  uneven  peneplain  has 
been  carved  are  those  of  the  so-called  "Bed-rock  series"  of  the  Gold 
Belt  folios,  and  are  of  Juratrias  and  earlier  age.  In  the  foothill  region 
they  consist  of  closely  compressed  clay  slates,  schists,  limestones, 
quartzites,  and  various  igneous  rocks,  while  in  the  higher  portions  of 
the  slope  gneissoidal  and  granitic  rocks  prevail. 

Toward  the  end  of  the  base-leveling  process,  which,  as  shown  by 
Diller '  and  Lindgren  ^  for  other  portions  of  the  Sierra,  lasted  at  least 
into  the  Miocene,  the  series  of  volcanic  eruptions  began  which  con- 
tinued through  the  Pliocene,  and  which  ended  by  covering  the  old  sur- 
face far  and  wide  with  a  blanket  of  clastic  andesitic  material  in  the 
form  of  breccias,  rolled  gravels,  and  fine  tuffs.  At  the  same  time 
began  the  differential  elevation  which  has  given  the  peneplain  its 
present  slope  of  about  two  degrees  to  the  southwest.  According  to 
Lindgren,-^  there  is  still  recognizable  a  peneplain  of  Cretaceous  age  in 
the  common  altitude  of  many  of  the  higher  peaks  of  the  middle  Sierra, 
but  no  survival  of  such  an  intermediate  stage  of  base-leveling  has 
been  detected  in  this  region  of  the  Stanislaus  drainaj^e. 

The  old  surface  revealed  to-day  by  the  stripping  off  of  a  great  part  of 
its  andesitic  cover  is  by  no  means  a  perfectly  even  one.  If  the  sharp 
V-shaped  canyons  of  post-Tertiary  date  were  all  filled  up,  and  the  rem- 
nants of  the  Tertiary  volcanic  cover  quite  removed,  there  would  still 
remain  a  surface  of  gentle  relief  surmounted  by  occasional  monadnocks. 
On  the  whole,  though,  it  would  be  a  topography  of  greatly  subdued 
relief  when  contrasted  with  the  possibilities  for  alpine  types  of  form 
suggested  by  the  nearly  vertical  schistose  rocks  and  batholithic  plu- 
tonic  masses  out  of  which  it  was  carved. 

The  peneplain  character  has  not  been  equally  well  preserved  in  all 
portions  of  the  region.  In  the  foothill  districts  it  is  recognizable  only 
in  a  very  general  way,  erosion  having  largely  obliterated  the  old  sur- 
face or  obscured  it  by  the  etching  out  of  later  and  local  lowlands.  The 
reason  for  this  is  threefold:  The  foothill  regions  are  not  only  composed 
of  belts  of  highly  tilted  heterogeneous  rocks,  originally  unfavorable  to 
the  production  of  an  ideal  peneplain,  but  in  addition  to  this  they  were 
probably  never  so  thoroughly  covered  by  the  coarse  andesitic  breccias 
as  were  the  higher  portions  of  the  slope.  Moreover,  the  lack  of  homo- 
geneity in  the  underlying  rocks  has  led  to  the  rapid  development  in 
Pleistocene  time  of  small  subsequent  streams  along  belts  of  weaker 


'  Topographical  revolution  on  the  Pacific  coast*.  Fourteenth  Ann.  Rept.U.  S.  Geol.  Survey,  Part  II, 
1894,pp.41&-42L 
*  Age  of  the  auriferous  gravels  of  the  Sierra  Nevada:  Jour.  Geol.,  Vol.  IV,  1896,  pp. 
3Loccit.,p.897.  DigitizecTby 


12  LAVA   FLOWS   OP  THE   SIERRA   NEVADA.  [bou.«l  Tp- 

rocks,  and  thereby  effected  a  far  more  widespread  degradation  of  the    \ 
surface  than  in  the  higher  region  presently  to  be  described,  where  the     \  ( 
underlying  rocks  are  not  only  more  homogeneous,  bat  have  been  more  '^\/ 
thoroughly  protected  from  attack,  '''\ 

Nowhere  within  the  area  of  the  map  is  the  old  peneplain  character    .    ( 
better  preserved  than  in  the  region  included  between  the  North  Fork        « 
and  the  Middle  Fork,  of  the  Stanislaus  Biver.    All  the  higher  ridges   \ 
are  capped  by  andesitic  breccia,  and  as  a  rule  present  flat,  even  tops,   ._^: 
with  a  very  gently  ascending  grade  to  the  northeast.    As  these  ridge 
tops  are  generally  bare,  or  covered  only  with  patches  of  low-growing   ^-. 
shrubs  and  scattered  trees,  they  are  the  natural  routes  of  travel 
through  the  district  and  are  followed  by  the  sheep  and  cattle  herders,       ^ 
who  make  use  of  the  higher  mountain  meadows  during  the  summer 
months.    In.contrast  with  the  bare  or  open  character  of  the  ridges,  the 
intervening  slopes  and  canyons  are  generally  heavily  forested  with 
noble  trees,  including  the  famous  ^< mammoth  trees^^  {Sequoia  gigantea)^ 
the  more  graceful  and  scarcely  less  majestic  << sugar  pine"  {Pinus  lam- 
bertiana),  and  the  massive  "yellow  pine"  (Pinus ponderosa). 

Following  one  of  the  ridges  the  traveler  may  ride  for  hours  on  a 
scarcely  perceptible  grade  toward  the  northeast,  with  a  wide  prospect 
over  the  treetops  on  either  hand  and  a  view  of  similar  ridges  in  the 
distance.  But  if,  as  Whitney  says,  speaking  of  the  mining  regions  of 
the  Sierra,  "  he  turn  and  attempt  to  make  his  way  across  the  country, 
in  a  liiie  parallel  with  the  crest  of  the  range,  he  will  discover  that  this 
apparent  plain  is  cut  into  by  the  gprges  or  canyons  in  which  the  present 
rivers  run  in  a  most  extraordinary  manner ;  he  will  find  it  several  hoars' 
work  to  descend  into  one  of  these  and  rise  again  to  the  general  level 
on  the  other  side,  even  if  he  be  assisted  by  a  well-beaten  trail."* 

The  drainage  of  the  middle  portion  of  the  slope  differs  from  that  << 
the  foothill  region  in  the  absenceor  insignificance  of  purely  subsequent 
streams.  The  larger  tributaries  show  a  tendency  to  flow  straight  down 
the  tilted  peneplain,  entering  the  main  trunk  streams  obliquely,  and 
frequently  after  running  for  a  long  distance  nearly  parallel  with  thetn, 
as  in  the  case  of  Beaver  Greek  and  the  North  Fork  of  the  Stanislaus, 
the  former  being  at  one  point  apparently  in  imminent  danger  of  cap- 
ture by  the  latter.  As  a  result  of  this  consequent  system  of  drainage, 
the  deep  canyon  of  the  Middle  Fork  receives  practically  no  tributaries 
from  its  southern  side,  the  brink  of  its  canyon  wall  being  the  divide. 
The  North  Fork  shows  a  similar  poverty  in  tributaries  on  its  northwest 
side,  streams  frequently  heading  close  up  to  the  brink  of  its  gorge,  but 
generally  diverging  from  it  at  a  small  angle  toward  the  west  and  run- 
ning finally  into  the  Mokelumne  Eiver  to  the  northwest.  In  other 
words,  the  general  direction  of  consequent  flow  roughly  bisects  the 
angle  made  by  the  two  main  forks  of  the  Stanislaus.  The  whole  area 
is  characterized  by  very  active  but  concentrated  erosion.    The  larger 


1  Auriferous  GraveU  of  the  Sierra  Nevada,  Cambridge,  1880,  pp.  63-44. 
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Btreams,  haying  cut  tbrongh  the  Neocene  cover  of  andesitic  breccia, 
are  still  energetically  sinking  their  steep- walled,  V-shaped  canyons  into 
the  underlying  granitic  rocks.  These  cauyons  as  yet  show  little  tend- 
ency to  widen  out  into  valleys,  and  remnants  of  the  former  extensive 
covering  of  andesite  are  often  preserved  on  their  very  brinks.  The 
vigorous  nature  of  this  trenching  is  well  shown  in  the  deep  canyon  of 
the  Mokelumne  River,  of  which  a  small  portion  comes  within  the  map 
just  north  of  Bear  Valley,  and  also  in  the  whole  canyon  of  the  Middle 
Stanislaus.  There  are  probably  few  better  illustrations  of  a  young 
V-shaped  canyon  than  can  be  seen  by  looking  westward  from  a  point 
about  halfway  down  the  trail  which  is  shown  descending  into  the  gorge 
a  mUe  and  a  half  west  of  Mount  Knight. 

From  Clover  Meadow  eastward  the  character  of  the  country  changes, 
although  the  change  is  not  an  abrupt  one.  The  various  residual 
andesitic  ridges  which  have  converged  just  west  of  Olover  Meadow 
extend  eastward  as  a  single  main  ridge  into  the  area  of  the  Darda- 
nelles quadrangle,  between  Highland  Greek  on  the  north  and  the  Middle 
Stanislaus  Biver  on  the  south.  About  2  miles  east  of  Olover  Meadqw 
the  ridge  ends  in  a  steep  bid  ft'  about  400  feet  in  height.  The  brink  of 
this  declivity  affords  a  view  (PI.  Ill)  which,  aside  from  its  some- 
what stern  beauty,  is  of  considerable  interest.  For  many  miles  to  the 
northeast  the  eye  overlooks  a  wild,  hummocky  surface  of  bare  and  gla- 
ciated granite,^  stretching  up  toward  the  crest  of  the  range,  its  dazzling 
whiteness  being  only  partly  relieved  by  a  sparse  growth  of  p^nes.  In 
the  near  foreground  the  bald  hummocks  are  interspersed  with  small, 
bright-green  meadows,  fringed  with  quivering  aspens,  and  usually  in- 
closing a  lakelet.  Immediately  to  the  east,  and  just  across  the  low, 
hummocky  foreground,  the  dark  and  rugged  peaks  of  the  Dardanelles 
rise  to  an  altitude  9,529  feet  above  the  sea.  The  nearest  peak,  which 
may  be  conveniently  called  the  West  Dardanelle,  can  be  plainly  seen  to 
be  made  up  of  a  series  of  nearly  horizontal  volcanic  layers,  resting  upon 
the  granite  and  capped  by  a  heavy  flow  of  dark  columnar  lava,  forming 
vertical  cliffs  several  hundred  feet  in  height.  Beyond  the  Dardanelles 
appear  the  higher  peaks  forming  the  crest  of  the  Sierra,  also  in  part 
capped  by  volcanic  rocks  in  nearly  horizontal  attitudes.  These  em- 
brace some  well-stratified  andesitic  tuffs,  as  observed  by  Turner*  on  the 
summit  of  Arnot  Peak  at  an  elevation  of  10,000  feet. 

G[?hi8  higher  portion  of  the  Sierra  slope  can  not,  then,  like  that  west 
of  Glover  Meadow,  be  characterized  as  a  series  of  more  or  less  linear 
lava-capped  ridges,  separated  by  narrow  canyons.  The  possibility  of 
riding  easily  along  the  flat  ridge  tops  has  ended  with  the  bluff  upon 
which  the  observer  stands.  From  here  on  to  the  summit  the  Neocene 
volcanic  covering  has  been  so  thoroughly  dissected  and  carried  away 
that  only  a  few  scattered  remnants  testify  to  its  once  great  extent. 

iThe  term  granite  is  nsed  throughout  this  paper  iu  a  general  sense,  including  all  the  "granodio- 
zite,"  qnartz-mica-dioiite,  etc.,  as  "well  as  true  granite. 
'Geology  of  the  Sierra  Neyada  -.  Seventeenth  Ann.  Rept.  XT.  S.  Geol.  Sun'^ey ,  Part  I,  l^e^^p.  708.     j 

Digitized  by  VjiOOQlC 


14  LAVA    FLOWS   OF   THE    SIERRA    NEVADA.  [dull.  89. 

The  region  is  best  described  as  a  rolling  and  hummocky  granitic  slope — 
a  i)ortion  of  the  old  peueplaiu  modified  by  ice  action  and  by  recent 
erosion.  Above  this  old  surface  stand  isolated  peaks  and  clusters  of 
peaks,  often  true  flat- topped  buttes,  composed  of  volcanic  materials. 
Distinctly  below  it  are  the  deep  trenches  of  the  larger  streams,  their 
character  being  well  shown  in  the  fine  gorge  of  the  Middle  Stanislaus,  4 
miles  southeast  of  Glover  Meadow.  An  idea  of  the  general  character 
of  the  region  may  be  gained  flpom  PL  X  (p.  32),  which  is  a  view  of  the 
Dardanelles  from  the  south,  looking  across  the  canyon  of  the  Stanislaus. 
The  foregoing  account  of  the  physiography  of  the  region  embrivced 
in  the  accompanying  map  (PL  II)  is  little  more  than  a  bare  outline, 
intended  to  present  some  picture  of  the  old  uneven  peneplain,  with  its 
Keocene  cover  of  fragmental  audesite,  down  which  the  latitic  lavas 
flowed,  and  of  the  general  character  of  the  erosion  by  which  it  has 
since  been  modified.  No  reference  has  been  made  to  the  influence  of 
ice  action  upon  the  drainage,  for  the  reason  that  there  is  no  patent 
evidence  that  the  important  streams  have  retained  any  traces  of  ice 
interference.  Definite  moraines  are  rare,  and  although  a  few  morainal 
patches  occur  on  some  of  the  ridges  as  low  down  aa  5,500  feet,  they  are 
not  shown  on  the  present  map.  Various  details  of  topography  which 
are  closely  connected  with  the  occurrence  and  distribution  of  the  latitcs 
can  be  more  intelligibly  discussed  under  that  head  than  in  a  general 
preliminary  sketch,  and  will  be  for  the  present  deferred. 


THE    OCCURRENCE   AND    DISTRIBUTION    OF    THE    LAVAS 

(liATITES). 

The  latites  were  early  differentiated  in  the  field  into  three  varieties, 
belonging  to  at  least  three  distinct  flows.  These  are,  in  the  order  of 
their  geological  sequence:  (1)  a  dark,  compact  augite-latite  of  some- 
what basaltic  aspect,  with  conspicuous  tabular  crystals  of  labradorite 
and  smaller  phenocrysts  of  augite,  which  for  convenience  will  be 
referred  to  as  the  Table  Mountain  facies;  (2)  a  moderately  dark-gray 
biotite-augite-latite,  in  which  glistening  tablets  of  biotite  are  the  most 
conspicuous  phenocrysts;  (3)  a  dark,  very  compact  augite-latite,  with 
small,  scattered  phenocrysts  of  labradorite  and  augite,  which  may  be 
called  the  Dardanelle  facies  from  its  occurrence  on  the  extreme  summit 
of  the  West  Dardanelle. 

The  Table  Mountain  facies  forms  the  longest  flow  of  the  series,  hav- 
ing been  traced  from  the  West  Dardanelle,  where  its  surface  attains  an 
elevation  of  about  8,600  feet,  down  to  Knights  Ferry,  where  it  forms 
plateaus,  with  black,  bowlder-strewn  surfaces,  about  500  feet  above 
sea.  The  rough,  bowlder-like  masses,  from  a  foot  to  2  feet  in  diameter, 
locally  known  as  "  nigger-heads,"  which  are  frequently  abundant  on 
the  surface  of  the  flow  near  Knights  Ferry,  are  of  the  same  character 
as  the  solid  lava  beneath  them;  and  as  the  latites  rarely  show  any 
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signs  of  weathering  into  soil,  these  were  possibly  orij^inally  loose 
fragments  borne  along  ou  the  surface  of  the  lava  stream. 

My  information  concerning  this  portion  of  the  Table  Mountain  How 
is  incomplete.  It  is  known  to  extend  almost  continuously  for  7  miles 
up  both  banks  of  the  river,  to  Byrnes  Ferry,  forming  irregular,  plateau- 
like areas  which  break  off  abruptly  on  the  river  side  in  vertical  colum- 
nar cliffs.  These  areas  were  evidently  continuous  at  one  time,  but  have 
been  dissected  by  the  river,  now  flowing  several  hundred  feet  below 
them.  Andesitic  breccia  is  reported  by  Turner^  beneath  the  Table 
Mountain  flow  at  Byrnes  Ferry,  and  a  considerable  bed  of  similar  brec- 
cia occupies  the  same  relative  position  just  south  of  McCartney  Creek, 
about  4  miles  northeast  of  Knights  Ferry. 

l^ear  Byrnes  Ferry  the  flow  turns  eastward,  leaving  the  river  and 
entering  the  edge  of  the  Sonora  quadrangle  just  west  of  Montezuma,  or 
about  latitude  37°  53'.  Here  it  again  resumes  a  northeasterly  course, 
running  generally  parallel  with  the  Stanislaus  liiver  at  an  average  dis- 
tance of  about  5  miles  to  the  southeast,  until  it  enters  the  southern 
border  of  the  Big  Trees  quadrangle,  just  west  of  Shaws  Flat.  It  is 
this  section  of  the  flow  that  is  known  as  the  Tuolumne  Table  Mountain, 
a  physiogi'aphical  feature  of  considerable  natural  and  historical  inter- 
est. The  old  river  gravels  in  the  Neocene  channel,  beneath  the  so-called 
basalt,  being  auriferous,  were  actively  exploited  during  the  eailier  days 
of  mining  activity.  The  line  of  famous  Mother- Lode  veins,  passing 
through  Angels,  Carson  Hill,  Eawhide,  and  Quartz  Mountain,  runs 
beneath  the  lava  near  Eawhide,  and  reappears  on  the  southern  side  as 
a  lieavy  vein,  determining  a  small  southeast  spur  shown  on  the  map. 
Being  thus  in  the  center  of  one  of  the  most  productive  mining  districts 
in  the  State,  several  references  to  the  Tuolumne  Table  Mountain  are 
found  in  the  older  geological  literature  of  California.  Trask,^  writing 
in  1856,  says: 

This  celebrated  locality,  of  which  so  mnoh  has  been  said  and  written  of  late,  is  one 
yf  the  most  remarkable  and  interesting  places  to  be  found  in  this  State. 

That  portion  of  the  mountain  which  has  so  recently  attracted  attention  on  account 
>f  the  placer  deposits  found  beneath  its  surface  is  situated  near  the  towns  of  Sonora 
md  Columbia,  being  about  equidistant  from  either  locality.  A  portion  of  Shaw's 
'lat  is  situated  immediately  at  its  base.  The  superior  portion  of  the  mountain  is 
romposed  of  basaltic  rock  haying  the  prismatic  form ;  but  in  a  few  instances,  at  dlf- 
'erent  points,  it  assumes  the  pentagonal  shape  so  common  to  the  columnar  form  of 
bis  rock. 

I  have  traced  this  basaltic  overflow  in  an  east  and  west  direction  for  the  distance 
•f  nearly  40  miles  on  its  course,  and  it  is  probable  that  it  will  be  found  to  extend  to 
,  much  ;g^eater  distance  eastward  than  at  present  known. 

Its  breadth  is  very  variable  throughout  its  course,  in  no  instance,  I  believe,  less 
hail  400  feet,  and  often  one-fourth  of  a  mile.     It  seems  to  have  followed  the  course 


1  The  rocks  of  the  Sierra  Nevada:  Fourteenth  Ann.  Kept.  U.  S.  Geol.  Snrvey,  Part    ,  1804,  p.  491. 
'  Keport  on  the  Geology  of  Northern  and  Southern  California,  Saoramento,  1856;  State  Senate  Doc. 
t,  p.  20. 
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of  a  stream,  filling  its  bed  and  banks,  and  to  have  flowed  in  this  coarse  for  the 
entire  length  that  it  is  now  observable  upon  the  surface. 

To  the  east  IHo]  of  Columbia  it  crosses  the  present  bed  of  the  Stanislaus  at  two 
different  places,  but  what  its  position  beyond  this  may  be  is  at  present  unknown 
with  any  degree  of  certainty.  From  the  relative  position  of  the  Stanislaus  at  the 
present  time,  the  evidences  are  almost  demonstrative  that  at  the  period  of  its  occur- 
rence it  flowed  into  and  down  the  former  bed  of  this  river,  displacing  the  latter  and 
filling  up  the  space  between  its  banks.  The  depth  of  the  banks  to  the  bed  may  be 
pretty  accurately  measured  by  the  thickness  of  the  basalt  above  that  bed,  which  is 
about  100  feet  on  a  general  average. 

Professor  Whitney,  in  his  volume  on  the  geology  of  California, 
devotes  several  pages  to  a  description  of  this  portion  of  the  flow,  and 
of  the  auriferous  gravels  beneath  the  lava,  accompanying  his  report 
with  illustrations  and  sections.  His  account  is  too  long  to  quote  entire, 
but  the  following  portions  are  pertinent  to  the  lava  flow  itself,  and  are 
characterized  by  Whitney's  usual  graphic  descriptive  power: 

One  of  the  most  striking  features  in  the  topography  and  geology  of  Tuolumne 
County  is  the  so-called  ''Table  Mountain/'  a  name  given  throughout  the  State  to 
the  flat  table-like  masses  of  basaltic  lava  which  have  been  rendered  so  conspicuous 
by  the  erosion  of  the  softer  strata  on  each  side,  and  which  now  exist  as  elevated 
ridges,  dominating  over  the  surrounding  country  and  remarkable  for  their  pictur- 
esque beauty,  but  still  more  so  on  account  of  the  important  d«|^its  of  auriferous 
detritus  which  lie  beneath  them. 

The  Table  Mountain  of  Tuolumne  County  is  a  flow  of  lava  originating  in  the  loAy 
volcanic  region  beyond  the  Big  Trees  of  Calaveraff.  ....  Itcomes  down  on  the  north 
side  of  the  Stanislaus,  forming  a  nearly  continuous  ridge,  elevated  more  than  2,000 
feet  above  the  river.  Just  below  Abbeys  Ferry  ("Abbott  Ferry ''  on  map)  the  Stan- 
islaus has  broken  through  the  once  continuous  basaltic  ridge,  which  has  been  irreg- 
ularly worn  away  for  some  distance  from  the  river,  but  which  reappears  as  a 
continuous  mountain  a  Uttle  southwest  of  Columbia  and  continues  on  the  south  side 
of  the  river,  forming  a  conspicuous  feature  of  the  scenery  as  far  as  Knights  Ferry, 
a  distance  of  about  20  miles  from  the  point  where  it  crosses  the  river  and  enters 
Tuolumne  County.  As  seen  from  a  distance,  this  Tal>le  Mountain  reveals  ita  origin 
at  once  in  the  contrast  between  the  long  straight  line  of  its  upper  edge  and  the 
broken  and  curving  ones  which  eroded  hills  of  the  auriferous  slates  every\qhere 
exhibit.  Its  dark  colqr  and  the  comparative  absence  of  trees  or  shrubs  on  its  top 
and  sides  also  indicate  very  clearly  that  the  material  of  which  it  is  composed  is  very 
different  from  that  of  the  surrounding  hills. 

On  approaching  Table  Mountain  and  examining  the  material  of  which  it  is  com- 
posed, and  the  position  which  it  occupies,  it  is  seen  at  once  that  it  is  a  vast  lava  flow,  of 
which  the  upper  surface  remains  very  nearly  at  the  level  and  with  the  form  which  it 
originally  had  at  the  time  of  its  consoUdation,  while  the  edges  and  the  surrounding 
country  have  been  denuded  and  washed  away,  so  that  the  topography  of  the  region 
is  entirely  different  from  what  it  was;  in  fact  it  is  almost  the  reverse  of  it.  No  one 
can  deny  that  a  stream  of  melted  lava,  running  for  40  miles  down  the  slope  of  the 
Sierra,  must  have  sought  and  found  a  depression  or  valley  in  which  to  flow,  for  it  is 
impossible  that  it  should  have  maintained,  for  any  distance,  a  position  on  the  crest 
of  a  ridge.  Nor  could  the  valley  of  the  Stanislaus,  now  2,000  feet  deep,  have  existed 
at  that  time,  for  this  flow  of  lava  is  clearly  seeu'to  have  crossed  it  at  Abbeys  Ferry. 
The  whole  face  of  the  country  must,  therefore,  have  undergone  an  entire  change  since 
the  eruption  took  place  during  which  this  mass  of  lava  was  poured  out 

The  summit  of  Table  Mountain  is  occupied  by  a  heavy  bed  of  basaltic  lava,  of  a 
very  dark  color  and  dense  texture.     It  is  occasionally  distinctly  columnar,  and 
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appears  to  hnvo  all  been  poured  out  in  one  flow,  as  there  are  no  partings  or  divi- 
sions perceptible  in  tlie  mass,  which  in  the  vicinity  of  Sonora  is  from  140  to  150  feet 
in  thickness.  Its  width,  at  a  point  near  the  Buckeye  Tunnel,  was  found  to  be  about 
1,700  feet.  The  surface  of  the  basalt  is  very  nearly  level,  with  a  gentle  slope  down 
the  valley.' 

In  his  volume  on  the  auriferous  gravels,*  the  same  writer  summarizes 
his  earlier  account  of  the  mountain,  adds  some  further  notes,  and 
appends  an  outline  map  showing  the  approximate  extent  of  the  dis- 
sected lava  flow  between  Abbeys  Ferry  and  Knights  Ferry.  He  also 
gives  several  transverse  sections  showing  the  structure  of  the  moun- 
tain as  revealed  by  mining  operations.  He  speaks  of  the  ^'  basalt" 
overlying  the  andesite  breccia,  a  relation  which  both  Mr.  Turner  and  I 
have  confirmed  at  several  points. 

To  the  descriptions  quoted  there  is  little  to  be  added  concerning  this 
portion  of  the  flow,  save  to  note  that  it  attains  a  width  of  three-fourths 
of  a  mile  northwest  of  Montezuma,  and  that  the  columnar  structure  is 
a  decidedly  noticeable  feature  of  the  dark  crags  which  surround  the 
mountain  in  this  region,  rendering  it  an  almost  impassable  barrier,  and 
its  level  top  a  secure  resort  for  hawks  and  eagles.  Roads  skirt  the 
clifls  on  either  side,  but  a  practicable  route  across  the  line  of  the  flow 
is  found  only  where  the  volcanic  cap  has  been  cut  through  by  erosion, 
effected  by  an  undermining  of  the  softer  underlying  rocks.  The  main 
.stage  road,  connecting  Sonora  with  the  Great  Yalley,  passes  through 
such  a  gap  about  three  fourths  of  a  mile  northwest  of  Shaws  Flat. 

The  extent  of  the  general  erosion  that  has  transformed  the  old 
Neocene  lava  stream  into  the  most  imposing  and  continuous  mountain 
mass  in  the  vicinity  is  well  shown  in  one  of  Whitney's  wood  cuts,^ 
which  pictures  the  Table  Mountain  from  the  southeast,  probably  near 
Chinese  Oamx),  with  the  Bear  Mountains  (monadnocks)  rising  in  the 
distance  above  its  even  crest  line. 

North  of  Shaws  Flat,  the  Table  Mountain  flow  turns  westward 
toward  the  Stanislaus  River.  Just  west  of  Springfield  it  appears  to 
rest  in  a  shallow  trough  eroded  in  andesitic  breccia,  but  this  relation 
could  not  be  definitely  established.  It  terminates  a  mile  to  the  south 
of  Parrott  Ferry  in  a  columnar  cliff  overlooking  the  canyon  of  the 
Stanislaus,  the  stream  flowing  a  thousand  feet  below  the  bottom  of 
the  lava.  Looking  northward,  across  tlio  river,  the  continuation  of  the 
flow  can  be  seen  as  a  dark  capping  upon  the  summit  of  a  granite  peak 
rii^ing  precipitously  from  the  water's  edge,  just  west  of  the  ferry.  The 
base  of  the  latite  is  here  1,100  feet  above  the  bottom  of  the  canyon 
and  rests  directly  upon  the  granite.  The  distance  between  the  two 
dissevered  portions  of  the  flow  is  just  under  IJ  miles. 

From  Parrott  Ferry  northward  the  flow  has  been  dissected  into  a 
cliain  of  separate  but  closely  contiguous  areas,  which  extends  for  8 


» Geologloal  Survey  of  California,  Vol.  I,  Geology,  1865,  pp.  243-246. 

2  Aiiriferoas  Gravels  of  the  Sierra  Nevada:  Mem.  Mus.  Comp.  Zool.  Harvard  Coll.,  Vol.  YI,  1880, pp. 
131-137. 

» Geology  of  California,  1865,  p.  244,  fig.  38.  ^  j 
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miles  Hloug  the  west  bank  of  the  Stanislaus,  regularly  gaining  in  ele- 
vation, until  the  base  of  the  flow  at  the  end  of  this  distance  has  an 
altitude  of  3,000  feet  above  the  sea  and  about  1,800  feet  above  the  bed 
of  the  Stanislaus,  giving  a  grade  of  about  125  feet  to  the  mile. 

Along  this  8  miles  tlie  Table  Mountain  latite  reposes  upon  a  variety 
of  underlying  rocks.  At  the  southern  end,  near  PaiTott  Ferry,  it 
rests  upon  granite.  About  three-quarters  of  a  mile  farther  north  the 
underlying  rock  is  a  limestone,  belonging  to  the  Calaveras  formation.^ 
The  chief  evidence  for  regarding  this  limestone  as  of  Carboniferous  age 
is  the  occurrence  of  Fusulina  at  Hit^s  Cove.^  A  portion  of  the  lava 
also  rests  upon  the  nearly  vertical  edges  of  a  lenticular  area  of 
quartzose  Calaveras  schists  inclosed  in  the  limestone.  Between  the 
latite  and  the  schists  is  a  thin  layer  of  breccia  made  up  of  frag- 
ments of  the  underlying  schist.  Still  farther  north  the  third  area 
shown  on  the  map  is  separated  from  the  limestone  by  a  thick  deposit 
of  auriferous  gravel.  Due  east  of  the  town  of  Vallecito  the  latite  rests 
upon  a  bed  of  white  rhyolitic  tuff  200  feet  in  thickness,  which  in  turn 
rests  upon  gravels.  The  rhyolite,  although  very  plainly  a  tuff,  is  fre- 
quently divided  into  small  columns  by  a  rather  regular  prismatic  part- 
ing. In  one  case  where  these  columns  were  measured  they  were  found 
to  average  4  or  5  inches  in  diameter  and  about  a  foot  in  length  between 
the  joints.  Columnar  structure  in  tufts,  while  not  common,  is  not 
unknown.  Moderni,  as  cited  by  Washington,^  describes  a  columnar 
trachytic  tuff  in  the  Bolsena  region. 

To  the  ea«t  and  southeast  of  Douglas  Flat  the  relation  of  the  latite 
flow  to  the  ordinary  andesitic  breccia  of  the  region  and  to  the  rhyolitic 
tuff  is  very  interesting.  The  main  ridge  which  separates  Douglas  Flat 
from  the  canyon  of  the  Stanislaus  is  made  up  chiefly  of  andesitic  brec- 
cia in  a  succession  of  nearly  horizontal  beds  of  great  aggregate  thick- 
ness, in  places  at  least  700  feet,  resting  sometimes  on  the  Bed-rock 
series  and  sometimes  on  an  underljdng  bed  of  rhyolitic  tuft'.  The  latite 
flow  occurs,  not  as  a  rule  on  the  crest  of  this  breccia  ridge,  but  on  its 
eastern  side,  overlooking  the  deep  canyon  of  the  Stanislaus,  in  charac- 
teristic flat-topped  benches.  These  thin  out  on  the  west  and  overlap 
unconformably  upon  the  andesitic  breccia,  while  on  the  east  they  are 
terminated  abruptly  by  perpendicular  cliffs,  frequently  over  200  feet 
high,  from  whose  edges  are  obtained  grand  views  into  the  canyon 
below.  At  the  base  of  these  cliffs  there  is  a  bed  of  white  columnar 
rhyolitic  tuff,  which  appears  to  be  at  least  100  feet  in  thickness,  and 
beneath  this  again  a  bed  of  auriferous  gravel,  varying  in  thickness  and 
sometimes  locally  lacking.  By  a  rather  curious  coincidence  these 
benches  of  latite  hang  upon  the  slope  at  just  the  proper  altitude  to  con- 
ceal the  base  of  the  andesitic  breccia  upon  which  they  partly  rest,  the 
latter  not  appearing  at  the  bottom  of  the  cliffs  at  any  point  visited. 

1  See  Gold  Belt  folios ;  sdm  Lindgren,  Am.  Jour.  Sci.,  4th  series,  Vol.  Ill,  1897,  p.  302. 
■Turner,  Fourteenth  Ann.  Kept.  U.  8.  GeoL  Survey,  Part  II,  1894,  p.  446;  also  Seventeenth  Ann. 
Kept.,  Part  1, 1896,  p.  600. 
•lUUan  petrological  sketches:  Jonr.  GeoL,  Vol.  IV,  1896,  p.  &43.  Digitized  by  GoOQIc 
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From  the  northeru  eud  of  this  chain  of  dissected  areas  there  is  a 
gap  of  3  milefi  before  another  remnant  of  latite  is  met  with,  capping  a 
small  hill  jnst  south  of  Mill  Greek.  The  structnre  of  this  hill  is  rather 
complicated.  On  its -western  side  the  massive  augite- latite  is  sepa- 
rated from  the  Bed-rock  series  by  three  beds  of  soft,  light-colored  taff, 
while  on  the  eastern  side  the  place  of  the  tuffs  is  taken  by  a  sheet  of 
gray,  highly  glassy  lava  with  a  pitchstone-like  luster,  which  has  been 
found  to  be  a  vitrophyric  biotite-latite,  somewhat  resembling  petro- 
graphically  certain  facies  of  the  biotite-augite-latite  forming  the  second 
flow  of  the  series,  and  which  is  generally  found  resting  upon  the  Table 
Monntain  flow  when  the  two  lavas  occur  together.  Chemical  evidence 
seems  to  indicate,  however,  that  it  is  perhaps  a  remnant  of  a  distinct 
and  earlier  flow  which  preceded  the  Table  Mountain  flow. 

Between  the  vitrophyric  lava  and  the  augitelatite  cap  occurs  a  very 
thin  layer  of  reddish  lava,  of  somewhat  uncertain  affinities,  which  has 
been  found  at  only  one  other  i)oint,  near  Clover  Meadow,  and  is  there 
apparently  beneath  the  Table«Mountain  flow.  There  is  thus  an  indica- 
tion that  the  long  Table  Mountain  flow  was  not  really  the  flrst  of  the 
latitic  eruptions,  but  may  have  been  preceded  by  a  vitrophyric  lava 
very  similar  to  the  biotite-augite-latite  which  preceded  the  Dardanelle 
flow.  The  field  studied,  however,  affords  no  certain  evidence  on  this 
point,  and  it  must  be  left  as  a  possible  contingency  that  may  meet 
with  confirmation  or  denial  when  the  geology  of  the  Dardanelles  quad- 
rangle is  fully  investigated. 

Immediately  to  the  north  of  Mill  Creek  there  is  a  small  mass  of  the 
vitrophyric  iava  hanging  upon  the  slope  of  a  small  spur  overlooking 
the  Stanislaus.  It  is  evidently  a  continuation  of  the* fragment  south 
of  Mill  Creek,  but  here  occurs  alone,  resting  upon  the  edges  of  the 
Calaveras  quartzite. 

Following  up  the  western  bank  of  the  North  Fork  of  the  Stanislaus, 
a  small  remnant  of  the  Table  Mountain  flow  is  found  about  a  mile  and 
a  half  east  of  ManueFs,  perched  on  the  brink  of  the  canyon  at  an 
elevation  of  about  3,200  feet  and  resting  immediately  on  the  granite. 

A  quarter  of  a  mile  farther  upstream  an  interesting  portion  of  the 
flow  is  encountered,  which  extends  along  the  river  almost  continuously 
for  3J  miles  to  Squaw  Hollow.  The  comparatively  shallow  drainage 
area  of  Love  Creek  is  separated  along  this  distance  from  the  deeper 
canyon  of  the  North  Stanislaus  by  an  even,  flat- topped  ridge,  capped 
for  the  greater  part  of  its  length  by  andesitic  tuft*  and  breccia.  The 
Table  Mountain  flow  not  only  occupies  the  greater  part  of  the  valley  of 
Love  Creek,  but  also  forms  a  distinct  bench  on  the  river  side  of  the 
ridge,  just  below  its  crest.  The  outer  edge  of  this  bench  is  nearly 
always  a  vertical  cliff",  and  the  latite  can  generally  be  seen  resting  upon 
the  granite.  The  relation  to  the  andesitic  breccia  at  the  rear  of  the 
terrace  is  not  easily  determined.  It  is  not  always  plain  whether  the 
andesite  breccia  is  the  later  and  rests  upon  the  latite,  as  the  mapping 
at  first  sight  suggests,  or  whether  the  latter  is  really  the  younger  rock, 
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which,  having  flowed  down  a  channel  cut  through  the  breccia,  has  by 
a  curious  coincidence  left  itfi  remnants  lying  unconformably  upon  lK>th 
granite  and  breccia  in  such  a  way  as  to  conceal  their  contact.  In  spite 
of  its  inherent  improbability,  there  are  indications  which  point  to  the 
latter  hypothesis  as  the  true  one,  especially  as  a  similar  relationship 
was  observed  east  of  Douglas  Flat.  That  such  a  condition  does  obtain 
only  a  short  distance  away  is  shown  at  a  point  1}  miles  south  of  Squaw 
Hollow.  (PI.  IV.)  Here  the  nearly  horizontal  beds  of  light-gray 
andesitic  breccia,  with  an  aggregate  thickness  of  700  feet,  are  well 
exposed  in  a  steep,  bare  slope,  the  lowermost  bed  reposing  on  the 
granite.  The  base  of  the  Table  Mountain  flow  is  also  very  well 
exposed,  and  can  be  seen  resting  in  striking  uncomformify  upon  the 
eroded  edges  of  the  horizontal  breccia  beds,  the  plane  of  contact  slop- 
ing down  toward  the  river  at  an  angle  of  about  20  or  25  degrees.  The 
bottom  of  the  flow  is  separated  from  the  breccia  by  a  thin  layer  of 
andesitic  rubble  or  conglomerate,  evidently  derived  from  the  under- 
lying beds.  Above  this  somewhat  angular  conglomerate  comes  the 
vesicular  and  more  or  less  brecciated  under  surface  of  the  massive 
latitic  flow,  passing,  a  little  higher  up,  into  a  horizontally  platy  struc- 
ture, which  in  turn  is  succeeded  by  a  rude  columnar  parting.  Although 
the  base  of  the  flow  slopes  down  toward  the  bottom  of  the  canyon  at  a 
considerable  angle,  its  upper  surface  is  more  nearly  level  and  forms 
a  gently  sloping  bench,  which  breaks  off  abruptly  toward  the  river  in 
clifts  from  100  to  150  feet  in  height. 

There  is  thus  proof  at  this  point,  not  only  that  the  Table  Mountain 
flow  rests  unconformably  above  a  considerable  thickness  of  the  ande- 
sitic breccias,  but  that,  at  the  time  of  its  extrusion,  the  latter  beds  had 
been  extensively  eroded  and  a  channel  cut  in  them,  which,  here  at 
least,  was  closely  coincident  with,  though  not  so  deep  as,  the  present 
canyon  of  the  North  Stanislaus. 

Kear  the  crest  of  the  ridge  the  Table  Mountain  flow  becomes  quite 
thin,  and  is  overlain  by  biotite-augite-latite  about  100  feet  in  thickness, 
which  in  turn  is  capped  by  about  75  feet  of  augite-latite,  here  occupy- 
iiig  the  summit  of  the  ridge.  This  upper  flow  is  lithologically  nearly 
identical  with  the  Table  Mountain  flow,  but  has  somewhat  smaller 
plagioclase  phenocrysts,  and  on  account  of  its  position  is  correlated 
with  the  Dardanelle  flow.  The  biotite-augitelatite  occurs  in  three  other 
places  on  the  river  slope  of  the  ridge,  in  every  case  in  small  patches 
resting  ui>ou  thicker  masses  of  the  Table  Mountain  flow.  It  is  best 
seen,  however,  to  the  west  of  the  ridge,  in  the  little  valley  of  Love 
Creek. 

A  few  yards  east  of  McKay's  mill  the  attention  is  arrested  by  a  low, 
gently  arching  lobe  of  dark-gray  lava,  which  rises  from  the  narrow 
floor  of  the  valley  with  so  clean  and  bare  a  surface  that  it  appears  to 
have  been  erupted  within  historical  times.  Its  surface  shows  no  sign  of 
weathering,  and  is  divided  by  cracks  into  rough  polygonal  blocks  from 
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a  foot  to  2  feet  in  diameter.  The  rock  cleaves  most  readily  trans- 
verse to  these  rude  vertical  columns,  the  cleavage  faces  showing  the 
characteristically  abundant,  glistening  biotite  crystals  of  the  biotite- 
augite-latite.  Upstream  from  McKay's  mill  the  latite  is  found  to  fill 
most  of  the  bottom  of  the  little  canyon,  with  a  final  isolated  patch 
resting  in  the  col  at  its  head.  As  the  ravine  itself  is  excavated  in 
granite,  it  is  evident  that  it  must  have  existed  in  substantially  its 
present  shape  before  the  lava  flow  took  possession  of  its  stream  bed. 
In  other  words,  it  is  a  remnant  of  a  small  Neocene  valley.  This  result 
is  startling  when  it  is  remembered  that  the  main  Stanislaus  Eiver  has 
cut  a  gorge  1,000  feet  deep  directly  across  the  Table  Mountain  flow 
upon  which  a  portion  of  this  biotite- augite-latite  rests,  while  near 
Sonora  the  waste  of  the  surrounding  country  has  been  suflicient  to  leave 
the  same  flow  as  a  mountain  mass,  conspicuous  for  miles  around.  But, 
startling  as  it  appears,  there  seems  to  be  no  avoidance  of  the  conclusion 
here  drawn.  This  survival  explains  why  the  old  peneplain  character  is 
better  preserved  in  this  portion  of  the  Sierra  slope  than  in  the  foothill 
region;  the  rocks  are  more  homogeneous  and  resistant,  and  the  active 
erosion  is  largely  concentrated  in  the  deep  canyon-cutting  of  the 
longer  and  more  vigorous  streams.  This  phase  of  denudation,  although 
productive  of  striking  results,  is  least  calculated  to  obscure  the  pene- 
plain character  of  the  surface  upon  which  it  acts.  It  is  quite  probable 
that  the  present  small  stream  of  Love  Creek  has  had  its  cutting  power 
greatly  decreased  by  the  capture  of  its  former  head- water  drainage  by 
the  deepening  and  widening  of  the  Korth  Stanislaus  Canyon. 

Near  Squaw  Hollpw  the  line  of  the  flow  turns  eastward  and  crosses 
the  present  canyon  of  the  North  Fork  of  the  Stanislaus,  another  obvious 
instance  of  deep  cutting  since  the  eruption  of  the  lavas.  This  canyon 
is  not  to  be  compared  to  that  of  the  Middle  Stanislaus,  but  some  idea 
of  its  depth  and  the  steepness  of  its  walls  may  be  gained  when  it  is 
stated  that  the  trail  connecting  the  two  groves  of  mammoth  trees 
crosses  at  this  point  on  a  narrow  bridge,  and  a  horseman  must  travel 
more  than  12  miles  in  a  straight  line  up  or  down  the  stream  before 
coming  to  another  practicable  crossing. 

Two  miles  east  of  Squaw  Hollow  a  remnant  of  the  Table  Mountain 
flow  occurs  resting  upon  a  ridge  of  granite  and  surmounted  by  a  small 
patch  of  the  biotite-augite-latite.  Another  fragment  occurs  on  the 
same  ridge  a  little  farther  east.  From  these  small  areas  there  is  a 
considerable  gap  in  the  continuity  of  tlie  lava  flows,  until  they  are  met 
with  again,  some  3  miles  to  the  east,  in  the  upper  drainage  of  Gris- 
wold  Creek.  The  most  interesting  occurrence  here  is  about  IJ  miles 
south  of  Fennessy  Meadow,  on  the  divide  between  Griswold  and  Skull 
creeks,  where  a  portion  of  the  biotite-augite-latite  can  be  plainly  seen 
resting  upon  the  andesite  breccia,  and  in  turn  covered  by  a  second  bed 
of  the  latter.  The  volcanic  rocks  at  this  point  cap  a  small  elliptical 
hill  and  rest  upon  the  basal  granite  of  the  region.    At  the  eastern  end 
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of  the  lull  the  latite  is  about  40  feet  thick,  and  well  exposed  on  the 
southern  side,  resting  upon  the  breccia.  Above  the  latite  is  a  bed  of 
soft,  light-colored  tuflf,  about  15  feet  thick,  which  in  turn  is  overlain  by 
the  ordinary  andesitic  breccia  which  caps  the  hill.  At  the  west  end  of 
the  hill  a  similar  sequence  is  exposed,  only  here  the  latite  is  not  more 
than  about  2«^  feet  thick,  and  rests  directly  upon  the  granite.  Just  to 
the  east  of  the  hill  is  a  strip  of  augitelatite  which  appears  to  underlie 
the  biotite-augitelatite,  but  the  relation  is  not  clearly  shown.  Other 
considerable  masses  of  augite  latite  occur  on  Griswold  Creek  above 
Fennessy  Meadow,  but  they  were  somewhat  hastily  examined,  and  it 
is  not  known  whether  they  should  be  correlated  with  the  Table  Moun- 
tain flow  or  with  the  Dardanelle  flow. 

Near  the  head  waters  of  Beaver  Creek  the  andesitic  breccia  surrounds 
an  area  of  granite,  portions  of  which  are  higher  than  the  bottom  of  the 
breccia,  indicating  a  considerable  irregularity  in  the  old  peneplain  at 
this  places  The  biotite-augitelatite  occurs  at  three  points  about  the 
edge  of  this  inclosed  area,  resting  on  the  granite  at  the  base  of  the 
breccia,  and  apparently  overlain  by  the  latter.  The  southernmost  of 
the  three  patches  is  overlain  by  a  portion  of  the  Dardanelle  flow. 

The  line  of  the  latitic  flows  crosses  the  main  breccia  ridge  at  this 
point  and  appears  on  its  eastern  side  in  the  drainage  area  of  the  Middle 
Stanislaus.  Whether  the  flows  are  really  continuous  under  a  portion 
of  the  andesitic  breccias  is  a  question  that  was  not  determined  with 
absolute  certainty.  The  mapping  indicates  such  a  continuance,  and 
the  hypothesis  is  strengthened  by  the  fact  that  on  the  eastern  side  of 
the  ridge  a  portion  of  the  sloping  terrace  formed^  by  the  Dardanelle 
flow  and  the  underlying  biotitc-augite-latite  is  occupied  by  a  small 
meadow,  with  strong  springs  issuing  from  beneath  the  andesitic  breccia 
at  its  rear.  As  such  springs  are  not  common  along  the  sides  of  these 
ridges,  save  where  the  ];>orous  breccia  beds  rest  upon  an  impervious 
foundation,  the  presumption  is  that  the  massive  Dardanelle  flow  here 
passes  beneath  a  portion  of  the  clastic  series. 

To  the  south  and  east  of  Clover  Meadow  the  latites  are  well  ex[K>sed. 
They  occupy  in  general  the  crest  of  the  ridge  already  described  as 
running  eastward  toward  the  Dardanelles,  and  rest  with  evident  uncon- 
formity upon  the  andesitic  breccias  and  tuffs,  or  directly  upon  the 
granite,  as  seen  about  a  mile  to  the  south  of  Clover  Meadow.  All 
three  of  the  flows  are  represented  on  the  ridge.  The  earliest  or  Table 
Mountain  flow  is  the  most  extensive,  and  rests  upon  a  rather  uneven 
surface  of  the  clastic  andesites.  It  varies  greatly  in  thickness  from 
point  to  point,  and  has  a  warped  and  twisted  surface,  rendering  its 
mapijing  difficult  on  a  small  scale.  At  the  western  end  of  the  ridge, 
about  half  a  mile  due  east  of  the  small  pond  in  Clover  Meadow, 
occurs  an  insignificant  patch  of  the  red  lava,  identical  with  that 
fonnd  south  of  Mill  Creek,  and  occupying  a  position  below  and 
apparently  geologically  beneath  the  Table  Mountain  flow.    JS'ear  the 
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eastern  end  of  the  ridge  the  contact  of  the  latite  with  the  clastic 
andesite  is  finely  shown  (PI.  V).  The  lower  portion  of  the  massive 
flow  is  nsually  highly  vesicular,  and  at  the  x>oint  shown  in  the  illus- 
tration there  is  a  cavity  about  3  feet  in  height  in  the  under  side  of  the 
ilow,  its  interior  being  lined  with  exceedingly  frothy  lava.  At  a  short 
distance  from  the  bottom  the  latite  becomes  less  vesicular  and  takes 
on  the  usual  platy  structure,  passing  with  increasing  thickness  into 
columnar  parting.  The  character  of  the  underlying  andesite  at  this 
place  is  shown  in  PL  VI.  The  material  shows  a  rude  stratification 
and  the  fragments  are  rounded  or  subangular,  indicating  that  they 
were  water  deposited. 

As  already  noted,  the  eastern  end  of  the  ridge  falls  off  abruptly  in  a 
high  bluff,  in  which  are  exposed  over  400  feet  of  nearly  horizontal  beds, 
comx)Osed  of  andesitic  sands  and  gravels  partly  consolidated.  They 
form  a  part  of  the  andesitic  tuff  series,  but  are  somewhat  more  water- 
worn  and  better  stratified  than  usual  in  this  region.  (PL  VII.)  The 
craggy  masses  in  the  upper  right-hand  corner  of  the  illustration  are 
composed  of  an  andesitic  breccia,  which  lies  at  a  considerable  angle 
and  unconformably  upon  the  stratified  andesitic  beds  and  underlies  the 
Table  Mountain  flow.  It  appears  to  belong  to  the  period  of  latitic 
eruptions,  and  to  have  immediately  preceded  the  first  of  these.  It 
has  very  little  horizontal  persistence,  but  is  probably  the  equivalent  of 
the  conglomerate  noted  in  a  similar  position  beneath  the  lower  latite 
flow,  east  of  McKay's  mill. 

At  the  western  end  of  a  little  meadow  lying  on  the  crest  of  the  ridge, 
near  its  eastern  end,  the  Table  Mountain  flow  exhibits  the  interesting 
rounded  forms  shown  in  PL  VIII.  These  recall  certain  spheroidal 
structures  occurring  in  the  Mesozoic  basalts  at  Point  Bonita,^  in  the 
Coast  Eanges,  although  they  are  not  so  perfect  as  the  latter.  They 
are  clearly  not  due  to  weathering  and  exfoliation,  as  the  surface 
shown  is  perfectly  bare  of  soil  and  exhibits  only  the  merest  traces  of 
superficial  decomposition.  It  is  undoubtedly  a  structure  produced 
during  the  cooling  of  the  molten  mass,  and  is  replaced  a  few  yards  away 
by  the  ordinary  columnar  structure  (PL  IX).  The  surface  shown  in  the 
illustration,  PL  VIII,  is  probably  but  little  different  from  that  of  the 
original  flow,  and  exhibits  well  its  locally  rolling  character.  That  the 
ice  at  one  time  surmounted  the  ridge  is  indicated  by  the  granitic  bowl- 
ders which  occur  perched  here  and  there  upon  the  lavas,  but  it  does 
not  api>ear  to  have  acted  as  an  effective  eroding  agent. 

At  various  places  on  the  ridge  the  biotite-augite-latite  rests  upon  the 
Table  Mountain  flow  with  an  average  thickness  of  something  less  than 
50  feet,  while  on  top  of  it  again  are  masses  of  the  Dardanelle  flow,  with 
an  observed  thickness  of  100  feet.  This  latter  rock  generally  shows  a 
smaller  columnar  structure  than  the  Table  Mountain  flow,  the  columns 
being  rarely  a  foot  in  diameter  and  nsually  short  and  irregular. 

»Uniy.  of  Calif.,  Dept.  GeoL,  BuU.,  VoL  I.,  M«3-«e,  pp.  71-114. 
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Probably  no  known  area  in  the  Sierra  Nevada  presents  a  more  inter- 
esting succession  of  volcanic  rocks  than  the  cluster  of  peaks  known 
as  the  Dardanelles.  As  a  whole  they  have  never  been  closely  studied, 
and  the  present  information  has  been  derived  merely  from  a  short 
reconnaissance  of  the  western  peak^  and  an  ascent  to  its  summit. 
This  peak  is  made  up  of  a  series  of  volcanic  flows  resting  upon  the 
granite  as  a  basement,  at  an  elevation  of  about  7,600  feet  above  sea. 
On  the  west  side  (the  side  shown  in  PI.  Ill)  the  lower  member  of  the 
volcanic  series  is  composed  of  several  flows  of  olivine-basalt,  aggre- 
gating from  500  to  000  feet  in  thickness.  This  basalt  has  suflered 
greater  decomx>osition  than  the  latites,  and  forms  a  steep,  weathered 
slope,  leading  up  to  the  base  of  the  lofty  cliflFs  which  give  the  peak  its 
striking  outline.  That  the  rocks  composing  this  slope  are  true  surface 
flows  is  indicated  by  the  frequent  vesicular  and  amygdaloidal  bands 
from  10  to  40  feet  in  thickness,  which  are  exposed  in  the  small  gullies 
channeling  the  weathered  rock.  The  vesicles  are  usually  lined  with 
zeolites  in  the  fortn  of  thin  inciiistations. 

Besting  sometimes  directly  upon  the  olivine-basalt,  sometimes  sep- 
parated  from  it  merely  by  a  thin  layer  of  volcanic  conglomerate,  is  a 
thick  mass  of  dark,  columnar  augite  latite,  forming  a  vertical  cliff 
over  400  feet  in  height.  The  lower  25  or  30  feet  of  the  cliff  face  shows 
a  very  vesicular  facies,  becoming  compact  and  columnar  higher  up.  A 
short  distance  away  from  the  mountain  it  could  be  seen  that  the  col- 
umns became  much  larger  some  distance  up  the  cliff,  but  it  was  not 
possible  to  determine  whether  this  difference  in  size  was  significant  of 
any  division  into  an  upper  and  lower  flow,  or  whether  the  whole  cliff 
face  consisted  of  the  Table  Mountain  flow.  Hand  specimens  from  the 
base  of  the  cliff'  show  a  facies  much  like  the  typical  Dardanelle  flow, 
while  fragments  fallen  from  the  upper  portions  exhibit  the  thoroughly 
characteristic  features  of  the  Table  Mountain  facies.  The  difference, 
however,  is  not  greater  than  might  easily  obtain  between  the  middle 
and  basal  portions  of  a  single  thick  flow. 

The  conglomerate,  mentioned  as  occurring  between  the  olivine-basalt 
and  the  base  of  the  latite,  is  composed  chiefly  of  waterworn  volcanic 
pebbles,  some  of  which  are  identical  with  the  underlying  basalt,  while 
others  appear  to  be  andesitic,  or  possibly  latitic,  in  character.  The 
bed  is  a  lenticular  one,  about  12  feet  in  thickness  and  of  small  lateral 
extent. 

Ehyolitic  material  was  not  observed  on  the  west  side  of  the  peak,  but 
an  area  of  massive  rhyolite  is  shown  on  the  map  just  west  of  the  peak 
and  crossed  by  the  trail  going  down  to  Highland  Greek.  This  is  the  only 
area  of  undoubtedly  massive  rhyolite  met  with  in  the  district  embraced 
by  the  map.  It  rests  immediately  upon  the  granite,  and,  like  the  rhyo 
litic  tuff  of  the  region,  is  probably  older  than  the  andesites  and  latites. 

Above  the  heavy  columnar  Table  Mountain  flow,  and  forming  the 
extreme  summits  of  the  West  Dardanelle,  some  rounded,  dumpling- 
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shaped  masses  could  be  seen,  which  the  glass  showed  to  have  the 
smaller  columnar  structure  generally  associated  with  the  uppermost, 
or  Dardanelle  flow. 

On  the  southeast  side  the  ascent  to  the  top  of  the  x>eak  is  not  diffi- 
cult. It  was  found  that  the  lowermost  member  of  the  volcanic  series 
on  this  side  is  a  rhyolitic  tuff,  inclosing  foreign  waterwom  x)ebbles,  and 
about  50  feet  thick,  probably  resting  on  the  granite,  although  the  base 
was  not  seen.  Above  the  tuff  the  same  olivinebasalt  already  men- 
tioned is  exposed  for  a  thickness  of  150  feet.  The  succeeding  300  feet 
of  vertical  elevation  is  occupied  by  a  very  rough  talus  slope,  composed 
of  fallen  columns  from  the  cliffs  above,  which  on  this  side  show  a 
height  of  nearly  500  feet  by  aneroid  barometer.  The  lower  200  feet  of 
the  cliff  exposed  is  coarsely  and  somewhat  irregularly  columnar; 
toward  the  top  this  passes  gradually  into  a  zone  charaeterized  by  a 
horizontally  platy  structure,  which  in  turn  is  succeeded  by  an  irregu- 
larly jointed  and  vesicular  upper  portion,  becoming  a  flow  breccia  at 
the  extreme  top.  No  evidence  was  found  on  this  side  of  the  mountain 
to  indicate  that  this  thickness  of  500  feet  is  made  up  of  any  more  than 
the  single  Table  Mountain  flow.    Its  bottom,  however,  was  not  seen. 

On  the  top  of  this  thick  flow,  exposed  in  the  saddles  between  the 
three  summits  shown  on  the  map,  lies  the  biotite-augite-latite  of  the 
second  flow,  here  50  feet  in  thickness. 

The  summits  themselves  are  composed  of  remnants  of  the  Dardanelle 
flow,  which  on  the  western  knob  has  a  thickness  of  at  least  IGO  feet. 
It  shows  the  usual  small  columns  and  fresh  bare  surface,  its  dissection 
being  due  rather  to  an  undermining  and  falling  away  of  the  columns 
than  to  its  own  weathering.  The  entire  thickness  of  the  latites  here 
exposed  is  at  least  710  feet,  and  of  the  entire  volcanic  accumulation 
above  the  granite  1,210  feet.  These  figures,  however,  are  from  aneroid 
readings,  while  the  topographical  map  would  indicate  a  total  thickness 
of  1,400  feet.  It  is  noteworthy  that  this  thickness  does  not  include 
any  of  the  ordinary  andesitic  breccia  which  elsewhere  occurs  in  such 
volume  beneath  the  latites. 

The  Dardanelle  Cone,  9,529  feet,  the  highest  peak  of  the  group,  was 
not  visited.  It  owes  its  name  to  its  sharp  conical  summit  as  seen  from 
the  west,  but,  like  the  West  Dardanelle,  appears  to  be  made  up  of 
horizontal  volcanic  rocks  resting  upon  the  granite.  The  lower  beds 
are  light  in  color,  suggesting  rhyolitic  or  andesitic  tuff's. 

The  view  from  the  summit  of  the  West  Dardanelle  is  in  many  ways 
an  exceedingly  interesting  one.  In  the  immediate  foreground,  to  the 
west  and  north,  lies  a  broad  basin  of  bare,  glaciated  granite,  rounded 
and  polished  by  the  ice,  and  dotted  here  and  there  with  lakes  or  grassy 
meadows.  To  the  south  lies  the  gorge  of  the  Middle  Stanislaus — too 
deep  and  narrow  for  its  bottom  to  be  seen,  even  from  such  a  vantage 
point.  But  if  the  eyes  are  withdrawn  from  what  lies  just  below  them 
and  allowed  to  sweep  the  horizon,  the  attention  is  at  once  attracted  by 
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tbe  several  peaks  of  similar  structure  to  that  upon  whicb  the  observer 
stands;  that  is,  they  are  made  up  of  nearly  horizontal  flows  or  breccia 
beds,  resting  ui>on  a  granitic  basement.  Not  only  are  they  of  similar 
structure,  but  they  stand  with  their  tops  close  to  an  imaginary  xdane 
having  a  noticeable  slope  to  the  southwest,  the  general  western  slope 
of  the  range,  which  is  rendered  more  apparent  when  seen  from  so  high 
an  altitude.  Toward  the  west  the  ridges  are  lower,  and,  as  has  been 
shown,  are  comiK)sed  in  part  of  the  same  latitic  flows.  To  the  east 
and  northeast  they  are  higher  and  less  continuous,  being  frequently 
isolated  peaks,  and  less  is  known  of  the  nature  of  their  volcanic  caps. 
It  is  probable  that  they  are  in  part  composed  of  latite,  as  Whitney* 
mentions  the  occurrence  of  lava  similar  to  the  Table  Mountain  flow 
south  of  Hermit  Valley.  But  they  are  probably  largely  made  up  of 
the  ordinary  andesitic  breccia  of  the  range.^  This  appears  to  be 
especially  true  of  the  ridges  to  the  southeast  across  the  main  Stanislaus 
Elver.  It  is  evident  that  in  Tertiary  times  this  portion  of  the  range 
was  a  peneplain,  or  a  surface  of  comparatively  gentle  relief,  which  at 
the  end  of  the  Neocene  was  covered  by  volcanic  tuflfs  and  flows. 
Moreover,  the  latite  now  crowning  the  Dardanelles  can  not  mark  the 
upper  limit  of  this  accumulation,  for,  as  has  been  shown  in  the  preced- 
ing pages,  these  lavas  flowed  down  channels  in  the  andesite,  and  were 
in  turn  covered  by  fresh  accumulations  of  the  same  breccia.  The  only 
remnants  of  all  this  volcanic  covering  now  visible  from  the  summit  of 
the  West  Dardanelle  are  a  few  residual  peaks  and  ridges  which,  owing 
to  a  more  resistant  capping,  or  to  other  causes,  have  survived  the  general 
degradation.  The  picture  of  profound  denudation,  shown  in  the 
uncovering  of  the  old  granite  surface  and  its  deep  trenching  by  such 
streams  as  the  Stanislaus,  would  be  impressive  in  any  case,  but  it 
becomes  doubly  so  when  it  is  remembered  that  all  this  lias  taken  place 
in  post-Tertiary  times. 

Thus  far  the  latitic  lavaB  have  been  described  as  if  they  were  confined 
in  their  distribution  to  the  main  line  of  flow  outlined  in  the  preceding 
l>ages.  But  this  is  not  entirely  the  case.  As  shown  on  the  accompany- 
ing map,  the biotiteaugitelatit^ occurs  in  small  isolated  areas  at  con- 
siderable distances  from  the  main  flow-axis,  even  appearing  in  the 
drainage  area  of  the  Mokelumne  Eiver,  to  the  north  of  the  Stanislaus 
Basin.  It  is  i>ossible  that  there  may  be  a  few  more  of  these  patches 
than  have  been  indicated,  as  they  frequently  occur  very  unobtrusively 
near  the  contact  of  the  andesite  breccias  with  the  underlying  granite, 
and  are  often  concealed  in  the  heavy  timber.  In  such  situations  it  is 
generally  impossible  to  determine  positively  whether  the  latite  really 
underlies  the  andesite  or  vice  versa.  South  of  the  Middle  Stanislaus 
are  several  small  areas  of  the  biotite-augitelatite  which  plainly  rest 
ui)on  the  andesitic  breccias  and  tuffs,  in  most  cases  with  evident  uncon- 

1  Anriferoaa  Gravels,  1880,  p.  131. 

*  Seo  Turuer.  Geology  of  the  Sierra  Nevada:  Seventeenth  Ann.  Kept.  V.  S.  Geol.  Survey,  Part  1, 1896, 
pp.  708-709,  for  aomo  iiitereating  uotoa  on  this  region,  with  views  of  the  andesite  breccia  (PL  XXXVI). 
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fonnity.  This  relation  is  well  shown  about  2  miles  southeast  of  Mount 
Knight,  where  the  latite,  beginning  with  a  point  on  the  top  of  the 
ridge  overlooking  the  Middle  Stanislaus,  runs  obliquely  down  over  the 
beveled  edges  of  the  nearly  horizontal  clastic  andesite,  resting  finally 
on  the  schists  of  the  Bed-rock  series  just  above  Bose  Greek. 

As  will  be  seen  in  the  section  devoted  to  the  petrography  of  the  latites, 
the  biotite-augite-latite  has  characteristics  that  render  its  distinction 
from  a  tuff  not  always  easy.  The  fact  that  it  has  a  wider  distribution 
than  the  two  undoubted  massive  flows,  also  suggests  that  it  may  have 
had  a  diflferent  origin.  But  the  field  evidence  does  not  support  the 
view  that  it  is  in  any  sense  a  water-deposited  tuff.  It  is  entirely 
devoid  of  the  horizontal  bedding  characteristic  of  the  known  tuffs  of 
the  region,  and  on  the  other  hand  it  possesses  the  more  or  less  uneven 
upper  and  lower  surfaces,  and  the  ability  to  lie  upon  perceptible  slopes, 
which  are  characteristic  of  true  lava  streams.  It  also  resembles  lavas 
in  being  coarsely  columnar  in  structure,  although,  as  has  been  shown, 
this  structure  may  also  occur  in  undoubted  tuffs.  The  basal  contact 
of  the  biotite-augite-latite  was  nowhere  seen  sufficiently  well  exposed 
to  give  a  decisive  answer  to  the  question  whether  it  is  tuffaceous  or 
massive  in  character. 

PETROGRAPHY   OF    THE    lATITES  Al^D    OF    THE  OTIFER 
VOIiCANIC  ROCKS  ASSOCIATED  WITH  THEM. 

As  frequently  emphasized  in  the  preceding  account  of  its  distribu- 
tion, the  lava  composing  the  Table  Mountain  and  Dardanelle  flows  is 
dark  in  color  and  basaltic  in  general  appearance.  The  earlier  writers, 
without  exception,  referred  to  it  as  basalt,  and  until  very  recently  no 
reason  had  appeared  for  revising  their  determination.  In  1895,  how- 
ever, Turner  wrote  as  follows : 

The  basalt  of  the  Tnoluiiine  Table  Mountain  is  also  a  dark,  heavy  rock,  but  as  may 
be  noted  below  [referring  to  an  accompanying  chemical  analysis]  has  an  unusually 
high  percentage  of  silica  for  a  basalt.  It  is  also  characterized  macroscopically  by 
containing  numerous  cavities  and  tabular  porphyritio  feldspars  which  are  sometimes 
half  an  inch  longj 

In  a  later  paper,  published  after  the  field  seasons  of  1895  and  1896, 
occurs  the  following  paragraph : 

Tertiary  trachytes  are  known  thus  far  only  in  the  area  of  the  Big  Trees  sheet. 
They  occur  both  as  tuffs  (!)  and  massive  flows,  the  latter  strongly  resembling 
basalt  in  macroscopic  appearance.  They  are  placed  with  the  trachytes  chiefly  on 
the  basis  of  their  chemical  composition.  Indeed,  the  Tuolumne  Table  Mountain 
basalt  has  so  high  an  alkali  content  that  it  is  placed  in  the  table  with  the  trachytes 
for  comparison.  This  flow  can  be  traced  from  Knights  Ferry,  in  Stanislaus'  County, 
across  the  Sonora  area  into  the  Big  Trees  district,  not  far  from  where  specimens 
85  and  86  Tuolumne  were  collected.  As  the  writer  has  only  cursorily  examined 
these  trachytes,  the  matter  of  their  classidcation  will  not  be  further  considered  at 
present.* 

>  Rocks  of  the  Sierra  Nevada:  Fourteenth  Ann.  Rept.  U.  S.  Geol.  Sarvey,  Part  II,  18M,  p.  491. 
*  Further  contribntions  to  the  geology  of  the  Sierra  Nevada:  Seventeenth  Ann.  Sept.  IT.  S.  Gpol. 
8lirv»7,PartI,18M,p.7».  Digitized  by  VjiOOglC 
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By  way  of  preliminary  explanation,  it  may  be  stated  that  both  the 
"trachytes"  and  the  "basalt"  referred  to  in  the  foregoing  citation 
are  portions  of  the  latitic  flows  which  form  the  subject  of  the  present 
paper.  This  separation  into  trachyte  and  basalt,  it  will  appear,  was 
not  without  excase  so  long  as  hand  specimens  from  somewhat  widely 
separated  localities  were  made  the  basis  for  such  distinction,  and  the 
mere  fact  that  lavas  belonging  to  one  chemical  and  niineralogical  type, 
if  not,  in  some  cases,  to  one  flow,  could  be  tentatively  classed  as 
trachytes  in  one  place  and  basalts  in  another,  is  not  without  its  bear- 
ing on  the  question  of  their  proper  classification. 

THE  TABLE  MOUNTAIN  FLOW. 

Megascopically  the  Table  Mountain  latite  shows  great  uniformity, 
from  the  end  of  the  flow,  near  Knights  Ferry,  to  the  Dardanelles,  the 
highest  point  at  which  it  has  been  studied.  It  may  become  locally 
vesicular,  especially  at  tbe  top  and  bottom  of  the  flow,  or  show  slight 
variations  in  the  number  and  sixe  of  tlie  phenocrysts,  but  in  general 
the  description  of  any  one  hand  specimen  will  apply  with  but  slight 
modification  to  any  portion  of  the  60  miles  of  flow. 

A  specimen  (1820  S.  N.)  from  just  west  of  Parrott  I^erry,  at  the 
point  where  the  river  has  cut  its  gorge  across  the  line  of  the  lava 
stream,  may  be  considered  as  typical.  This  is  a  dark  rock,  of  compact 
texture  and  basaltic  aspect,  characterized  by  an  abundance  of  large 
glassy  plagioclase  phenocrysts  lying  in  a  dense,  nearly  black  ground- 
mass.  The  plagioclases  are  tabular  parallel  to  the  brachypinacoidal 
faces,  a  common  size  being  about  2  ™">  in  thickness,  8  "*™  in  breadth, 
and  10  "'"*  in  length.  A  length  of  15  ™"'  may,  however,  be  frequently 
observed.  The  cleavage  faces,  on  the  freshly  fractured  rock  surfaces, 
always  show  twinning  according  to  the  albite  law,  and  not  infrequently 
an  additional  twinning  following  the  Carlsbad  law.  Dark  olive-green 
augite  can  be  distinguished  in  the  form  of  phenocrysts,  but  it  is  neither 
an  abundant  nor  a  conspicuous  constituent  as  compared  with  the 
phigiocla^es.  The  rock  is  somewhat  vesicular,  the  vesicles  being 
usually  elongated  in  the  direction  of  flow,  and  occasionally  flUed  with 
calcite. 

Under  the  microscope  the  large  plagioclase  crystals  are  by  far  the 
most  conspicuous  mineral  in  the  slide.  Augite  is  much  less  abundant, 
but  occurs  in  phenocrysts  of  considerable  size  and  usually  of  irregular 
outlines.  Olivine  is  moderately  abundant  in  small,  more  or  less  idio- 
morphic  phenocrysts  up  to  0.6  ■""*  in  length.  The  groundmass  is 
hyalopilitic. 

The  large  plagioclases  generally  show  approximate  crystallographic 
outlines,  but  they  are  often  rounded  and  sometimes  deeply  embayed. 
Although  perfectly  fresh,  they  are  apt  to  be  crowded  with  inclusions  of 
dark,  glassy  base,  giving  them  a  mottled  appearance  not  unlike  the 
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crystal  figared  by  Rosenbusch'  from  a  HuDgariau  augitenodesite. 
They  are  invariably  twinned  in  accordance  witli  the  albite  law,  bat 
the  resulting  lamellad  are  of  very  different  widths,  ranging  from  those 
just  visible  up  to  0.5  """  or  over.  The  frequent  combination  of  Carls- 
bad with  albite  twins  renders  the  determination  of  the  feldspars  by 
Michel  Levy's  method  comparatively  easy.  In  a  section  at  right  angles 
to  the  plane  of  the  brach3rpinacoid,  angles  of  extinction  were  obtained 
on  each  half  of  the  Carlsbad  twin  of  14.5o  and  33.5o,  indicating  a  labra- 
dorite  with  about  the  composition  Ab3An4.  A  section  cut  approxi- 
mately parallel  to  the  brachypinacoid  and  revealing  no  twinning  showed 
the  emergence  of  a  slightly  oblique  acute  bisectrix  and  gave  an  extinc- 
tion angle  of  about  16^  with  the  basal  cleavage,  the  angle  varying 
somewhat  for  different  portions  of  the  crystal. 

Pericline  lamellab  are  occasionally  observed  in  conjunction  with  the 
albite  twinning. 

An  attempt  was  made  to  determine  the  specific  gravity  of  the  pla- 
gioclase  phenocrysts  by  suspending  fragments  in  Thoulet  solution. 
Some  very  small  and  apparently  pure  grains  neither  floated  nor  sank 
at  2.684,  but  the  specific  gravity  of  particles  over  a  millimeter  in  diam- 
eter was  found  to  be  about  2.651.  The  latter  figure  is  undoubtedly 
lower  than  the  true  specific  gravity  of  the  feldspar,  as  it  is  impossible 
to  secure  fragments  that  are  free  from  inclusions  and  yet  large  enough 
to  give  satisfactory  determinations  by  suspension  in  a  heavy  liquid. 

The  augite  phenocrysts  are  generally  irregular  and  rounded  in  out- 
line, but  are  sometimes  crystallographically  bounded  in  the  prism  zone. 
They  are  very  pale  green  in  color,  uonpleochroic,  and  resemble  diopside ; 
but  the  extinction  angle  on  c  is  often  over  40^,  and  sometimes  as  high 
as  45^,  and  they  are  more  properly  classed  as  pale  augite.  As  ZirkeP 
points  out,  such  pale-green  augites  are  characteristic  of  rocks  high  in 
alkalies,  while  brownish  augites  are  more  common  in  basalts. 

The  olivine,  like  the  other  minerals  in  the  slide,  is  perfectly  fresh,  and 
forms  small  crystals,  usually  less  than  0.5  "*"  in  length,  and  showing 
slightly  rounded  crystallographic  outlines.  Although  occurring  in 
much  smaller  crystals  than  the  augite,  it  appears  to  be  nearly  as 
abundant  in  the  thin  section,  and  may  be  regarded  as  an  essential 
constituent  of  the  rock. 

The  groundmass,  from  which  the  phenocrysts  are  distinctly  differ- 
entiated, shows  a  rather  coarse  hyalopilitic  structure,  made  up  of  feldspar 
microlites,  grains  of  magnetite,  augite,  olivine,  and  glass.  Stracturally, 
it  is  very  similar  to  the  olivine  weiselbergite  of  Eosenbusch,^  as  seen 
in  one  of  Voigt  and  Hochgesaug's  thin  sections.  The  feldspar  micro- 
lites usually  show  distinct  albite  lamellae,  which  extinguish  at  consider- 
able angles,  indicating  a  labradorite  but  little,  if  any,  less  basic  than 
the  phenocrysts.    As  one  of  the  distinctive  characters  of  the  latites 


« Mikroskopisohe  Phyeiographte  (3a  e<l.),  Vol.  1, 1892,  PI.  XXIV,  flg.  3. 

*  Lefarbnch  dor  Petrographie,  2d  ed.,  Vol.  I,  1893,  p.  281. 

*  Op.  oit..  Vol.  II,  1890,  p.  054. 
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described  iu  this  paper  is  their  relatively  high  potash  content,  and  as 
Washington^  has  described  orthoclase  iu  rocks  of  almost  identical 
chemical  composition  from  Italy  and  Asia  Minor,  pains  were  taken  to 
determine  whether  any  of  the  microlites  were  potash  feldspars.  Bat 
microscopical  study  gives  no  ground  for  believing  that  any  other  feld- 
spar than  labradorite  is  present.  Some  of  the  labradorite  phenocrysts 
were  observed  to  be  bordered  by  an  extremely  narrow  zone  of  more 
acid  feldspar — possibly  orthoclase.    This,  however,  is  not  common. 

The  glassy  portion  of  the  ground  mass  appears  to  make  up  less  than 
half  its  bulk.  It  is  light  brown  iu  color,  and  quite  turbid  from  the 
presence  of  very  minute  globulites.  The  magnetite  occurs  in  small 
but  distinct  grains,  rather  abundantly  and  evenly  distributed  throuf^h 
the  section.  The  olivine  and  augite  grains  in  the  groundmass  differ  in 
no  way  but  in  their  small  size  from  the  same  minerals  in  the  pheno- 
crysts^  and  are  not  to  be  sharply  differentiated  from  the  latter.  The 
olivine  frequently  occurs  as  inclusions  iu  the  augite,  and  the  latter  is 
sometimes  rncluded  in  the  large  labradorite  phenocrysts.  Apatite 
occurs  iu  small  prisms,  commonly  included  in  the  augite. 

Turner  =*  has  given  a  microscopical  description  of  a  specimen  (3G  S.  !N.) 
collected  from  Table  Mountain  near  Shaws  Flat.    He  says: 

Microscopically  the  Table  Mountain  basalt  shows  large  tabular  feldspars,  smaller 
angites,  and  numerous  olivine  grains  iu  a  nearly  opaque  groundmass,  in  which  are 
very  abundant  feldspar  microlites.  This  groundmass  doubtless  contains  a  large 
amount  of  magnetite,  and  strongly  resembles  some  of  the  sections  of  the  ohler 
basalt.  There  is  a  good  deal  of  brownish  serpentinoid  Kubstauce  iu  the  ground- 
mass.  The  porphyritio  feldspars  arc  polysynthetically  twinned  and  have  a  corroded 
appearance,  due  to  the  abundant  inclusions  of  aggregates  of  opaquo  particles,  with 
Bome  glass  inclusions.    There  is  also  some  serpentine  in  the  large  feldspars. 

An  analysis  of  this  specimen  is  appended  to  his  description  and  has 
been  quoted  iu  Column  I  of  the  table  of  chemical  analyses  on  page  58. 

Mr.  Turner  having  kindly  allowed  me  to  examine  two  thin  sections 
of  this  rock,  it  was  found  that  it  differed  from  most  of  the  specimens 
collected  at  other  points  along  the  Table  Mountain  in  the  slightly 
greater  abundance  of  the  olivine,  in  the  presence  of  the  serpentinous 
patches,  and  in  a  rather  unusual  opacity  in  the  glassy  base.  A  single 
rounded  crystal  of  slightly  pleochroic  orthorhombio  i)yroxene  was  noted 
included  within  a  large  augite  phenocryst,  but  this  mineral  is  very 
rare  in  the  Table  Mountain  flow.  The  groundmass  is  hyalopilitic.  The 
opacity  of  the  groundmass  is  seen  with  high  powers  to  be  due  to  the 
dense  crowding  of  minute  globulites  of  rather  peculiar  character. 
These  globulites  occur  also  in  the  Dardanelle  flow,  and  as  they  have 
been  there  more  studied  their  description  will  be  for  the  present 
deterred. 

A  specimen  (1016  S.  N.)  taken  on  the  trail  passing  over  the  top  of 


'  Italian  petrological  sketches :  Jour.  Gool.,  VoL  IT,  1806,  p.  547  et  aeq.,  and  On  isneoua  rocks  from 
Smyrna  and  Pergamon :  Am.  JTonr,  ScL,  4tli  neries,  Yol.  Ill,  1897,  pp.  41-50. 
s Bocks  of  the  Sierra  Nevada:  Fourteenth  Ann.  Bept.  U.  S.  GeoL  Survey ,  Part  II,  1804,  p.  491. 
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the  mountain  between  Sonora  and  Tuttletown  is  thoroughly  typical 
and  shows  particularly  well  the  numerous  inclusions  in  the  large  lab- 
radorite  phenocrysts.  These  inclusions  are  usually  composed  of  glob- 
nlitic  glass,  with  microlites  of  labradorite  and  augite,  and  are  similar 
to  the  fine  groundmass  of  the  rock. 

Northeast  from  Parrott  Ferry  the  Table  Mountain  flow  was  investi- 
gated microscopically  at  many  points,  with  the  general  result  of  show- 
ing great  structural  and  mineralogical  uniformity.  In  general,  as  the 
flow  is  followed  higher  up  into  the  mountains  the  olivine  becomes 
somewhat  less  abundant  and  sinks  to  crystals  of  smaller  dimensions. 
The  large  labradorite  phenocrysts,  while  preserving  their  size  and 
characteristic  mottling,  seem  to  become  progressively  slightly,  more 
acid,  nnmerous  determinations  by  the  Michel  L<Svy  method  indicating 
that  in  the  more  eastern  portions  of  the  flow  a  labradorite  of  the 
approximate  composition  AbiAui  predominates.  Apatite  is  a  constant 
accessory,  occurring  in  the  groundmass  and  in  the  augites. 

About  IJ  miles  southwest  of  Collyer's  a  facies  (1845  S.  N.)  occurs  in 
which  the  labradorite  phenocrysts  are  somewhat  smaller  than  usual, 
the  rock  standing  megascopically  about  halfway  between  the  normal 
Table  Mountain  facies  and  the  usually  flner-grained  rocks  of  the  third, 
or  Dardanelle,  flow.  A  thin  section  shows  the  usual  phenocrysts  of 
labradorite,  augite,  and  olivine.  The  labradorites  are  twinned  with 
beautiful  sharpness  and  vary  considerably  in  the  number  of  inclusions 
contained  within  them.  One  long  crystal  of  irregular  shape  was 
observed  to  be  a  veritable  sponge,  inclosing  glass  and  microlites  of 
plagioclase  and  augite.  The  groundmass  is  hyalopilitic  and  contains  a 
little  carbonate  scattered  through  it. 

A  specimen  (1945  S.  I^.)  from  the  portion  of  the  flow  1  mile  northeast 
of  McKay's  mill,  shown  in  PI.  IV,  also  has  somewhat  smaller  plagio- 
clase phenocrysts  than  usual,  and  resembles  in  megascopic  character 
the  Dardanelle  flow,  which  lies  above  it,  separated  by  the  biotite-augite- 
latite.  Under  the  microscope,  however,  it  shows  no  marked  difference 
from  other  thin  sections  from  the  same  flow.  There  are  the  same  large 
labradorites  mottled  with  glassy  inclusions  and  showing  albite  twin- 
ning lamellsB  combined  with  those  of  the  Carlsbad  and  pericline  laws. 
Augite  is  present  in  large,  irregular  phenocrysts  and  in  smaller  crystals 
with  idiomorphic  cross  sections  transverse  to  the  prism.  Olivine  is 
distinctly  less  abundant  and  occurs  in  smaller  crystals  than  in  that 
portion  of  the  flow  near  Shaws  Flat  already  described.  In  this  par- 
ticular slide  it  has  been  almost  wholly  altered  to  serpentine,  a  rather 
uncommon  condition  in  the  Table  Mountain  flow.  The  groundmass  is 
finer,  less  opaque,  and  typically  hyalopilitic. 

Across  the  north  fork  of  the  Stanislaus  the  small  area  1^  miles  east 
of  Squaw  Hollow  presents  a  thoroughly  typical  facies  (1913  S.  N.),  both 
megascopically  and  microscopically.  The  large  labradorites  frequently 
show  Carlsbad  twins  and  give  extinction  angles  corresx>ouding  to  the 
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iDixtore  Ab3An4.  They  sometimes  show  deep  and  intricate  embay- 
ments,  and  are  full  of  the  usual  inclusions.  The  augite  occurs  in  char- 
acteristic phenocrysts  and  also  as  small  grains,  which  are  sometimes 
heaped  together  in  a  manner  suggesting  the  aggregates  forme<l  by  the 
magmatic  resorption  of  hornblende  in  many  andesites.  Like  the  Shaws 
Flat  facies  described  by  Turner,  the  glassy  base  is  dark  and  semi- 
opaque,  and  the  slide  contains  small  irregular  patches  of  greenish- 
yellow  serpentine.  The  latter  does  not  show  definite  outlines,  and  is 
not  a  pseudomorpli  after  any  crystalline  mineral.  It  permeates  por- 
tions of  the  slide  irregularly,  and  may  fill  some  small  vesicles.  Augite 
and  olivine  are  less  abundant  than  in  the  Shaws  Flat  rock,  the  latter 
mineral  occurring  only  in  small  crystals  in  the  groundmass. 

The  small  mass  (1794  S.  N.)  resting  upon  the  andesitic  breccia  2  miles 
northeast  of  Ashcraft's  is  megascopically  halfway  between  the  typical 
facies  of  the  Table  Mountain  and  Dardanelle  flows.  Under  the  micro- 
scope it  shows  an  equally  intermediate  character,  and  may  possibly 
belong  to  the  latter  flow.  The  labradorite  (Ab3An4)  phenocrysts  are 
fresh  and  sharply  twinned,  pericline  lamellfc  being  not  uncommon. 
They  show  the  basal  and  brachypinacoidal  cleavages  in  systems  of 
fine  cracks,  and  are  comparatively  free  from  inclusions.  The  other 
phenocrysts  are  augite,  magnetite,  and  olivine,  lying  in  a  hyalopilitic 
groundmass  with  considerable  globulitic  glass. 

As  the  lava  showing  the  spheroidal  forms  seen  in  PI.  VIII  has  been 
subjected  to  chemical  analyses,  it  will  be  described  somewhat  at  length. 
Megascopically  the  rock  (1422  S.  N.)  forming  these  spheroids  is  indis- 
tinguishable from  specimens  collected  from  the  Tuolumne  Table 
Mountain,  40  miles  to  the  southwest.  It  shows  similar  tabular  pheno- 
crysts of  labradorite,  with  here  and  there  an  irregular  crystal  of  augite, 
lying  in  a  compact  dark  groundmass.  The  plagioclases  are  fresh  and 
glassy,  and  their  glistening  cleavage  planes  are  the  most  conspicuous 
features  of  the  freshly  broken  rock,  and  even  of  the  natural  surfaces, 
for  the  weathering  has  been  but  skin  deep.  A  common  size  for  these 
phenocrysts  is  about  2  by  7  by  9"'",  the  plane  of  greatest  extension 
being  the  brachypinacoid.  They  invariably  show  the  albito  twinning 
on  the  basal  cleavage  planes,  and  not  uncommonly  Carlsbad  twinning 
also. 

Under  the  microscope  the  thin  section  (PL  XI,  A)  shows  the  usual 
phenocrysts  of  labradorite  and  pale-greenish  augite  with  small  idio- 
morphic  olivines,  lying  in  a  very  fine,  even  groundmass,  which  is 
typically  hyalopilitic,  showing  flow  lines  of  the  small  lath-shaped  micro- 
lites  around  the  phenocrysts.  The  large  labradorites  show  the  usual 
rounded  and  embayed  outlines,  and  are  mottled  with  abundant  inclu- 
sions. The  latter  are  usually  similar  to  the  glassy  base  of  the  rock, 
but  more  rarely  a  greenish  serpentinoid  substance.  Some  of  the 
labradorites  have  been  broken  in  the  magma  and  the  parts  displaced, 
and  angular  fragments,  probably  of  similar  origin,  are  common.    The 
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PLATE  XL 

MICEOSECTIONS  OF  LATITES  (SEMIDIAGRAMMATIC). 

Angite-latite  (ll22  8.  N.),  Table  Mountain  flow,  sbowiog  general  stmctnre  of  the 
rock,  with  phenocryats  of  labradorite  (Lb),  augite  (A),  olivine  (O),  and  mag- 
netite. 

Biotite-angite-latite  (1955  S.  N.)y  sbowing  eutaxitic  or  ''pipemo"  stractnre. 
The  drawing  shows  phenocrysts  of  labradorite  (Lb),  augite  (A),  biotit«  (B), 
hornblende  (Hb),  and  magnetite,  with  included  rook  fragments,  lying  in  a 
banded  and  partially  brecciated  microlitic  glass. 
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plagioclases  show  the  usaal  combination  of  albite  and  Garlsbail  twin- 
ning, with  occasional  pericline  lamellas.  A  determination  of  the  extinc- 
tion angles  by  Michel  Levy's  method  indicated  a  labradorite  with  the 
composition  Abi  An|.  The  specific  gravity  of  a  small,  apparently  jmre 
fragment  was  foand  by  means  of  Thoulet  solution  to  be  2.648,  which 
is  rather  light  for  apparently  so  basic  a  plagioclase.  The  augite,  which 
is  much  less  abuu^^ant  than  the  labradorite,  is  very  pale  green  in  color, 
nonpleochroic,  and  identical  with  that  already  described.  Sharply 
idiomorphic  cross  sections  of  the  prism  zone  are  rather  more  common 
than  nsnal.  It  is  frequently  twinned  polysyuthetically  on  the  ortho- 
pinacoid  in  the  nsual  manner.  The  olivines  are  fairly  abnndant,  bat 
small.  They  are  generally  fresh,  and  show  crystallographic  outlines, 
but  in  somes  cases  they  are  changed  to  yellow  serpentinous  pseudo- 
morphs.  The  groundmass  around  these  olivine  crystals  is  sometimes 
distinctly  more  finely  crystalline  than  elsewhere,  giving  them  the 
appearance  of  being  surrounded  by  a  faint  halo.  Some  scattered 
crystals  of  magnetite  are  of  sufficient  size  to  be  included  among  the 
phenocrysts. 

The  groundmass  is  truly  hyalopilitic,  and  is  made  up  of  small  slender 
feldspar  microlites,  minute  crystals  of  magnetite,  and  globulites,  all 
lying  thickly  crowded  in  a  clear  glass  of  faint  brownish-violet  tint. 
The  microlites  are  often  so  crowded  that  it  is  difficult  to  find  a  portion 
of  the  section  that  will  show  no  double  refraction  between  crossed 
nicols.  By  using  an  immersion  objective,  however,  and  working  on  the 
thinnest  edges  of  the  section,  it  is  possible  to  differentiate  the  glassy 
matrix  from  the  feldspar  microlites  and  to  see  that  it  is  full  of  crystals 
of  magnetite,  ranging  from  those  that  show  crystal  outlines  down  to 
barely  visible  black  specks.  Associated  with  the  magnetite  grains 
are  numerous  globulites  and  globulitic  granules  of  high  relief  and  faint 
green  tint,  which  are  probably  augite.  From  tliis  it  appears  that  mag- 
netite, although  not  conspicuous  with  low  powers,  is  yet  (^uite  abundant 
in  the  mass  of  the  rock.  Augite,  also,  is  probably  a  more  important 
constituent  than  would  be  indicated  by  its  distinct  crystals. 

The  feldspar  microlites  are  generally  too  small  to  be  determined  optic- 
ally, but  the  better-individualized  ones  generally  show  albite  lamellsB 
with  an  obliquity  of  extinction  corresponding  to  labradorite.  Apatite 
occurs  in  rather  stout,  sharply  hexagonal  prisms. 

A  chemical  analyses  of  this  rock  is  given  in  Column  III  of  the  table 
of  chemical  analyses  on  page  58.  Its  specific  gravity  is  2.67,  which  is 
lower  than  one  would  usually  expect  in  a  rock  of  such  dark  color  and 
compact  texture. 

A  few  hundred  yards  to  the  east  of  the  spheroidal  facies  the  bottom 
of  the  Table  Mountain  flow  is  exposed,  resting  upon  clastic  andesitic 
beds,  as  shown  in  PI.  V.  The  flow  is  here  exceedingly  vesicular  in 
its  lower  portions,  the  large  labradorite  phenocryst  -  being  held  together 
by  a  paste  of  frothy  red  glass.    The  microscope  shows  the  usual  labra- 
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dorite  phenocrysts  fall  of  glass  inclusions.  Angite  was  observed  only 
as  an  inclusion  in  one  of  the  labradorites.  The  cementing  material  is 
a  vesicular,  semiopaque  brown  glass,  with  a  few  labradorite  microlites. 
The  turbidity  of  the  glass  is  apparently  due  to  the  oxidation  of  the 
magnetite,  contingent  upon  the  highly  spongy  character  of  the  rock. 
The  inclusions  in  the  large  plagioclases  are  of  the  same  glassy  nature 
as  the  matrix,  while  in  other  occurrences  already  described  the  inclu- 
sions consist  of  more  or  less  individualized  groundmass,  thus  indicat- 
ing that  crystallization  went  on  in  the  included  portions  as  well  as  in 
the  groundmass  outside  the  labradorite  phenocrysts. 

At  the  West  Dardaiielle  the  latite  of  the  Table  Mountain  flow  (1023 
S.  N.)  is  megascopically  identical  with  the  spheroidal  facies  (1422  S.  N.) 
just  described,  although  its  larger  structure  is  columnar.  Microscopic- 
ally it  resembles  rather  more  closely  the  sections  from  the  Table  Moun- 
tain near  Sonora,  although  with  considerably  less  olivine.  The  large 
labradorites  give  extinction  angles  corresponding  to  a  mixture  Ab  i  Aui. 
They  are  full  of  inclusions  of  glass,  with  sometimes  small  crystals  of 
augite  and  labradorite.  The  augite  phenocrysts  are  larger  and  more 
abundant  than  usual.  They  are  sometimes,  like  the  labradorites,  filled 
with  inclusions,  plagioclase  laths  and  small  patches  of  yellow  serpen- 
tine being  among  the  latter.  The  thin  section  also  shows  serpentinous 
patches  like  those  described  in  the  Tuolumne  Table  Mountain  speci- 
mens. Olivine,  however,  is  not  so  abundant,  being  confined  to  small 
idiomorphic  crystals  scattered  through  the  groundmass.  These  are 
generally  fresh,  but  are  sometimes  partly  changed  to  serpentine. 

A  specimen  (1030  S.  K.)  taken  near  the  upper  surface  of  the  flow  is 
rendered  spongy  by  abundant  small  vesicles.  Under  the  microscope  it 
shows  the  same  phenocrysts  as  the  preceding  rock,  but  the  labradorite 
microlites  in  the  groundmass  are  much  smaller,  and  the  rock  as  a 
whole  is  more  glassy.  With  high  power  the  glass  is  seen  to  be  thickly 
dusted  with  magnetite  and  globulites  and  to  show  the  faint  violet- 
brown  tint  characteristic  of  the  perfectly  fresh  glass  of  these  rocks.  In 
spite  of  the  freshness  of  the  other  constituents,  the  olivine  has  all  been 
altered  to  yellow  serpentinous  pseudomorphs. 

The  microscopic  petrography  of  the  Table  Mountain  flow  has  been 
described  at  some  length  on  account  of  its  interesting  chemical  charac- 
ter, and  for  the  reason  that  such  a  course  seemed  desirable  in  dealing 
with  a  flow  so  greatly  dissected.  It  is  seen  that  in  its  superficial 
appearance  and  in  the  presence  of  olivine  the  augite-latite  tresembles 
the  basalts;  in  the  character  of  the  augite  and  plagioclase,  in  the 
degree  of  preponderance  of  the  feldspathic  constituents,  and  in  the  hya- 
lopilitic  structure  of  the  groundmass,  it  is  more  closely  related  to  the 
andesites;  lastly,  in  the  fine  dissemination  of  the  magnetite,  in  the 
abundance  of  microtine  phenocrysts,  and,  above  all,  in  chemical  compo- 
sition, it  shows  certain  analogies  with  the  trachytes.  No  potash  feld- 
spar has  been  detected  in  any  of  the  thin  sections  studied,  except, 
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possibly,  as  a  very  narrow  fringe  on  some  of  the  labradorite  phenocrysts, 
and  even  this  seems  to  be  the  exception  rather  than  the  rale. 

THE  BIOTITE-AUGITE-LATITE, 

As  already  indicated  in  the  account  of  its  occurrence,  considerable 
difficulty  was  experienced  in  deciding  whether  this  volcanic  rock  was 
a  true  flow,  like  the  Dardanelle  flow  above  it  and  the  Table  Mountain 
flow  beneath  it,  or  whether  it  should  be  classed  as  a  tuft'.  In  spite  of 
the  fact  that  it  frequently  shows  the  presence  of  fragmental  material 
the  rock  is  regarded  as  constituting  a  flow,  for  reasons  that  can  be 
better  appreciated  after  a  petrographical  description. 

The  facies  occurring  witliin  the  drainage  of  Love  Creek,  about  3  miles 
south  of  Big  Trees  post-office,  is  a  thoroughly  typical  one.  A  specimen 
(1882  S.  N.)  taken  just  north  of  the  road,  about  a  mile  southwest  of 
McKay's,  shows  a  bright-gray  rock,  that  sparkles  brilliantly  on  fresh 
surfaces,  from  the  numerous  crystals  of  biotite.  In  contrast  to  the 
Table  Mountain  augite-latite  upon  which  it  lies,  this  rock  has  a  harsh 
or  trachytic  feel  and  is  somewhat  porous.  Besides  the  biotites,  the 
fine,  and  evidently  glassy,  groundmass  holds  small  phenocrysts  of 
clear  sanidine-like  feldspar  and  fragments  of  dark  glass  and  of  glassy 
volcanic  rock.  Some  of  the  black  glass  inclusions  are  irregular  and 
somewhat  angular  in  outline,  while  others  appear  to  be  drawn  out  into 
thin  lenses.  These  lenses,  together  with  the  biotite  crystals,  have  a 
tendency  to  lie  horizontal,  so  that  the  lava  cleaves  most  readily  along 
a  plane  parallel  with  the  top  and  bottom  of  the  flow.  This  arrangement 
is  by  no  means  universal,  however,  for  the  biotite  tablets  are  found  in 
all  positions.  These  latter  are  from  1  to  2  ™'»  in  breadth  and  sometimes 
0.5^™  in  thickness.  They  have  sharp  crystallographic  boundaries,  the 
narrow  planes  of  the  prism  and  clinopinacoid  reflecting  the  light  nearly 
as  brilliantly  as  the  basal  planes. 

The  thin  section  shows  that  the  greater  part  of  the  rock  is  made  up 
of  a  light- brown  glass,  with  a  suggestion  of  violet  in  its  peculiar  tint. 
Scattered  about  in  this  glassy  matrix  are  abundant  phenocrysts  of 
plagioclase  and  biotite,  a  few  broken  or  irregular  crystals  of  augite, 
crystals  of  magnetite  and  apatite,  and  fragments  of  more  or  less  glassy 
volcanic  rocks. 

The  plagioclases  usually  show  beautifully  sharp  twinning  in  accord- 
ance with  the  albite  law,  and  some  show  both  albite  and  Carlsbad  twin 
ning,  with  occasional  i)ericline  lamellae.  The  Carlsbad-albite  twins 
give  extinction  angles  corresponding  to  labradorite  of  the  composition 
Abs  An4.  There  is  no  sanidine  present,  and  the  index  of  refraction  of  all 
the  plagioclase,  as  determined  by  Becke's  method,  is  distinctly  greater 
than  the  balsam  of  the  slide,  which  is  about  1.540.  The  outline  of  the 
plagioclases  is  sometimes  irregular  and  angular,  sometimes  rounded, 
and  sometimes  in  part  defined  by  crystallographic  planes. 

The  biotite  is  abundant  and  in  sharply  bounded  hexagonal  tablets. 
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It  is  bright  chestnut  brown,  with  the  usual  strong  absorption  and  small 
axial  angle.    It  frequently  includes  prisms  of  apatite. 

Augite  is  not  abundant,  and  rarely  shows  crystallographic  outlines. 
It  is  very  pale  green,  and  in  no  way  distinguishable  from  that  in  the 
Table  Mountain  flow,  already  described. 

A  green  hornblende  is  quite  charactistic  of  this  rock,  occurring  in 
nearly  every  slide  of  the  biotite-augite-latite,  but  always  in  strictly 
accessory  amount.  It  is  usually  in  small  shreds  or  irregular  fragments, 
of  which  not  more  than  two  or  three  are  found  in  any  single  thin  sec- 
tion. In  only  two  cases  were  prismatic  cross  sections  seen  with  any- 
thing like  idiomorphic  outline,  the  best  of  these  being  shown  in  PI.  XI, 
B.  The  optical  orientation  is :  a  =  a,  tr  =  ft,  and  jc :  c  =  at  least  11°.  The 
pleochroism  is:  a,  faint  yellow;  fa,  dark  brownish  green,  and  jc,  dark 
green.    The  absorption  is:  a<  h<  jC. 

Magnetite  occurs  in  good-sized  grains  in  the  glass,  sometimes  attached 
to  the  anhedra  of  labradorite  and  augite,  and  frequently  including 
prisms  of  apatite.  The  latter  mineral  also  occurs  isolated  in  the  brown 
glass  in  well-developed  prisms. 

The  sharply  bounded  rock  inclusions,  as  seen  in  the  slide,  are  usually 
of  small  size,  less  than  0.5"""'  in  diameter,  and  rounded  in  outline. 
They  consist  of  fragments  of  andesitic  or  latitic  groundmass,  generally 
indistinguishable,  in  such  small  areas,  from  facies  of  Table  Mountain 
and  Dardanelle  flows.  They  sometimes  contain  phenocrysts  of  labra- 
dorite like  those  occurring  in  the  inclosing  roek.  The  glass  base  of 
these  inclusions  is  usually  gray  and  glDbulitic,  but  sometimes  clear  and 
pale  brown,  like  that  making  up  the  mass  of  the  section.  In  one  case 
a  rounded  inclusion  was  observed  with  a  central  portion  composed  of 
labradorite  microlites  and  gray  glassy  base,  and  a  peripheral  zone  of 
similar  microlites  lying  in  a  clear,  light-brown  glass. 

An  examination  of  the  isotropic  matrix  which  makes  up  the  mass  of 
the  rock  shows  it  to  be  by  no  means  homogeneous.  It  is  a  confused 
mixture  of  shreds  and  strings  of  light-brown,  translucent  glass,  with 
other  portions  which  are  rendered  dark  and  turbid  by  microlites  and 
globulitic  dust.  Sometimes  these  lighter  areas  are  sharply  bounded 
and  resemble  inclusions,  at  other  times  they  fray  out  imperceptibly  into 
the  groundmass,  or  are  drawn  out  in  long  flamboyant  tongues.  Some 
of  the  light-brown  patches  contain  plagioclase  microlites,  and  such  por- 
tions are  not  always  sharply  separated  from  the  nonmicrolitic  areas. 
The  whole  aspect  of  the  thin  section  suggests  that  the  development  of 
a  fluidal  structure  was  followed  by  flow  brecciation  on  a  minute  scale, 
giving  as  a  result  a  rock  that  is  in  some  respects  not  unlike  a  tuff. 
That  the  rock  is  not  an  ordinary  tuff  is  indicated  by  the  close  affinity 
shown  between  the  inclusions  and  the  including  matrix,  by  the  absence 
of  distinctly  foreign  material,  by  the  inclusion  within  areas  of  homo- 
geneous brown  glass  of  labradorite  phenocrysts  exactly  like  those  which 
occur  in  the  finely  brecciated  portions,  and,  lastly,  by  inclusions  of  the 
same  light-brown  glass  within  such  phenocrysts.    p.  . .    ,  j^  GoOqIc 
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On  the  BuppoBition  that  the  rock,  if  a  clastic  tnff,  must  owe  its  pres- 
ent induration  to  the  presence  of  a  considerable  proportion  of  opal 
among  the  isotropic  material,  a  weighed  portion  of  the  finely  powdered 
rock  was  boiled  in  a  platinum  dish  for  two  hours  with  a  10  per  cent 
solution  of  sodium  carbonate.  The  dish  was  allowed  to  stand  for  nine- 
teen hours,  again  heated,  the  liquid  filtered  oft\  and  the  silica  deter- 
mined in  the  usual  way.  The  amount  soluble  under  these  conditions 
was  only  1.6  per  cent. 

A  specimen  (1877,  S.  K.)  from  the  couI^e-like  mass  half  a  mile  north  of 
McKay's,  already  described,  is  slightly  darker  in  color  than  the  fore- 
going, and,  while  plainly  containing  Inclusions,  has  every  appearance, 
both  in  the  field  and  in  the  hand  specimen,  of  being  a  glassy  lava  and 
not  a  tuff. 

At  first  glance  the  tbin  section  looks  tuffaceous,  but  closer  examina- 
tion shows  that  the  shreds  of  violet-brown  glass,  instead  of  behaving 
as  rigid  clastic  fragments,  frequently  curve  around  the  phenocrysts  and 
inclusions  in  well-marked  flow  lines,  or  conform  to  their  shape.  The 
glass  has  a  rather  more  distinct  violet  tint  in  this  section,  and  is  a  little 
more  abundant,  than  in  the  one  just  described.  There  is  also  a  little 
more  augite.    The  specific  gravity  of  the  rock  is  2.47. 

One  mile  northeast  of  McKay's,  on  the  river  slope  of  the  ridge, 
the  biotite-augite-latite  (1944  S.  N.)  resembles  megascopically  that  first 
described  (1882  S.  K.),  but  shows  many  long-drawn-out  lenses  of  dark 
glass.  Under  the  microscope  it  shows  comparatively  few  phenocrysts 
or  inclusions  and  a  large  proportion  of  the  faint  violet-brown  glass. 
One  small  fleck  of  green  hornblende  occurs  in  the  slide. 

The  latite  of  the  elliptical  area  (1977  S.  1^.)  shown  on  the  map  IJ 
miles  a  little  west  of  south  from  Fennessy's,  and  overlain  by  andesitic 
breccia  and  tuff,  is  light  gray  in  color,  with  a  somewhat  more  earthy 
texture  than  usual,  and  less  biotite.  Under  the  microscope  it  shows 
the  usual  characteristic  features,  although  the  biotite  is  not  quite  so 
abundant.  There  are  a  few  fragments  of  the  green  hornblende  present. 
The  shreds  of  pale-brown  glass  show  some  flow  structure  and  are  bent 
around  the  phenocrysts  and  included  fragments. 

A  specimen  (1955  S.  N.)  taken  near  the  southern  end  of  the  inclosed 
area  of  granite,  about  halfway  between  Fennessy  and  Clover  meadows, 
is  a  light-gray  facies  with  abundant  feldspar  phenocrysts,  but  not  much 
biotite.  In  thin  section  (PI.  XI,  B)  this  rock  appears  thoroughly  typ- 
ical. The  glass,  which  makes  up  the  greater  part  of  the  slide,  is  brown 
and  turbid,  but  shows  eutaxitic  banding,  with  excellent  flow  structure. 
In  this  glass  lie  the  phenocrysts  of  plagioclase,  biotite,  and  augite,  with 
the  usual  fragments  of  volcanic  rock.  The  plagioclases  are  twinned 
with  beautiful  sharpness,  and  several  readings  on  albiteCarlsbad  twins 
indicated  a  labradorite  a  trifle  more  basic  than  Ab3An4.  The  biotite  is 
rather  more  abundant  than  the  hand  specimen  indicates,  and  occurs  in 
the  usual  tablets  with  inclusions  of  apatite.  The  augite  occurs  some- 
times in  isolated  fragments,  or  anhedra,  and  sometimes  intergrown 
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and  partly  surroanded  by  the  labradorite  crystals.  One  sharply  idio- 
morphic  section  of  the  green  hornblende  occars  in  the  slide,  being  cut 
transverse  to  the  prism  and  showing  the  usual  amphibole  outline  and 
cleavage.  Magnetite  is  in  crystals  and  aggregates  up  to  0.5'"™  in 
diameter,  and,  like  the  augite  and  biotite,  frequently  inclades  apatite 
crystals. 

At  a  point  3|  miles  southwest  of  Clover  Meadow,  and  a  little  over  1 
mile  west  of  the  bold  spur  marked  7100  (feet)  on  the  map,  occurs  a 
dark-gray  facies  (1420  S.  N.),  with  the  usual  phenocrysts  of  microtine 
and  biotite.  It  contains  small  rock  fragments,  bat  has  on  the  whole 
the  appearance  and  consistency  of  a  lava  rather  than  a  tuff.  The 
microscope  shows  the  usual  structure  of  these  rocks,  with  the  charac- 
teristic brecciated  eutaxitic  glass.  The  latter  is  brown  and  more  tur- 
bid than  is  generally  the  case,  and  is  probably  somewhat  weathered. 
Phenocrysts  of  feldspar  are  fairly  abundant.  They  are  sometimes 
broken  and  angular  and  occasionally  slightly  embayed,  but  they  often 
preserve  their  original  crystallographic  outlines.  Combination  twins, 
according  to  both  albite  and  Carlsbad  laws,  are  common,  and  the  plagio- 
clase  is  labradorite.  The  phenocrysts  are  generally  rather  free  from 
inclusions,  and  show  the  basal  and  brachypinacoidal  cleavages 
unusually  well.  The  other  phenocrystic  minerals  are  biotite,  augite, 
and  magnetite.  Apatite  occurs  in  small  prisms  included  in  all  the 
other  minerals. 

Some  of  the  bands  and  shred-like  patches  of  brown  glass  show  a 
striking  mottled  appearance,  produced  by  thickly  crowded  round  spots 
of  shadowy  outline,  surrounded  by  darker-brown  rims.  The  lighter 
central  portions  of  these  spots  show  an  obscure  radial  arrangement,  as 
if  from  a  very  imperfect  spherulitic  structure.  No  distinct  microlites 
can  be  made  out,  however,  although  there  is  some  slight  double  refrac- 
tion between  crossed  nicols.  The  usual  inclusions  of  latitic  ( f )  ground- 
mass  with  lath-shaped  plagioclases  occur  in  this  facies,  but  the  charac- 
ter of  the  surrounding  matrix,  with  its  fluxion  phenomena,  precludes 
the  idea  of  the  rock  being  a  tuff.  An  analysis  of  this  facies  is  given 
on  page  58,  Column  VI  of  the  table. 

A  mile  southwest  of  the  little  pond  in  Clover  Meadow  is  a  remnant 
of  the  biotite-augite-latite  (exaggerated  on  the  map),  resting  upon  the 
andesite  breccia.  It  is  very  similar  in  appearance  to  the  facies  just 
described,  but  shows  marked  flow  structure,  which  is  brought  out  by 
atmospheric  etching  on  exposed  surfaces.  Long-drawn-out  and  parallel 
lenses  of  nearly  black  glass  are  noticeable  in  the  hand  specimen  (1948 
S.  N.).  Under  the  microscope  it  is  noteworthy  for  its  fine  large  pheno- 
crysts of  labradorite  ( Ab3An4)  and  biotite  and  the  wavy  and  contorted 
areas  of  clear,  light-brown  glass.  Augite  is  also  present  among  the 
phenocrysts,  and,  what  is  not  known  elsewhere  in  this  rock,  a  few 
crystals  of  orthorhombic  pyroxene  and  some  scattered  grains  of  olivine. 
The  orthorhombic  pyroxene  occurs  in  stout  prisms,  rounded  at  the 
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endS}  and  up  to  0.6  ™"'  in  length.  It  is  distinctly  pleochroic,  with 
strictly  parallel  extinction  and  low  doable  refraction,  and  is  readily 
distingoished  from  the  pale- green,  nonpleochroic  aagite.  It  is  probably 
enstatite  or  bronzite,  and  it  appears  to  be  identical  in  pleochroism 
and  double  refraction  with  the  orthorhombic  pyroxene  in  the  so-called 
enstatite-porphyrite  of  the  Cheviot  Hills.  The  olivine  is  in  small 
irregular  grains,  and  not  abundant;  but  its  presence  is  interesting,  as 
it  is  rare  to  find  biotite,  ortliorhombic  pyroxene,  and  olivine  all  present 
in  an  effasive  rock  of  intermediate  composition.  The  green  hornblende, 
frequently  referred  to  as  a  characteristic  accessory  in  the  rock  of  this 
flow,  occurs  both  in  the  glassy  part  of  the  section  and  in  one  of  the 
included  volcanic  iragmeuts.  There  are  also  present  the  usual  prisms 
of  apatite  and  a  little  magnetite. 

The  large  labradorites  are  often  intergrowu  with  the  augite,  showing 
that  the  latter  mineral  is  the  younger.  All  the  phenocrysts  occur  both 
in  the  clear  brown  glass  and  in  the  turbid,  confused,  and  microlitic 
matrix  between  the  clearer  streaks.  The  apatite  is  included  in  the 
glass  and  in  all  the  larger  i)henocrysts  save  the  olivine.  The  more  or 
less  rounded  fragments  of  volcanic  rock  in  the  section  are  plainly 
locally  inclusions,  but  they  show  a  mineralogical  resemblance  to  the 
rock  in  which  they  are  inclosed  and  may  not  have  been  derived  from  a 
wholly  foreign  source.  Some  of  them  show  only  very  small  feldspar 
microlites  embedded  in  a  brown  glass  like  that  so  abnndant  in  the 
inclosing  rock.  One  compound  inclusion  was  noted  wliich  consisted  of 
several  small  rounded  fragments  of  microlitic  brown  glass  inclosed 
in  a  similar  fine  groundmass  of  slightly  different  color.  This  strongly 
suggests  that  the  greater  part  of  the  inclusions  in  the  biotite-augite- 
latite  are  not  foreign  material,  but  represent  portions  of  the  magma, 
which,  having  attained  a  certain  degree  of  crystallization,  were  brec- 
ciated  by  the  movement  of  the  lava  stream  and  disseminated  through 
its  more  glassy  portions. 

A  specimen  (1435  S.  X.)  from  the  ridge  just  south  of  Clover  Meadow 
is  a  light-gray  rock  with  phenocrysts  of  biotite  and  microtine  and  small 
rounded  fragments  of  volcanic  rock,  lying  in  a  fine  light-gray  and  some- 
what j[)orous  groundmass.  This  is  probably  the  most  tuffaceous  facies 
in  external  appearance  of  the  whole  flow.  Under  the  microscope  it 
shows  the  usual  phenocrysts  of  labradorite,  biotite,  and  augite  in  a 
matrix  made  up  of  light-brown  glass.  The  i)roportion  of  glass  in  the 
slide  is  larger  than  usual  and  has  a  fine  shred-like  character.  It  would 
perhaps  be  impossible  to  determine  satislactorily  from  a  microscopic 
examination  of  this  slide  whether  it  should  be  classed  as  a  tuff  or  not. 
Some  of  the  shreds  of  glass,  however,  are  molded  to  the  form  of  the 
phenocrysts.  A  small  fragment  of  green  hornblende  was  observed 
isolated  in  the  glass,  while  another  crystal,  partially  resorbed  and  sur- 
rounded by  a  dark  granulated  border  of  augite  and  magnetite,  was  seen 
in  one  of  the  fragmental  inclusions. 
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All  inclusion  (1436  S.  N.)  of  much  larger  size  than  any  observed  by 
me  was  found  by  Mr.  H.  W.  Turner  in  the  biotite-augite-latite  just 
described.  It  measures  about  6<^*°  in  diameter  and  is  rather  angu- 
lar in  outline.  It  is  a  hard,  compact  rock,  light  gray  in  color,  showing 
small  phenocrysts  of  plagioclase  and  augite,  and  is  apparently  an  andes- 
ite.  Under  the  microscope  it  shows  phenocrysts  of  plagioclase,  augite, 
and  orthorhombic  pyroxene,  with  moderate-sized  grains  of  magnetite, 
lying  in  a  very  fine  hyalopilitic  groundmass.  The  plagioclases  are 
labradorite,  apparently  a  little  more  basic  than  Abj  An^.  The  albite 
twinning  is  not  so  regular  as  in  the  latites,  and  the  combination 
with  the  Carlsbad  law  not  quite  so  frequent,  bat  with  the  peridine 
law  more  so.  They  frequently  show  zonal  structure  with  undulatory 
extinctions,  especially  in  brachypinacoidal  sections.  The  phenocrysts 
are  usually  small,  few  in  the  section  being  over  1'""*  in  length. 

The  orthorhombic  pyroxene  occurs  in  nearly  colorless  crystals  of 
prismatic  habit  up  to  about  0.75"'"'  in  length,  usually  with  more  or  leas 
rounded  or  irregular  ends.  Cross  sections  of  the  prism  show  rectan- 
gular outlines  with  slightly  truncated  corners,  due  to  the  dominant 
development  of  the  brachypinacoid  and  macropinacoid.  The  prismatic 
cleavage  is  well  developed,  while  the  macro  pin  acoidal  cleavage  is  indi- 
cated only  by  a  few  fine  cracks.  The  extinctions  are  always  parallel  to 
the  traces  of  the  pinacoids.  Sections  transverse  to  the  prism  show  the 
emergence  of  a  bisectrix,  with  a  large  axial  angle.  By  comparison  with 
the  interference  figures  given  by  longitudinal  sections,  and  by  using 
the  method  given  by  Michel  Levy,^  it  was  determined  that  this  is  the 
acute  bisectrix.  The  optical  orientation  is:  a  =  a,  ft  =  h,  and  c  =  c 
The  mineral  is  therefore  optically  positive.  The  index  of  refraction  is 
not  noticeably  different  from  that  of  the  monoclinic  pyroxene  in  the 
slide,  but  the  double  refraction  is  much  lower,  ranging  from  gray  to 
pale  straw-yellow.  The  pleochroism  is  distinct:  a  =  very  pale  brown 
b  =  very  light  yellow,  and  c  =  pale  green. 

From  the  foregoing  description  it  is  seen  that  the  pyroxene  has  the 
optical  orientation  of  enstatite  or  bronzite;  but  the  distinct  pleochro-. 
ism  and  large  axial  angle  point  rather  to  bronzite  than  to  enstatite. 

This  inclusion  is  accordingly  a  bronzite-augit.e-andesite,  identical 
with  specimens  that  will  be  described  from  the  underlying  andesitic 
breccia,  and  was  probably  caught  up  (with  other  similar  ones  noted  at 
the  same  locality)  by  the  latite  from  the  clastic  beds  over  which  it 
flowed. 

The  general  microstructure  of  the  biotite-augite-latite  appears  to 
approach  very  closely  to  the  eutaxitie  structure  as  the  term  was  first 
employed  by  Fritsch  and  Eeiss,'  who  applied  it  to  certain  fades  of 
phonolites,  andesites,  and  trachytes  possessing  some  resemblances  to 

1  Le«  niiD6raux  des  rocbes,  Paris,  1888,  p.  95. 

>  Geologmche  Beschreibnng  dea  Insel  Tenerife,  Winterthnr,  1868,  pp.  414-422;  also  abstract  io 
NeoM  Jabrbuob  fur  Mln.,  etc.,  1868.  pp.  752,  84»-852. 
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clastic  rocks  and  inclosing  undoubted  clastic  fragments.  They  dis- 
tinguished agglomerate  lava,  in  which  the  structure  was  supposed  to  be 
due  to  a  partial  refusion  of  clastic  material,  from  pipemo,  in  which  por- 
tions of  the  magma  in  different  stages  of  crystallization  are  brought 
into  juxtaposition  by  the  motion  of  the  flow.  Common  usage,  however, 
has  somewhat  altered  the  original  application  of  the  term  eutaxitic,  so 
that  it  frequently  implies  merely  a  fluidal  banding  brought  about  by 
alternating  streaks  of  microfelsitic  and  clear  glass,^  or  is  even  used  as 
"a  general  name  for  banded  volcanic  rocks."*  That  such  can  hardly 
have  been  the  earlier  application  of  the  word  appears  from  the  discus- 
sion that  has  centered  about  the  original  piperno  of  Pianura  in  the 
Phlegraean  Fields,  near  Naples,  a  rock  that  Fritsch  and  Eeiss  took  as 
the  second  tyx>e  of  eataxitic  structure,  and  which  appears  to  resemble 
in  some  ways  the  biotit43-augite-latite  of  California.  Luigi  delP  Brba' 
considers  this  rock  a  tuff,  but  the  greater  number  of  petrographers 
have  regarded  it  as  a  lava  flow.  Zirkel  *  refers  to  it  as  a  sanidine  tra- 
chyte with  eutaxitic  structure,  remarking  t  hat  Luigi  dell'  Erba's  view 
is  not  even  probable,  while  Eoseiibusch  ^  cites  it  as  an  example  of  his 
Ponza  type  of  the  trachyte  family.  Such  a  discussion  could  scarcely 
have  arisen  were  the  structure  co.  cerned  a  simple  banding  such  as  is 
observed  in  many  vitrophyres,  and  which  no  petrographer  could  for  a 
moment  regard  as  iiidicatiug  a  tufl'aceous  origin.  Kiich,^  following  the 
terminology  of  lleiss,  describes  both  kinds  of  eutaxitic  structure,  the 
agglomerate  lava  and  the  piperno,  as  occurring  in  the  dacites  and  an- 
desites  of  Colombia.  The  latter  form  is  particularly  abundant,  and  Kuch 
remarks  that  it  is  at  times  impossible  to  distinguish  the  two  varieties, 
as  the  piperno  often  contains  included  fragments  of  other  andesites. 
Wichmann,^  in  describing  an  augite-mica-andesite  from  the  Indian 
Archipelago  having  a  structure  apparently  nearly  identical  with  that 
of  the  biotite-augite-latite  of  the  preceding  pages,  refers  to  it  as 
having  piperno  structure;  and  there  seems  to  be  little  doubt  that  this 
latter  name,  as  used  by  the  petrographers  cited,  expresses  accurately 
the  structure  of  the  second  flow  of  the  Sierra  Nevada  latites. 

When,  on  the  other  hand,  a  thin  section  of  the  last  named,  rock  is 
compared  with  that  of  a  lava  having  typical  flow  banding — as,  for 
example,  the  beautiful  vitrophyre  of  San  Lugano,  in  the  Tyrol,  or  the 
pitchstone-vitrophyre  occurring  between  Lake  Lugano  and  Lago  Mag- 
giore,  both  of  which,  according  to  Eoseubasch,^  often  show  eutaxitic 

•Zirkel,  Petrographie,  3d  ed.,  Vol.  I,  1893.  p.4C5. 

sRemp,  Handbook  of  Kocka,  New  York,  189G,  p.  136. 

'Oioinal  di  MiDeralogfa,  etc.,  Vol.  Ill,  1892,  pp.  23-54. 

«Loc.  dt.,  Vol.  n.  p.  796. 

■Mlkroakopische  Pbyalo^aphie,  3d  ed.,  Vol.  H,  1896,  p.  766. 

'Geologiache  Sindien  in  der  Bepablik  Colombia,  I  Petrographie,  1.  Die  vnlkaniachen  Geateine, 
B«rUn,  1892,  pp.  84-86. 

'Petrograpbiache  Stadien  iiber  den  indiachen  Archipel,  abstract  in  Neues  Jabrbucb  flir  Min.,  etc., 
1887,  Vol.  I.  p.  283. 

•Loo.oit.,p.a08. 
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fac*Jes — the  chief  difference  seems  to  lie  in  a  ^eater  irregularity  and 
brecciatioQ  of  the  bauds  in  the  latite,  and  in  the  presence  of  included 
rock  fragments. 

In  looking  over  the  large  collection  of  volcanic  rocks  brought  from 
Asia  Minor  by  the  Assos  Expedition,  and  now  at  Harvard  University, 
it  was  found  that  the  peculiar  structure  of  the  biotite-augite-latite  was 
exactly  reproduced  in  a  specimen  (A.  E.  310)  from  near  the  Hot  Springs 
of  Touzla,  in  the  southwestern  part  of  the  Troad.  This  specimen,  as 
Mr.  J.  S.  Diller  very  kindly  informed  the  writer,  <■  belongs  to  the  lower 
portion  of  a  flow  of  rhyolite,  near  its  contact  with  the  underlying  tuff. 
The  rhyolite  some  distance  away  from  the  contact  is  deep  flesh  red. 
Near  the  contact  it  is  frequently  black  and  glassy,  inclosing  many 
fragments  of  the  tuff  over  which  it  flowed."  The  hand  specimen  shows 
a  light-gray,  very  glassy  rock,  with  streaks  of  dark  glass  and  abun- 
dant.angular  glassy  inclusions  of  light-buff  color,  together  with  small, 
slightly  rounded  volcanic  fragments,  resembling  superficially  those  in 
the  latite. 

Under  the  microscope  the  similarity  of  structure  is  remarkable.  The 
light-brown  glassy  streaks,  alternating  with  microlitic  patches,  show 
the  same  confused  and  brecciated  appearance  as  in  the  latite.  Phe- 
nocrysts  of  biotite  and  feldspar  are  abundant,  and  there  are  numer- 
ous small  rounded  inclusions  of  some  andesitic  rock.  The  structural 
resemblance  between  the  Touzla  rock  and  the  biotite-augite-latite  is  so 
close  that  only  a  critical  investigation  of  the  phenocrysts  and  inclu- 
sions would  serve  to  distinguish  an  unlabeled  thin  section  of  the  former 
from  one  of  the  latter.  To  make  the  resemblance  still  closer,  no  sani- 
dine  was  seen  in  the  Asia  Minor  rock,  all  the  phenocrysts  in  the  thin 
section  being  plagioclase  (andesine  or  labradorite). 

Another  specimen  (A.  E.  531)  which,  according  to  Mr.  Diller,  is  firom 
"one  of  the  large  flows  of  rhyolite  forming  the  plateau  that  lies  between 
the  Touzla  liiver  and  the  southern  coast  of  the  Troad,  west  of  Assos," 
shows  a  very  similar  structure,  while  specimens  from  near  Baba-galessi 
(A.  E.  659  and  A.  E.  560)  exhibit  gradations  into  nearly  or  quite  typical 
unbrecciated  flow-banding. 

The  object  of  this  comparison  is  not  to  show  that  these  specimens 
from  the  Troad  are  chemically  or  mineralogically  identical  with  the 
biotite-augite-latite,  but  merely  to  draw  attention  to  their  structural 
identity,  and  the  fact  that  they  occur  as  true  flows  and  not  as  tuffs. 

As  an  historical  illustration  of  the  difliculty  that  sometimes  exists  in 
distinguishing  a  tuff  from  a  massive  lava  may  be  recited  the  case  of 
the  so-called  "  peperino "  near  Viterbo,  in  Italy,  which,  according  to 
Washington,^  is  probably  a  tuff,  although  it  possesses  some  apparent 
flow  structures,  and  has  been  by  earlier  investigators  frequently  desig- 
nated a  massive  rock. 

There  has  been  mentioned  the  occurrence  near  Mill  Creek  of  a  vitro- 


1  ItaUan  petrulogical  Bketcliea,  II :  J  uiu-.  Geol.,  Vol.  IV,  1890,  pp.  838-840. 
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phyric  laVa  which,  though  underlying  some  augite-latite  belonging 
apparently  to  the  Table  Mountain  flow,  yet  resemblen  the  biotite- 
augite-latite  that  usually  rests  upon  the  latter  flow.  Megascopically 
this  rock  (1866  S.  N.)  is  a  gray,  extremely  brittle  glass  with  a  pitchstone- 
like  luster.  It  is  speckled  with  a  few  minute  feldspar  pheuocrysts  and 
shows  streaks  of  black  glass  and  also  lighter-colored  glassy  patches 
resembling  inclusions. 

Under  the  microscope  the  thin  section,  consisting  chiefly  of  pale 
violet-brown  glass,  shows  the  eutaxitic  structure  already  ftiUy 
described,  but,  as  might  be  expected  from  the  megascopic  appearance 
of  the  rock,  approaches  a  little  more  nearly  the  ordinary  flow  structure 
of  the  vitrophyres.  This  glass  contains  numerous  angular  (rarely 
rounded)  fragments  of  labradorite  (Ab3An4),  less  abundant  anhedra 
of  pale- green  augite,  a  few  flakes  of  biotite,  and  an  occasional  prism  of 
orthorhombic  pyroxene.  Most  of  the  slides  examined  also  show  one  or 
two  shreds  of  green  hornblende.  Apatite  occurs  in  small  prisms, 
especially  as  inclusions  in  the  augite,  and  there  are  also  a  few  grains  of 
magnetite  present.  Like  the  typical  biotite- augite-latite,  this  facies 
frequently  shows  small  rounded  inclusions  of  volcanic  rock  consisting 
of  small  microlites  of  plagioclase  in  a  glassy  base,  but  it  differs  from 
all  the  known  occurrences  of  the  former  in  being  more  glassy  and  in 
the  paucity  of  biotite.  A  chemical  analysis  of  this  rock  will  be  found 
in  Column  VII  of  the  table  of  analyses  on  page  58;  it  will  be  seen  to 
have  more  silica,  and  less  lime,  magnesia,  iron  oxides,  and  alumina, 
than  the  other  latites. 

Immediately  above  the  facies  just  described,  and  also  at  Clover 
Meadow,  is  a  rather  peculiar  lava  (1867  S.  N.  and  1428  S.  N.)  of  light 
brick-red  color,  containing  a  few  small  empty  cavities,  but  of  generally 
compact  texture  and  speckled  with  small  phenocrysts  or  fragments  of 
glassy  feldspar.  In  its  general  aspect  the  rock  is  rhyolitic,  although 
differing  from  the  ordinary  white  rhyolites  of  the  district,  which,  as  far 
as  known,  are  all  older  than  any  of  the  andesitic  breccias.  UiTder  the 
microscope  the  rock  shows  phenocrysts  of  feldspar,  frequently  broken 
and  angular,  with  occasional  flakes  of  biotite,  lying  in  a  reddish,  tur- 
bid, microfelsitic  groundmass.  The  feldspars  are  all  plagioclase,  and 
some  of  the  sharply  twinned  individuals  give  extinction  angles  indi- 
cating labradorite  as  basic  as  Ab3An4.  The  matrix  in  which  they  lie 
has  its  original  structure  obscured  by  secondary  silicification  and  by 
the  separation  of  ferric  oxide,  but  appears  to  show  some  remnants  of 
the  vitrophyric  structure  observed  in  the  preceding  rock.  There  are 
apparently  the  same  patches  of  bent  and  contorted  glass,  with  occa- 
sional small  rounded  inclusions  of  volcanic  rock.  A  partial  chemical 
analysis  of  this  red  lava  is  given  in  Column  IX  of  the  table  of  chemical 
analyses,  page  58.  It  is  higher  in  silica  than  any  of  the  latites,  but' 
too  low  for  a  typical  rhyolite.  The  amount  and  relative  proi)ortions  of 
the  alkalies,  too,  give  no  very  definite  information  as  to  its  proper  posi- 
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tion,  and  it  is  uncertain  whether  it  should  be  classed  as  a  somewhat 
weathi,x*ed  superficial  portion  of  the  vitrophyric  latite  below  it,  or 
whether  it  is  a  very  thin  flow  belonging  rather  with  the  rhyolites.  The 
former  supposition,  however,  seems  much  more  probable,  as  in  the 
latter  case  it  would  indicate  a  rhyolitic  eruption  of  much  later  date 
than  that  of  the  normal  white  rhyolites  and  rhyolite  tuffs  which  lie  at 
the  base  of  the  whole  Neocene  volcanic  series.  For  this,  however, 
there  is  no  evidence  other  than  the  two  widely  separated  and  insignifi- 
cant patches  of  red  lava  just  described,  which  is  certainly  not  a  typical 
rhyolite,  and  does  resemble  the  rather  acid  latite  (1866  S.N.)  just 
beneath  it. 

THE  DARDANELLE  FLOW. 

The  rock  of  the  youngest  of  the  three  flows  resembles  very  closely 
that  of  the  oldest  or  Table  Mountain  flow,  and  this  resemblance  is  in 
a  few  cases  so  close  that  it  would  be  impossible  to  say  to  which  flow  a 
given  hand  specimen  belonged.  Considered  in  their  typical  develop- 
ment, however,  the  two  facies  are  fairly  distinct.  The  augite-latite 
(1260  S.  N.),  forming  the  extreme  summits  of  the  West  Dardanelle, 
may  be  taken  as  a  typical  facies  of  the  Dardanelle  flow.  This  is  a 
dense,  nearly  black  rock,  ringing  clearly  under  the  hammer  and  break- 
ing with  a  clean,  slightly  conchoidal  fracture.  The  broken  surfaces 
show  clear  glassy  phenocrysts  of  plagioclase,  resembling  those  oi  the 
Table  Mountain  flow,  but  smaller,  sharper,  and  less  abundant.  Their 
basal  cleavage  faces  show  albite  lamellae,  frequently  combined  to  form 
Carlsbad  twins.  Close  inspection  will  generally  reveal  a  few  small 
phenocrysts  of  augite,  but  the  plagioclases  are  the  only  conspicuous 
megascopic  crystals.  They  lie  in  a  very  compact,  nearly  black  ground- 
mass,  in  which  a  good  lens  can  detect  only  a  few  feldspar  microlites. 

The  microscope  shows  phenocrysts  of  labradorite,  augite,  and  olivine, 
with  apatite  and  magnetite,  lying  in  a  light-brown  hyalopilitic  ground- 
mass.  The  labradorites  are  the  largest  and  by  far  the  most  abundant 
phenocrysts  in  the  slide,  but  are  rarely  more  than  5"™  in  length.  They 
are  fresh  and  sharply  twinned,  but  often  carry  inclusions  of  glassy 
base,  much  as  do  the  larger  phenocrysts  of  the  Table  Mountain  flow, 
and  occasionally  include  small  augites.  They  are  usually  tabular 
parallel  with  the  brachypinacoid,  and  the  prevailing  section  is  lath- 
shaped.  Observations  on  albite-Carlsbad  twins  by  Michel  Levy's 
method  gave  extinction  angles  indicating  a  labradorite  of  the  compo- 
sition AbiAni.  The  outlines  of  the  phenocrysts  are  generally  sharper 
and  less  embayed  than  in  the  Table  Mountain  flow. 

The  augite  is  identical  with  that  in  the  latter  flow,  but  is  in  smaller 
crystals  and  shows  a  greater  tendency  toward  sharpness  of  crystallo- 
graphic  outline,  especially  in  the  prism  zone. 

The  olivine  occurs  usually  in  idiomorphic  crystals  of  small  size  scat- 
terea  through  the  groundmass,  but  occasionally  one  of  larger  size  is 
met  with  ^  j 
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The  hyalopilitic  groandmass  shows  sharp,  clear  feldspar  microlites, 
with  more  or  less  flow  stracture,  lying  iii  &  light-brown  glass.  These 
plagioclases  usually  show  albite  twinning  with  extinction  angles  corre- 
sponding to  labradorite.  Bifurcated  ends  are  common.  The  brown 
semiopaque  glass  is  quite  abundant,  and  makes  up  a  considerable  part 
of  the  section.  It  shows  a  rather  noticeable  fin 3  mottling,  suggesting 
an  incipient  sphernlitic  structure  and  apparently  produced  by  the 
crowding  together  of  very  minute  brown  globulites.  The  magnetite, 
instead  of  being  minutely  disseminated  through  the  glass,  as  is  common 
in  these  rocks,  forms  small  crystals  and  aggregates  readily  seen  with 
low  power. 

The  si>ecimen  just  described  was  taken  from  the  highest  i>oint  of  the 
peak.  A  second  (1024  S.  N.)  from  near  the  bottom  of  the  same  flow  was 
very  similar  in  thin  section,  but  is  slightly  weathered.  The  glass  is 
gray  instead  of  brown,  is  finely  globulitic,  and  has  the  magnetite  a 
little  more  finely  disseminated.  Apatite,  in  small  prisms,  occurs  in 
both  slides. 

A  hand  specimen  (1421  S.  N.)  firom  the  summit  of  the  ridge,  one-half 
mile  east  of  Clover  Meadow,  is  megascopically  identical  with  that  just 
described.  Under  the  microscope  the  chief  diflerences  to  be  observed 
are  a  more  pronounced  flow  struc^ture  and  a  slightly  greater  abundance 
of  augite,  olivine,  and  apatite.  The  labradorite  phenocrysts  are  more 
basic,  readings  on  albite-Carlsbad  twins  indicating  a  composition  near 
Ab3An4.  The  widths  of  the  albite  lamellae  are  very  variable.  The 
augite  phenocrysts  occur  in  stout  prisms,  very  pale  green  in  color,  gen- 
erally crystallographically  bounded  in  the  prism  zone,  but  rounded  on 
the  ends.  Extinction  angles  were  obtained,  of  o :  jc  =  45^ .  The  largest 
augite  phenocryst  in  the  slide  is  less  than  2  "^^  in  length.  The  olivine  is 
in  small,  sharply  idiomorphic  crystals,  and  in  larger  anhedra  from 
0.6™"  to  1  ""  in  diameter.  Apatite  is  noticeably  abundant  in  rather 
stout,  well-formed  prisms,  both  in  the  augite  and  in  the  groundmass. 
This  is  evidently  a  somewhat  more  basic  facies  than  that  on  the  sum- 
mit of  the  West  Dardanelle. 

The  most  interesting  facies  (1419  S.  K.)  of  the  Dardanelle  flow  occurs 
3f  miles  southwest  of  Glover  Meadow,  at  the  point  where  the  latites 
pass  under  a  portion  of  the  andesitic  breccias  to  the  west.  Megascopi- 
cally the  rock  resembles  very  closely  the  rocks  just  described,  but  the 
groundmass  is  apparently  slightly  more  crystalline. 

Under  the  microscope  it  shows  the  usual  phenocrysts,  lying  in  a 
groundmass  that  is  distinctly  more  crystalline  than  the  preceding,  and 
recalls  certain  facies  of  the  Table  Mountain  flow.  The  plagioclases  are 
beautifully  twinned  according  to  the  albite,  together  with  the  Carlsbad, 
and  occasionally  the  pericline,  laws.  The  extinction  angles  (30^  and 
13.60, 290  and  15^)  on  albite-Garlsbad  twins,  cut  in  a  zone  x>eri)endicu- 
lar  to  the  twinning  plane,  indicate  a  labradorite  somewhat  more  basic 
than  Ab3An4.  Some  of  the  larger  crystals  have  glassy  inclusions,  as 
in  the  Table  Mountain  flow.    The  specific  gravity  of  these  labradorite 
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pbeiiocrysts,  determined  by  suspending  a  small  fragment  in  Thonlet 
solution,  is  2.667,  which  is  rather  low  for  a  labradorite  of  such  basicity 
as  the  extinction  angles  indicate. 

The  augite  is  identical  with  that  already  described.  Sharply  idio- 
morphic  cross  sections  of  the  prism  zone  are  frequent,  and  often  show 
twinning  on  the  orthopinacoid.  Extinction  angles  were  measured  up 
to  c  :  jc  =  44°.    Olivine  is  present  only  in  very  subordinate  amount. 

The  groundmass  consists  of  well-developed  lath-shaped  microlites  of 
plagioclase  and  small  crystals  of  augite,  olivine,  and  magnetite,  lying 
in  a  gray  cloudy  glass.  The  great  preponderance  of  the  feldspars,  both 
in  the  groundmass  and  among  the  phenocrysts,  is  a  striking  charac- 
teristic of  the  slide.  The  lath-shaped  feldspars,  which  are  thickly 
crowded  together,  are  generally  twinned,  and  have  extinction  angles 
corresponding  to  labradorite.  When  the  section  is  examine<l  with  low 
power  and  crossed  nicols  it  is  very  difficult  to  make  out  any  glass. 
The  spaces  between  the  distinctly  lath-shaped  plagioclases  nearly  all 
show  more  or  less  double  refraction,  the  only  parts  remaining  dark 
being  such  as  are  already  rendered  nearly  opaque  by  thickly  crowded 
globulites.  By  using  an  immersion  objective,  and  focusing  up  and 
down  in  the  section,  it  appears  that  the  labradorites  of  the  groundmass 
are  really  tabular  parallel  with  the  brachypinacoid,  and  that  these 
faintly  doubly  refracting  portions  of  the  slide  are  the  result  of  an  over- 
lapping of  glass  and  approximately  brachypinacoidal  sections  of  labra- 
dorite. They  generally  show  the  emergence  of  an  acute  bisectrix  or 
optic  axis  in  convergent  light,  which,  combined  with  the  fact  that  they 
seldom  occupy  the  full  thickness  of  the  thin  section,  is  sufficient  to 
account  for  their  low  double  refraction  and  rather  uncertain  extinc- 
tions. Naturally  they  do  not  show  the  albite  twinning.  It  was  at  first 
supposed  that  they  might  be  orthoclaae,  or  at  any  rate  a  different  feld- 
spar from  the  well-defined  labradorite  laths,  but  careful  focusing 
showed  that  all  gradations  could  be  traced  from  sections  of  labradorite 
cut  at  right  angles  to  the  plane  of  greatest  extension,  and  therefore 
showing  sharp  albite  twinning  and  usually  occupying  the  full  thickness 
of  the  slide,  to  those  cut  at  an  oblique  angle  and  showing  more  shadowy 
lamellfe  and  less  distinct  lath-shaped  outline,  and  finally  to  sections 
cut  at  only  a  very  small  angle  with  the  brachypinacoid,  occupying  but 
a  fraction  of  the  whole  thickness  of  the  section,  or  thinning  out  to  a 
feather-edge,  and  consequently  showing  no  twin  lamination  and  low 
double  refraction. 

The  glass  in  which  these  well-developed  plagioclases  lie  is  in  itself 
clear  and  colorless,  but  is  usually  crowded  with  dark  globulites  which 
render  it  nearly  opaque  with  low  or  moderate  powers.  By  using 
Becke's  method  the  clear  glass  shows  a  lower  index  of  refraction  than 
the  balsam,  although  the  observation  is  difficult  to  make  on  account  of 
the  abundant  globulites.  With  a  No.  YII  Seibert  immersion  lens  these 
globulites,  which  appear  like  black,  opaque  dust  particles  with  low 
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powers,  are  in  part  transparent,  and  composed  of  a  pale  greenish  sab- 
stance  of  high  refractive  index.  Within  this  substance  is  frequently  a 
smaller  black  dot  which  remains  opaque  and  is  probably  magnetite. 
In  their  general  appearance  the  globulites  with  dark  central  spots 
recall  tbe  well-known  cells  seen  in  micro-preparations  of  hyaline  carti- 
lage. Not  all  the  globulites,  however,  are  compound.  Some  are  wholly 
transparent,  while  others  are  wholly  opaque.  It  is  thought  that  the 
transparent  greenish  substance  is  probably  augite. 

A  portion  of  this  rock  was  finely  powdered  and  passed  through  a 
No.  120  sieve.  The  fine  dust  was  sifted  out  through  a  piece  of  linen 
and  the  remaining  powder  washed,  dried,  and  placed  in  Thoulet  solu- 
tion of  about  3.15  sp.  gr.  A  powder  at  once  fell  which  consisted  of 
augite,  olivine,  and  magnetite.  Upon  dilution  to  sp.  gr.  2.626,  about 
half  the  remaining  powder  came  down.  This  portion  was  easily  sepa- 
rated by  a  small  horseshoe  magnet  into  two  parts,  a  magnetic  black 
powder  and  a  nonmagnetic  white  powder.  The  magnetic  portion  exam- 
ined under  the  microscope  was  found  to  consist  of  fragments  of  the 
globulitic  glass,  in  which  were  included  microlites  of  the  variotfs  min- 
erals of  the  groundmass,  particularly  labradorite.  The  nonmagnetic 
IK>rtion  consisted  of  fragments  of  labradorite  free  fr*om  glass. 

Upon  dilution  of  the  heavy  solution  to  sp.  gr.  2.485,  practically  all 
the  powder  fell.  This  portion  also  was  nearly  all  magnetic,  and  the 
magnet  left  only  a  small  residue  of  white,  nearly  pure  plagioclase 
powder.  The  black  magnetic  portion  seen  under  the  microscope 
resembled  that  just  described.  No  great  difference  could  be  observed 
between  the  powder  which  fell  at  2.626  and  that  which  came  down  at 
2.4S5,  except  that  the  nonmagnetic  portion  was  smaller  in  the  latter. 
This  lack  of  distinctive  difference  was  probably  due  to  the  unusual 
fineness  of  the  powder  and  its  tendency  to  float  in  the  fluid.  It  is 
evident  from  the  exi)eriment,  however,  that  the  globulites  consist  in 
part  of  magnetite,  and  that  the  latter  mineral  forms  an  important, 
although  not  conspicuous,  constituent  of  tbe  rock.  The  speciflc  gravity 
of  the  rock  as  determined  by  the  chemical  balance  is  2.61.  The  glass 
in  which  the  globulites  lie  must,  accordingly,  be  light. 

In  an  attempt  to  determine  the  part  played  by  the  considerable  per- 
centage of  potash  shown  in  the  chemical  analysis  of  the  rock  (Column 
IV,  page  58),  a  few  grains  of  the  magnetic  and  of  the  nonmagnetic  pow- 
der were  treated  with  hydrofluosilicic  acid.  The  magnetic  powder 
afforded  abundant  crystals  of  potassium  fiuosilicate,  as  well  as  of  sodium 
and  other  bases,  while  the  nonmagnetic  grains  showed  only  the  fluosili- 
cates  of  sodium,  calcium,  and  aluminium,  indicating  that  the  greater 
part  of  the  potash  is  in  the  undifferentiated  glass,  a  result  that  accords 
with  its  low  specific  gravity. 

The  other  constituents  of  the  groundmass  consist  of  not  very  abun- 
dant grains  and  crystals  of  augite,  olivine,  and  magnetite,  some  small 
patches  of  greenish-yellow  serpentine,  and  an  occasional  small  zircon. 
Bull.  89 4 
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A  rock  remarkably  similar  to  the  one  just  described  was  found  in  the 
Assos  collection  already  referred  to.  This  (A.  E.  240)  is  a  dark,  com- 
pact rock  with  splintery  fracture,  resembling  a  basalt,  and  labeled  as 
coming  from  Ilusseinfagy,  Asia  Minor.  Under  the  microscox>e  it  shows 
pheuocrysts  of  labradorit«  and  pale-greenish  augite.  The  groundmass 
shows  the  same  structure  as  the  preceding  rock,  the  same  well-develoi)ed 
plagioclase  laths,  and  a  glassy  matrix  thickly  crowded  with  the  ssvme 
dark  globulites.  The  thin  section  also  contains  numerous  small  serpen- 
tinous  pseudomorphs,  after  a  mineral  that  was  apparently  olivine. 

In  the  absence  of  a  chemical  analysis  it  would  be  hardly  safe  to  assert 
the  practical  identity  of  this  rock  with  the  Dardauelle  latite;  but  the 
work  of  Washington  ^  on  the  rocks  of  Smyrna  and  Pergamon  shows  that 
the  chemical  type  of  the  latites  is  well  represented  in  this  region. 

A  specimen  (1956  S.  N.)  from  the  other  side  of  the  andesitic  ridge, 
about  a  mile  from  the  preceding,  stands  megascopically  halfway 
between  the  typical  Dardanelle  facies  and  the  typical  Table  Mountain 
facies,  showing  phenocrysts  of  labradorite  up  to  10""^'  in  length. 

Under  the  microscope  the  thin  section  shows  the  usual  labradorite 
and  augite  crystals,  with  smaller  ones  of  magnetite.  The  olivine  is  very 
inconspicuous  and  appears  to  be  confined  to  scattered  grains  or  small 
crystals  in  the  groundmass.  The  latter,  which  is  rather  coarsely 
hyalopilitic,  consists  of  well-develox)ed  laths  of  plagioclase  lying  in  a 
light-brown  glass.  These  laths,  instead  of  having  squarely  truncated 
ends,  show  a  great  tendency  toward  skeletal  forms,  splitting  up,  and 
projecting  long,  delicate  spines  into  the  glass.  Others  consist  of  a  thin 
rectangular  shell  filled  with  brown  glass.  This  glass,  which  occupies 
a  considerable  proportion  of  the  slide  between  the  larger  laths,  has  a 
beautiful  frosted  appearance,  due  to  its  being  crowded  with  still  more 
delicate  forms  of  growth  than  those  of  the  larger  laths.  All  the  latter 
are  well  twinned  and  show  extinction  angles  corresponding  to  labra- 
dorite. Small  prisms  of  apatite  and  grains  of  magnetite,  augite,  and 
olivine  are  the  other  constituents  of  the  groundmass.  The  glass,  when 
examined  with  an  immersion  lens,  is  seen  to  be  full  of  minute  globu- 
lites, which  give  it  its  brown  color.  Some  of  the  larger  of  these  are 
transparent. 

Three-fourths  of  a  mile  northward  from  the  locality  of  the  foregoing 
specimen  a  remnant  of  the  Dardanelle  flow,  too  small  to  map  without 
exaggeration,  rests  upon  a  larger  and  broader  mass  of  the  biotit>e-augite- 
latite.  It  is  very  frothy  in  places,  especially  near  it*  base,  and  the 
specimen  (1953  S.  N.)  taken  from  the  more  compact  portion  shows 
numerous  small  round  vesicles.  Megascopically  it  resembles  closely 
some  of  the  Table  Mountain  latite,  the  labradorite  phenocrysts  being  a 
little  larger  and  more  abundant  than  in  the  typical  Dardanelle  facies. 
The  microscope  shows  large  phenocrysts  of  plagioclase  and  smaller 
ones  of  olivine  and  augite  lying  in  a  hyalopilitic  groundmass. 


>  Am.  Jour.  Sci.,  4th  Boriee,  Vol.  Ill,  1807,  pp.  41-50. 
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The  plagioclases  are  twinned  with  beautiful  sharpness,  frequently 
combining  both  albite  and  Carlsbad  laws.  Determinations  made  on 
such  compound  twins  by  the  method  of  Michel  Levy,  using  the  con- 
venient little  apparatus  devised  by  Jaggar^  to  tilt  the  section  into 
the  proper  positions,  indicated  a  mixture  somewhat  more  basic  than 
Aba  An  4.  These  phenocrysts  are  notable  for  their  frequently  very  irreg- 
ular outlines  and  deep  embayments.  The  bays  often  exhibit  the  flow 
structure  of  the  groundmaas  more  conspicuously  than  other  portions, 
streams  of  parallel  plagioclase  microlites  curving  in  and  out  of  their 
open  mouths,  and  contrasting  with  the  finer  stagnant  groundniass 
caught  in  the  deeper  raiiiiiications  of  the  bays,  and  therefore  out  of 
reach  of  magmatic  currents. 

Next  to  labradorite,  olivine  is  the  most  conspicuous  plienocryst — an 
unusual  thing  in  these  latites.  It  forms  well-bounded  crystals,  in  the 
usual  stout  prismatic  forms,  sometimes  nearly  O.o'"""  in  length.  These 
])henocrysts  are  not  very  abundant,  as  only  iive  were  seen  in  an  ordi- 
nary thin  section  about  l.S**"'  square.  The  augite  is  still  less  abundant, 
and  in  smaller  phenocrysts  than  the  olivine. 

The  groundmass  is  made  up  of  laths  of  labradorite,  small  augites 
and  olivines,  grains  of  magnetite,  a  few  prisms  of  apatite,  and  brown 
glass.  The  labradorite  microlites  show  a  tendency  toward  skeletal 
forms  resembling  those  described  in  the  preceding  slide. 

The  last  specimen  (1886  S.iN'.)  of  the  Dardauelle  flow  to  be  described 
is  from  the  area  one-half  mile  northeast  of  McKay's,  the  most  westerly 
I)oint  at  which  the  lava  belonging  to  this  flow  has  been  identified.  It 
is  here  slightly  vesicular,  with  the  plagioclase  phenocrysts  arranged 
with  their  longer  dimensions  distinctly  parallel.  These  are  sometimes 
10™"  in  length,  and  show  albite  and  Carlsbad  twinning.  Their  size 
and  number  cause  the  rock  to  resemble  the  typical  facies  of  the  Table 
Mountain  flow  very  closely. 

Under  the  microscope  it  shows  large  labradorite  phenocrysts  with  the 
usual  abundant  inclusions,  lying  in  a  groundmass  that  is  something 
between  hyalopilitic  and  intersertal.  It  consists  of  lath-shaped  labra- 
dorite microlites,  crystals  of  augite,  olivine,  and  magnetite,  and  an 
occasional  apatite,  lying  in  a  brown  glass  like  that  in  the  section  just 
described.  A  little  serjientine  is  also  present  iu  the  groundmass,  in 
part  replacing  grains  of  olivine  and  in  part  in  irregular  patches.  'So 
phenocrysts  of  augite  or  olivine  were  seen. 

Fragments  of  labradorite,  picked  out  from  the  powdered  rock  under 
tlie  microscope,  were  found  by  means  of  Thoulet  solution  to  have  a 
si>ecific  gravity  of  2.648,  which  again  is  low  for  a  normal  plagioclase  of 
the  basicity  indicated  by  optical  tests.  But  it  is  extremely  diflftcult 
to  get  fragments  that  are  free  from  glassy  inclusions  and  at  the  same 
time  large  enough  to  give  the  best  results  when  suspended  iu  a  heavy 
fluid. 

^A.  aiinple  instrament  for  inclining  a  preporation  in  the  mioroscope:  Am.  Jonr.  Scl.,  4tb  Beries,  Vol. 
HI,  ISW,  pp.  129-131. 
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From  the  foregoing  descriptions  it  can  be  seen  that  the  typical  facies 
of  the  Dardanelle  flow  resembles  that  of  the  Table  Mountain  flow  very 
closely  indeed,  while  in  certain  facies  they  are  practically  identical. 
The  general  distiugiiishing  features  of  the  Dardanelle  flow  are  quanti- 
tative rather  than  qualitative.  Its  phenocrysts  are  smaller,  the  ground- 
mass  is  finer;  olivine  is  not  quite  so  abundant,  and  occurs  in  smaller 
crystals. 

ASSOCIATED  VOLCANIC  ROCKS. 

Olivine  basaltj  as  already  mentioned,  has  been  met  with  only  at  the 
West  Dardanelle,  where  it  forms  a  thick  series  of  flows,  beneath  the, 
latites^  and  rests  in  part  upon  the  granite  and  in  part  upon  rhyolite 
tiilf.  It  is  a  dark,  even-grained  rock,  in  which  the  only  megascopic 
phenocrysts  are  some  dark-brown  crystals  up  to  0.5  *^"*  in  length,  show- 
ing a  distinct  cleavage,  and  outlines  suggesting  pseudomorphs  after 
olivine.  A  little  fresh  olivine  can  also  be  detected  with  the  lens.  This 
rock  weathers  much  more  readily  than  the  latites  above  it,  and  is  other- 
wise quite  different  megasco|)ically. 

Under  the  microscope  (1007  S.  !N".)  it  shows  a  typical  basaltic  or  inter- 
sertal  structure,  the  well-developed  plagioclase  laths,  averaging  nearly 
0.5  "•"  in  length,  lying  in  every  direction,  with  the  triangular  inter- 
stices flUed  with  a  nearly  opaque  glassy  base  and  abundant  yellow 
l)8eudomorph8  after  olivine.  The  plagioclase  is  perfectly  fresh  and 
8hai*ply  twinned.  Combinations  of  the  albite  and  Carlsbad  laws  are 
frequent,  and  give  extinction  angles  indicating  a  labradorite  rather  more 
basic  than  the  mixture  Aba  An4,  probably  about  Ab^Aus.  Olivine 
occurs  with  the  usual  characteristic  outline,  and  is  the  only  mineral 
that  rises  to  the  rank  of  a  phenocryst.  It  is  very  abundant,  but  is 
rarely  fresh,  being  usually  more  or  less  altered  to  a  bright  orange-yellow 
pseudomorphous  mineral,  which  has  received  the  name  of  iddingsite.^ 
The  alteration  proceeds  from  without  inward,  and  all  stages  may  be 
observed  from  olivines  which  have  just  begun  to  be  attacked  to  those 
which  have  been  wholly  transformed  into  yellow  pseudomorphs. 
Occasionally  there  appears  to  be  an  intermediate  stage,  the  olivine 
being  bordered  by  an  ordinary  greenish  serpentine,  and  this  in  turn 
surrounded  by  the  iddingsite.  This  relationship,  however,  suggests  the 
possibility  that  the  iddingsite  may  be  an  'early,  or  even  a  magmatic,' 
alteration,  whereas  the  serpentine  is  the  ordinary  product  of  atmos- 
pheric weathering.  A  similar  relation  was  noted  in  the  diabase  of  Point 
Bonita.^  The  iddingsite  preserves  perfectly  the  sharp  idiomorphic  out- 
lines of  the  olivine.  In  its  cleavage,  finely  fibrous  structure,  pleochro- 
ism,  and  double  refraction  it  agrees  with  the  iddingsite  described  from 
the  much  older  diabase  of  Point  Bonita,  which  was  regarded  as  being 


I  Lawson,  (Geology  of  Carmelo  Bay :  XTniv.  of  Calif.,  Dept.  GeoL,  Bull.,  Vol.  1, 1893-96,  pp.  31-36.  See 
alao  Bansome,  ibid.,  Vol.  I,  pp.  90-92;  and  Smith,  Proc.  Calif.  Aoad.  Sci.,  3d  series,  Geology,  Vol.  I. 
1897.  pp.  3g-40. 

»Seo  Washington,  Italian  petrological  studies,  II:  Jour.  Geol.,  Vol.  iV,  1896,  pp.  836-836. 

»Loc.cit. 
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probably  derived  from  olivine,  although  the  original  mineral  had  all 
disappeared. 

The  aagite  is  not  abundant,  and  is  rather  unevenly  distributed  in 
the  slide.  It  occurs  in  irregular  areas  between  the  labradorite  laths, 
with  no  crystal  form  of  its  own,  and  has  the  pale-brown  tint  character- 
istic of  basaltic  augites,  as  opposed  to  the  greenish  augites  and  diop- 
sides  of  the  andesites.  Patches  of  greenish-yellow  serpentine  are  abun- 
dant. They  are  rounded  in  outline,  and  appear  to  fill  small  vesicles  in 
the  glassy  base.  The  latter  forms  a  considerable  part  of  the  rock,  and 
is  rendered  nearly  or  quite  opaque  by  a  fine  black  dust,  probably  mag- 
netite. The  specific  gravity  of  the  rock  is  2.78.  A  chemical  analysis 
will  be  found  in  Column  YIII  of  the  table  on  page  58. 

Andesitic  breccia  or  tuff  of  the  ordinary  Sierra  Nevada  type  is,  as 
already  stated,  very  abundant  in  this  region.  It  is  not,  x)etrographic- 
ally  speaking,  a  particularly  interesting  rock,  and  in  spite  of  its  clastic 
origin  the  larger  fragments  show  a  fairly  uniform  character  over  the 
whole  district;  They  are  usually  composed  of  a  hornblende-pyroxene- 
andesite,  in  which  the  large  brown  hornblende  phenocrysts  are  in 
various  stages  of  resorption  in  different  specimens,  so  that  this  mineral 
is  sometimes  a  conspicuous  and  abundant  porphyritic  constituent,  occa- 
sionally showing  crystals  up  to  2.5«™  in  length,  and  at  other  times  has 
almost  wholly  disappeared.  The  other  phenocrysts  seen  in  thin  section 
are  labradorite,  characterized  by  zonal  structure  and  undulatory  extinc- 
tions, pale-green  augite,  orthorhombic  pyroxene,  and  occasionally 
olivine,  all  lying  in  a  liyalopilitic  groundmass  with  rather  abundant 
glass.  Although  many  specimens  and  thin  sections  have  been  studied 
from  different  parts  of  the  area,  three  only,  collected  from  the  breccia 
just  beneath  the  latite  south  of  Clover  Meadow,  will  be  described  in 
full  as  fair  types  of  the  whole. 

The  first  of  these  (1437  S.  F.)  is  dark  gray  in  color  and  shows  black 
phenocrysts  of  hornblende  up  to  5™">  in  length,  and  a  few  small  plagio- 
clases,  lying  in  a  dark,  fine-grained  matrix.  Under  the  microscope  it 
shows  large  phenocrysts  of  brown  hornblende  with  abundant  smaller 
ones  of  plagioclase,  rather  less  numerous  augites,  and  still  less  abun- 
dant orthorhombic  pyroxene.  Among  the  smaller,  less  conspicuous 
phenocrysts  migh  t  also  be  included  olivine  and  magnetite.  The  ground- 
mass  is  light  brown  in  color  and  hyalopilitic. 

The  hornblende  is  the  usual  brown  variety,  and  the  large  crystals 
are  rounded  in  outline  and  surrounded  by  the  opaque  resorption  rims 
common  in  andesitic  rocks.  There  is  frequently  also  an  outer  border 
which  is  distinguishable  from  the  groundmass  in  being  clearer  and  in 
the  local  abundance  of  augite  and  magnetite  grains. 

The  plagioclase  phenocrysts  give  extinctions  of  albite-Carlsbad  twins 
corresx)onding  to  labradorite  ( Ab3An4).  They  are  rather  small,  but  very 
abundant,  and  are  characterized  by  zonal  structure  and  undulatory 
extinctions,  particularly  in    sections    approximately  parallel  to  the 
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brachypinacoid.  In  this  respect  they  are  well  contrasted  with  the 
sharp  regular  twinning  and  definite  extinctions  of  the  labradorite  of 
the  latites. 

The  augite  is  pale  green  to  nearly  colorless,  and  gives  extinction 
angles  of  c*  :  jc  =  about  45°.  It  is  frequently  idiomorphic  in  the  prism 
zone,  and  is  in  general  like  the  augite  of  the  latites. 

The  orthorhombic  pyroxene  occurs  generally  in  smaller  and  more 
slender  prisms  than  the  augite.  It  is  in  every  way  similar  to  that 
described  on  page  42  in  an  andesitic  inclusion  in  the  biotite-latite,  and, 
as  shown  by  its  faint  pleochroism  and  double  refraction,  is  probably 
bronzite  rather  than  enstatite. 

The  olivine  is  in  small  grains  and  irregular  crystals  and  is  quite 
accessory  in  amount. 

The  groundmass  consists  of  small  microlites  of  plagioclase,  usually 
showing  a]  bite  twinning,  and  brown  glass.  The  rock  may  be  called  a 
hornbleude-augite-brouziteandesite. 

A  second  specimen  (1438  S.  N.)  from  the  same  breccia  resembles  the 
preceding,  but  is  a  little  darker  in  color  and  shows  numerous  crystals 
of  dark  olive-green  aagite  2  or  3 '""» in  length.  The  microscope  shows 
large  phenocrysts  of  augite  sind  smaller  ones  of  plagioclase  and  olivine, 
lying  in  a  microlitic  glassy  base.  The  large  augit6s  are  very  pale 
yellowish-green  in  color  and  nonpleochroic.  They  sometimes  show 
crystallographic  outlines,  and  are  sometimes  rounded.  The  angle  c  :  c 
was  found  to  be  at  least  40°. 

Brown  hornblende  in  large  rounded  phenocrysts  with  black  resorp- 
tion rims  also  occurs  in  the  rock,  but  only  a  single  fragment  was 
included  in  the  thin  section  studied. 

The  plagioclases  are  prevailingly  broad  lath-shaped  in  outline,  with 
a  central  portion  full  of  small  glass  inclusions.  They  generally  show 
twinning  according  to  the  albite  law,  not  infrequently  combined  with  the 
Carlsbad  law.  The  measurements  of  the  extinction  angles  of  these  two 
sets  of  lamella3  indicate  a  labradorite  rather  more  basic  than  Ab3An4. 

Olivine  is  rather  abundant,  in  more  or  less  idiomorphic  crystals  of 
small  size,  with  occasional  larger  auhedra,  and  is  quite  fresh. 

The  groundmass  is  rather  glassy,  but  contains  grains  of  magnetite 
and  abundant  small  microlites.  Lath -shaped  microlites  of  feldspar  are, 
however,  notably  lacking,  and  the  groundmass  can  scarcely  be  called 
hyalopilitic.  Apatite  is  present  in  small  amount  as  inclusions  in  the 
augite.  The  rock  may  be  called  a  hornblende-augiteandesit^,  but  the 
abundance  of  the  olivine  indicates  a  rather  close  relationship  with 
the  basalts. 

A  third  specimen  (1439  S.  N.),  much  like  the  preceding,  but  less 
plainly  porphyritic,  is  dark  gray  in  color  and  somewhat  basaltic  in 
appearance.  The  lens  reveals  small  plagioclases,  with  augite  and  oli- 
vine, in  a  fine  dark  groundmass.  Under  the  microscope  it  shows  the 
same  general  structure  as  the  preceding  rocks.    The  augite,  however. 
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IS  in  smaller  phenocrysts  and  not  quite  so  abundant,  and  no  hornblende 
appears  in  the  slide.  The  olivine,  on  the  other  hand,  is  present  in 
rather  greater  amount,  often  partly  serpentinized.  The  plagioclase  is 
labradorite  (Ab3An4),  frequently  showing  wavy  extinctions  and  zonal 
structure.  The  inner  portions  of  the  crystals  are  usually  the  more  basic 
The  rock  would  be  classed  as  an  augite-andesite. 

Types  of  andesite  other  than  those  described  may  be  found  amoug 
the  fragments  of  the  breccia  in  different  i>ortion8  of  the  region.  On  the 
ridge  just  north  of  Beaver  Greek  a  beautiful  light-gray  hornblende- 
andesite  (1966  S.  N.)  was  coUected,  in  which  the  pyroxene  present  is 
confined  to  an  insignificant  amount  in  the  groundmass.  The  horn- 
blende in  this  facies  is  green  in  transmitted  light,  with  the  pleochroism 
a  =  light  greenish  yellow,  h  =  olive  green,  aud  c  =  dark  yellowish 
green.  The  absorption  is  tr  =  jc  >  a,  and  c  :  jc  =  16o  at  least  An- 
other light-gray  fragment  (1976  S.  N.)  with  conspicuous  porphjrritic 
hornblendes,  taken  from  the  breccia  3^  miles  northeast  of  Fennessy's, 
shows  the  usual  brown  hornblende  in  thin  section.  The  groundmass 
contains  abundant  small  microlites,  which  appear  to  be  enstatite.  A 
thoroughly  typical  hornblende-andesite  was  collected  3  miles  south  of 
Big  Trees  in  which  the  hornblende  phenocrysts  are  abundant.  Seen  in 
thin  section,  they  are  surrounded  by  narrow  black  rims  and  show  strong 
pleochroism,  a  =  light  yellowish  green,  h  =  bright  chestnut-brown, 
and  jc  =  deep  rich  mahogany-brown.  The  absorption  is  a  <  b  <  jC 
The  groundmass  is  typically  hyalopilitic  and  contains  a  little  augite. 
Other  andesites  occur  in  which  the  hornblende,  if,  as  seems  probable, 
formerly  present,  has  been  wholly  resorbed,  giving  pyroxene-andesites 
in  which  augite  and  orthorhombic  pyroxenes  vary  in  relative  propor- 
tions. The  rarer  accessory  minerals  of  the  intermediate  effusive  rocks 
are  not  well  represented  in  the  Sierra  Nevada  andesites.  A  small 
crystal  of  zircon  can  occasionally  be  detected,  and  a  single  crystal  of 
mtile  ( t)  was  noted  in  one  thin  section. 

No  chemical  analyses  have  been  made  of  the  andesites  of  this  area, 
but  they  probably  do  not  depart  from  the  ordinary  Sierra  Nevada  type, 
in  which  total  alkalies  are  generally  less  than  6  per  cent,  with  soda  in 
excess  of  potash.  Some  analyses  of  these  andesites  have  recently  been 
published  by  Tnmer.^  '  

Massive  rhyolite  occurs  within  the  area  of  the  map  only  at  the  point 
previously  mentioned,  just  west  of  the  Dardanelles.  It  is  a  fresh, 
nearly  white  rock,  showing  small  phenocrysts  of  sanidine  and  a  pale- 
pink  feldspar,  with  a  few  grains  of  quartz,  lying  in  a  cryptocrystalline 
groundmass.  Under  the  microscope  it  shows  phenocrysts  of  sanidine 
with  an  occasional  acid  plagioclase  and  small  biotite  scales  in  a  nearly 
colorless,  homogeneous,  microfelsitic  groundmass.  The  sanidine  does 
not  show  good  crystal  outlines,  and  is  without  twinning.  It  has  a  lower 
index  of  refraction  than  the  balsam,  a  specific  gravity  as  determined 


1  Seventeenth  Ann.  IJept.  V.  S.  Oeol.  Snrvey,  Part  1, 1896,  p.  731.    ^-^  ■. 
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by  Thonlet  solution  of  2.542,  and  yielded  abundant  octaliedra  of  potas- 
sium fluosilicate  with  hydrofluosilicic  acid.  The  quartz  occurs  in  little 
nests  of  interlocking  grains  and  not  as  distinct  porphyritic  crystals. 
The  groundmass  shows  a  few  scattered  grains  of  magnetite  and  a  small 
crystal  of  zircon. 

Rhyolitio  tuff  is  much  more  abundant  than  the  massive  rhyolite 
within  the  district  studied.  It  is  usually  white  in  color,  fine  grained, 
and  somewhat  friable,  although  secondary  silicification  has  frequently 
indurated  the  exposed  surfaces  of  the  beds.  The  coarser,  more  crum- 
bling facies  generally  show  fragments  of  sanidine,  microtine,  and 
quartz,  and  sometimes,  as  on  the  south  side  of  the  Dardanelles,  water- 
worn  pebbles  of  foreign  material.  As  mentioned  in  the  preceding 
pages,  this  tuff  sometimes  shows  columnar  structure. 

Under  the  microscope  the  rhyolite  tuff  usually  shows  more  or  less 
angular  fragments  of  sanidine,  plagioclase,  and  more  rarely  quartz, 
with  scales  of  biotite,  lying  in  a  nearly  colorless  matrix.  The  latter  is 
almost  isotropic,  but  is  generally  somewhat  chalcedonized.  Most  of  the 
sections  show  the  "  aschen-structur "  of  Miigge'  in  great  perfection,  and 
all  intermediate  facies  occur  between  those  made  up  of  the  fresh  cres- 
centic  glass  spicules  of  a  finely  comminuted  volcanic  ash^  (1823  S.  N.) 
and  those  in  which  secondary  silicification  has  in  great  part  replaced 
the  intricate  reentrant  curves  of  the  glass  shards  by  finely  radial,  con- 
centric bands  of  chalcedony,  polarizing  feebly  between  crossed  nicols, 
and  giving  rise  to  a  kind  of  secondary  axiolitic  structure  common  in 
older  rhyolitic  tuffs  and  concerning  whose  origin  there  has  been  some 
debate  (1973  S.  K). 

Various  tuffs  occur  within  the  area  embraced  by  the  map  which  differ 
somewhat  from  the  ordinary  gray  andesitic  tuffs  of  the  region.  They 
are  generally  finer,  softer,  and  lighter  in  color  than  the  latter  and  are 
found  only  in  a  few  small  patches.  Microscopic  investigation  shows 
that  they  are  either  andesitic  or  latitic  in  character,  the  distinction 
between  the  two  being  not  readily  made  in  their  tuffaceous  forms. 

A  mile  and  a  half  south  of  Fennessy^s  a  thin  stratum  of  porous,  light- 
gray  tuff  (1978  S.  N.)  rests  upon  the  biotite-augite-latite  and  separates 
it  from  the  overlying  andesitic  breccia.  Megascopically  this  shows 
abundant  small  fragments  of  white  pumice  inclosed  in  a  finely  com- 
minuted volcanic  paste.  Under  the  microscope  it  exhibits  numerous 
areas  of  nearly  colorless  puiniceous  glass,  together  with  crystals  of 
labradorite,  augite,  brown  and  green  hornblende,  biotite,  and  apatite. 
The  biotite  occurs  both  as  isolated  crystals  and  inclosed  in  the  pnroi- 
ceous  glass.  There  are  also  abundant  fragments  showing  microlitic 
glassy  base,  some  of  which  appear  to  be  andesite,  while  others  resem- 
ble the  fine  groundmass  of  some  of  the  massive  latites.  The  apatite 
is  in  small  prisms,  and  the  slide  also  contains  a  little  magnetite  and 
epidote.    The  presence  of  biotite,  which  was  not  found  in  the  andes- 

iNenes  Jahrbucli  fur  Min.,  eto.,  Beilage-Band  8,  p.  648.  See  rIho  O.  O.  Smith,  Geology  of  the  Fox 
Islandii,  Maine,  Skowhesan,  1896,  p.  39.  y--^  i 
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ites  of  the  re^on,  and  the  absence  of  orthorhombic  pjrroxene,  suggest 
that  this  tuff  may  belong  to  the  latitic  series. 

Just  south  of  Mill  Greek,  near  its  mouth,  the  augite-latite,  capping 
the  small  hill  previously  described,  is  underlain  by  three  beds  of  soft 
tuff.  The  lowest  of  these  is  light-yellow,  friable  tuff,  containing  frag- 
ments of  fine  white  pumice  and  small  rolled  pebbles.  Under  the  micro- 
scope it  is  seen  to  be  made  up  of  glass  shards  showing  typical  ash 
structure,  with  fragments  of  pumice  and  a  few  grains  of  clastic  quartz, 
the  whole  being  somewhat  chalcedonized. 

The  bed  just  above  this  is  a  fine,  white  volcanic  sand  that  was  not 
microscopically  examined,  while  the  topmost  bed  is  apparently  an  ordi- 
nary audesitic  tuff,  albeit  somewhat  finer  tbau  is  common  in  this  region. 

CHEMICAIi  COMPOSITION^  OF  THE    SIERRA  KEVADA 

liATITES. 

In  the  accompanying  table  (p.  58)  the  chemical  analyses  of  the  latites 
form  all  three  flows  are  brought  together  for  comparison.  In  spite  of  a 
certain  range  in  the  silica  percentages,  they  are  all  closely  related 
members  of  a  series.  They  are  not  far  from  the  andesites  in  general 
composition,  but  are  slightly  higher  in  silica  and  distinctly  so  in  alkalies, 
the  potash  being  always  slightly  in  excess  of  the  soda.^  Compared 
with  typical  trachytes,  these  rocks  are  higher  in  lime  and  magnesia  and 
lower  in  silica  and  alkalies,  while  the  preponderance  of  potash  over 
soda  is  usually  much  more  marked  in  the  trachytes. 

As  would  be  expected  from  the  microscopical  study  of  the  thin  sec- 
tions, the  rock  of  the  Table  Mountain  flow  is  somewhat  more  basic  than 
the  biotite-augite-latite,  while  the  Dardanelle  facies  occupies  an  inter- 
mediate positiou.  The  Shaws  Flat  rock  (Column  1)  shows  the  greatest 
basicity;  the  greater  amount  of  lime  and  magnesin,  as  compared  with 
the  other  analyses,  being  in  harmony  with  the  slightly  greater  abun- 
dance of  olivine  and  augite  as  observed  in  the  thin  section.  Titanic 
oxide  is  present  in  all  the  analyses,  and  usually  in  noticeable  amount, 
indicating  that  the  magnetite  of  the  rocks  is  probably  titaniferous. 
Analysis  YI  is  exceptional  in  containing  a  small  amount  of  carbon, 
which  is  doubtless  due  to  some  organic  matter  included  in  the  lava. 

The  most  noteworthy  feature  of  the  analyses,  however,,  taken  in  con- 
nection with  the  mineralogical  composition  of  the  rocks,  is  the  amount 
of  potash  shown.  •  As  already  stated,  by  far  the  greater  number  of  the 
thin  sections  (excepting,  of  course,  the  biotitic  facies,  which,  however, 

litis  important  to  note  that  this  8tat«meiit  applies  only  to  the  percentage  figures  in  the  analyses. 
When  the  moUetUar  proportions  of  soda  and  potaHh  are  compared  it  becomes  apparent  that,  as  far  as 
the  actual  mineral-forming  efficiency  of  these  alkalies  is  concerned,  it  would  be  more  accurate  to  say 
that  they  are  very  nearly  equal;  for  the  soda  molecule  may  sometimes  be  present  in  slightly  greater 
amount  than  the  potash  molecule,  although  the  preponderance,  -when  reckoued  in  percentages,  is  in 
the  other  direction.  But  as  rock  analyses  are  not  yet,  as  a  general  thing,  molecularly  expressed  and 
compared,  the  common  mode  of  i>ercentage  comparison  has  been  retained  in  the  characterization  of 
the  latites.  The  petrographer  accustomed  to  translate  his  chemical  analyses  into  molecular  propor- 
tions will  not,  when  reading  the  following  pnircn.  lono  siji;ht  of  the  suggestion  embodied  in  this  note. 
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are  no  richer  iu  potash  than  the  others)  contain  no  characteristically 
potash-bearing  mineral.  Several  of  the  analyses  contain  as  much  as  5 
per  cent  of  potash,  which,  if  it  were  present  in  the  form  of  orthoclase, 
would  make  up  nearly  30  per  cent  of  the  rock.  This  amount  is  entirely 
too  large  to  be  accounted  for  by  the  assumption  that  it  is  present  in  the 
form  of  orthoclase  microlites  which  have  escaped  detection  among  the 
plagioclases  of  the  gronndmass.  It  is  fairly  cectaiii  that  iifiady  alLof 
the  potash  iu  those  faciea  which  do  not  contaia  biotite  is  present  in  the 
residual  glass  of  the  groundmass.  This  conclusion  harmonizes  with 
the  results  of  the  micro-chemical  tests  described  on  page  49,  and  with 
the  previously  noted  low  specific  gravity  of  the  glass. 

Frequently^  in  rocks  of  intermediate  composition,  like  the  latites, 
the  orthoclase  forms  a  thin  envelope  around  the  basic  plagioclases, 
while  in  the  plutonic  monzonites  the  orthoclase  was  the  last  mineral 
to  crystallize,  forming  a  mesostasis  for  the  earlier  minerals.  In  the 
Sierra  Nevada  latites  the  conditions  under  which  orthoclase  (or  some 
other  potash-alumina  silicate)  would  separate  out  were  never  reached. 
This  indicates  that  the  method  sometimes  employed  of  assuming  the 
presence  of  orthoclase  in  the  groundmass  of  an  effusive  rock  from  the 
character  of  the  bulk  analysis  is  one  that  requires  caution  in  its  use. 


Table  of  chemical  analyses  of  SieiTa  Nevada  I 

atiies  and  aaaoeiaied  volcanic  rocks. 

I. 

II. 

III. 

IV. 

V. 

Vl. 

VII. 

vin. 

IX. 

SiO- 

56.10 
.036 

50.88 
.008 

56.78 
.046 

50. 43 
.000 

61.00 
1.018 

62.33 
1.030 

65.81 
1.006 

48.76 

67.57 

TiO, 

.60 

1.15 

1.38 

1.06 

.54 

1.26 

AlaOa 

16.76 
.162 

16.86 
.163 

16.68 
.161 

17.85 
.168 

15.11 
.146 

16.60 

Fe,Oj 

8.05 
.010 

8.56 
.022 

2.54 
.015 

2.08 
.018 

1.85 
.011 

5.60 

FoO 

4.18 
.058 

2.03 
.040 

3.48 
.048 

1.63 
.022 

1.40 
.010 

5.01 

MnO 

.10 

8.70 
.004 

none 

8.41 
.085 

trace 

1.84 
.046 

.08 

1.06 
.026 

.37 
.000 

none 
6.93 

MeO 

CftO 

6.53 
.116 

5.00 
.000 

6.57 
.117 

4.00 
.073 

4.04 
.088 

8.23 
.057 

1.08 

8.70 

BaO 

.10 

2.53 
.040 

3.00 
.062 

trace 

3.10 
.051 

.14 

3.72 
.050 

3.60 
.050 

.24 

4.21 
.067 

.10 

2.60 

.041 

traoo 
2.47 

Na,0 

5  57 

K,0 

4.46 
.047 

5.06 
.053 

8.48 
.036 

5.04 
'   .053 

5.27 
.055 

4.46 

.047 

5.24 
.056 

.66 

i.33 

P«05 

.55 

.42 

.58 

.20 

.23 

.10 

HjOalM.YollO^.. 

.66 

1.21 

.72 



.75 

2.10 

H^ObelowlH^^.. 

.34 
SrO.tr. 

Li,0.  tr. 

.15 
CO,.  18 

.27 
ZrOa.08 

SrO,  tr. 
CI    .05 

.44 

SH)  .05 
Li^.tr. 
FeS,.08 
C       .11 

1.49 
CO>.42 

Total 

llW.02 



00.80 

100.04 

100.33      

100.87 

Sd-ct 

2.67 

2.61 

2.40         2.38 

2.78 

2.  S3 

•See  VVaahlngton,  Jour.  Geol.,  Vol.  IV,  1896,  p.  551,  for  tw>' 
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U  I.  Angite-latite  (3d  S.  K.).  Table  Jioontaia  Aov,  Tuolamoe  Table  Mountain,  near  ShawR  Flat. 
Tiii-ner,  Socks  of  the  Sierra  Nevada,  Fourteenth  Ann.  BeptU.  3.  Geol.  Survey,  i>.  49l.  Hillebrand, 
analyst. 

II.  Angite-latite  (86  Tuol.),  Table  Mountain  flow,  3  miles  southeasterly  from  Big  Trees.    Tomer, 
Geology  of  the  Sierra  Nevada,  Seventeenth  Ann.  Rept.  U.  S.  Geol.  Survey,  p.  727.    Fireman.analyst. 

III.  Aiigite-latite  (1422  S.  N.},  Table  Mountain  flow,  spheroidal  faoies,  about  1|  miles  east  of 
Clover  Meadow.    Steiger,  analyst. 

IV.  Augite-latite  (1419  S.  N.),  Dardanelle  .flow,  4  miles  southwest  of  Clover  Meadow.    Stokes, 
analyst. 

y^  Y.  Biotite-angite-latite  (85  Tuol.),  3  miles  southeasterly  from  Big  Trees.    Turner,  Geology  of  the 
Sierra  Nevada,  Seventeenth  Ann.  Rept.  XT.  S.  GeoL  Survey,  p.  727.    Fireman,  analyst. 
V     VI.  Biotlteaugite-latite  (1420  S.  N.),  4  miles  southwest  of  Clover  Meadow.    Turner,  loc.  cit.    Hil- 
lebrand,  analyst. 
YII.  Yitrophyric  latite  (f)  (1866  8.  N.).  Jnat  south  of  Mill  Croek.  Analysis  partial.  Sieiger,  analyst. 
\     Ym.  Olivine-baaaU  (1007  S.  N.),  west  peak  of  the  Dardanelles. 

IX.  "Red  lava"  (1867  S.  N.),  Just  south  of  Mill  Creek.    Ransome,  analyst. 


CliASSIFICATION  OF  THE  Il^TITES. 

With  the  great  advance  iii  methods  of  petrographical  research  dur- 
ing recent  years  there  has  come  inevitably  greater  difficulty  and 
complexity  in  the  proper  classification  of  the  rocks  themselves.  The 
greatly  increased  accuracy  of  chemical  analyses,  particularly  as  regards 
amounts  of  the  alkalies  and  minor  constituents,  and  their  more 
critical  interpretation,  together  with  the  strides  made  in  the  ox)tical 
investigations  of  the  feldspars  by  Becke,  Federow,  Michel  L6vy,  and 
others,  is  leading  to  the  gradual  splitting  up  of  some  of  the  older  and 
more  comprehensive  groups.  A  notable  example  of  this  tendency  was 
Brogger's  differentiation  of  the  monzonite  family  from  the  syenites, 
while  a  similar  process  has  been  long  reducing  the  once  large  familyof 
the  trachytes  to  a  size  more  commensurate  with  the  minor  importance 
of  their  plutonic  equivalents.  With  the  establishment  of  new  families 
there  has  come  into  the  literature  an  enormous  number  of  new  names. 
In  many  cases  these  names  are  local,  being  based  on  mineralogical 
combinations  and  distinctions  that  may  not  be  repeated  in  another 
region  or  be  given  the  same  value  by  other  observers.  The  common 
custom  of  providing  such  facies  with  a  name  derived  from  the  locality 
in  which  they  occur  is  a  useful  oue,  but  the  local,  and  to  a  certain 
extent  provisional,  nature  of  such  names  should  be  borne  in  mind,  and 
they  should  not  be  allowed  to  bury  under  their  accumulating  mass 
broader  and  more  rational  schemes  of  classification. 

On  the  other  hand,  it  is  no  part  of  pure  petrographical  science  to  aim 
directly  at  ease  and  simplicity  in  classification,  however  anxiously  such 
an  end  may  be  desired  by  the  general  geologist.  Petrography  in  its 
present  stage  is  occupied  rightly  with  critical  distinctions.  It  is  only 
by  the  recognition  of  such  slight  points  of  difference  that  they  can 
ever  be  ti'anscended  and  assigned  their  true  value  in  a  really  rational 
scheme  of  rock  classification. 

Becognizing  the  fact  that  igneous  rocks  are,  chemically,  mixtures  of 
practically  infinite  variability  within  certain  limits,  the  refining  tend- 
ency of  modern  methods  makes   more   and   more  for  precision  of 
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definition  and  consequent  subdivision  of  the  older  groups.  This  gain 
in  exactness  by  no  means  makes  easier  the  classification  of  a  given 
rock,  for  it  is  evident  that  the  greater  the  number  of  families  the  more 
numerous  will  be  the  intermediate  or  transition  rocks,  since  sharp 
lines  of  demarcation  apparently  nowhere  prevail  between  closely  related 
types.  It  is  a  question,  of  course,  how  far  for  purposes  of  practical 
description  such  subdivision  of  larger  groups  should  go,  but  it  is  a 
question  that  may  very  well  be  answered  by  the  facts  of  geological 
occurrence.  If  a  magma  of  a  certain  intermediate  type  with  reference 
to  two  or  more  well-established  families  is  found  to  possess  geological 
unity,  and  particularly  if  it  is  found  to  be  represented  by  both  iilutonic 
and  effusive  forms,  there  can  be  little  doubt  of  the  advisability  of  giv- 
ing it  a  distinctive  name.  Brogger's  monzonite  magma  is  an  example 
of  such  a  case,  and  he  has  shown  very  conclusively  that  the  plutonic 
monzonites,  being  orthoclase-plagioclase  rocks,  should  be  separated 
from  the  orthoclase  rocks,  or  granites  and  syenites,  on  the  one  hand  and 
from  the  plagioclase  rocks,  or  diorites  and  gabbros,  on  the  other,  the 
mineralogical  distinction  being  the  visible  sign  of  difference  in  chemical 
composition.  In  his  tabular  classification  ^  he  has  indicated  the  effusive 
equivalent  of  monzonite  as  trachyt-a/ndesitj  and  it  is  here  that  the  latites 
of  the  present  paper  belong,  as  will  now  be  more  fully  shown. 

It  is  plain  from  the  descriptions  of  the  latites  in  the  preceding  pages 
that,  in  spite  of  their  superficial  basaltic  character,  they  are  in  no 
sense  basalts,  being  far  too  high  in  silica  and  alkalies  and  too  low  in 
magnesia  and  lime,  and  differing  from  the  latter  rock  in  microscopical 
structure  and  in  the  proportion  of  the  ferromagnesian  constituents  to 
the  feldspars.  Their  specific  gravity,  too,  is  lower  than  that  of  basalts 
of  equally  compact  texture. 

Their  relation  to  the  andesites  is  much  closer,  and  were  it  advisable 
to  crowd  them  into  one  of  the  well-established  older  groups  they  would 
be  placed  with  little  hesitation  in  this  family.  Leaving  out  of  con- 
sideration the  glassy  base,  the  particular  latites  here  described  possess 
practically  the  mineralogical  composition  of  andesites.  But  they  differ 
from  normal  andesites  in  chemical  composition,  being  generally  slightly 
lower  in  lime  and  magnesia  and  always  higher  in  alkalies.  In  the 
andesites  the  total  alkalies  are  as  a  general  rule  less  than  6  per  cent, 
with  soda  in  excess  of  potash.  In  the  latites  the  total  alkalies  range 
from  6  to  10  per  cent,  with  the  potash  equal  to  or  slightly  in  excess  of 
the  soda. 

Eocks  of  this  type  can  hardly  be  classed  as  trachjrtes  if  the  latter 
name  is  to  retain  any  precision  of  meaning.  Not  only  are  they  decid- 
edly untrachytic  in  color  and  texture,  but  they  differ  widely  mineral- 
ogically  from  typical  trachytes.  Sanidine,  instead  of  being  the  domi- 
nant feldspar,  is  entirely  absent  and  the  conspicuous  feldspar  is  here 

'Die  Eruptivgeateiue  dea  KriBtioniagebietes;  II.  Die  Ernptionsfolg*  der  triadiflclieu  Eraptivge- 
Bteine  bei  Predazzo  in  SUdtyrol.    Eristlania,  1895,  p.  00. 
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labradorite.  As  already  noted,  Tamer'  has  provisionally  classed  some 
of  the  latites  with  the  trachytes  on  the  basis  of  theijr  chemical  com* 
position.  The  analysis  upon  which  he  bases  his  comparison  is  quoted 
from  Zirkel's  Lehrbnch  der  Petrographie,'  and,  as  Turner  remarks, 
^< contains  more  lime  and  less  silica  than  most  of  the  analyses  given  by 
Zirkel."  The  analysis  in  question  is  one  by  Bicciardi^  of  the  so-called 
"  trachyte  ^'  of  Bolsena,  and  is  quoted  in  Column  YI  of  the  table  of 
chemical  analyses  on  page  66.  Concerning  this  '^  trachyte"  Washing- 
ton writes: 

Vom  Rath  first  called  attention  to  the  ahnormal  chemical  character  of  the 
**  trachyte  "  of  fiolsena,  though  he  speaks  of  it  as  containing  no  plagioclase,  prob- 
ably oiling  to  the  rarity  of  the  multitude  twinning.  As  will  be  seen  from  Klein's 
descriptions  and  my  own,  and  from  the  analyses,  the  pecuUar  'trachytes"  of  the 
region  are  remarkable;  mineralogically  for  their  richness  in  plagioclase  and  the  fre- 
quent occurrence  of  olivine  as  an  essential  constituent,  and  chemically  for  their  low 
silica  and  high  lime  and  magnesia.  Therefore  they  are  not  trachytes  proper,  but 
corre8i>oud  to  the  trachy-dolerites  of  Abich  and  Hartung,  and  to  some  of  the 
andesitic  trachytes  of  Rosenbusch,  and  we  shall  see  that  thej^  may  be  regarded  as 
effusive  representatives  of  Brogger's  abyssal  monzonites.  These  olivine-free  effusiye 
rocks  will  be  called  by  the  name  of  Vulsinite,  from  the  Etruscan  tribe  Ynlsinii, 
formerly  inhabiting  this  region.^ 

There  is  thus  fresh  confirmation  of  the  result  already  stated,  that 
the  latites  of  the  present  paper  belong  neither  with  the  normal 
trachytes  nor  yet  with  the  normal  andesites,  but  occui)y  a  position 
chemically  about  midway  between  the  two. 

Effasive  rocks  with  a  chemical  composition  corresponding  to  this  inter- 
mediate taxonomic  position  appear  to  be  not  uncommon,  and  on  page 
G6  the  chemical  analyses  of  a  number  of  such  rocks  are  i)laced  together 
in  tabular  form  for  comparison.  Nos.  I  to  XIX  inclusive  are  analyses 
of  latites  (which  in  the  table  are  given  the  names  assigned  them  by  the 
authors  quoted),  while  No.  XX  is  the  mean  of  the  19  analyses  which 
precede  it.  Nos.  XXI  and  XXII  in  the  second  division  of  the  table 
are  a  typical  andesite  and  a  typical  trachyte  respectively,  being 
inserted  to  show  the  intermediate  character  of  the  latites.  The  latter 
as  a  whole  form  a  fairly  uniform  chemical  series,  of  which  the  mean 
agrees  closely  with  the  analysis  in  Column  IX. 

But  when  attention  is  directed  to  the  names  and  descriptions  of  the 
various  effusive  rocks  embraced  in  the  table  they  are  found  to  be 
remarkable  more  for  variety  than  for  uniformity.  Thus,  besides  the 
latites  described  in  the  present  paper,  there  occur  such  names  as  cimi- 
nitCy  hiotite-vulsinitej  olivine-bearing  andesitic  trachyte,  hiotite-doAiite,  and 
sanidine-hearing  andesite.  At  first  glance  such  an  abundance  of  names 
for  effusive  rocks  of  a  single  chemical  type  seems  to  indicate  little  else 

>  Fnrther  contribationa  to  the  fi^Mlogy  of  the  Sierra  Kevada :  Seventeenth  Ann.  Kept.  U.  S.  Geol. 
Snrvey,  Part  I,  1896,  p.  729. 

•Vol.  II,  1893,  p.  878. 

•Klein,  Petrographische  XJntersnchnng  elner  Snite  von  Gesteinen  aus  der  Umgebung  des  Bolsener 
Sees :  Nenes  Jahrbnch  fiir  llin.,  etc.,  B.  B.  VI,  1889,  p.  8. 

^Italian  petrological  aketohea:  Jour.  Geol..  Vol.  IV,  1896,  p.  547. 
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tlian  a  state  of  hopeless  confusion  in  rock  nomenclature.  But  while  a 
certain  amount  of  confusion  does  undoubtedly  exist,  the  multiplicity 
of  names  has  its  chief  explanation  suggested  in  two  otlier  facts — ^partly, 
as  pointed  out  by  Iddings,'  that  rock  series  as  they  occur  in  nature  may 
traverse  existing  schemes  of  classification  at  practically  any  angle,  but 
mainly,  in  this  case,  that  the  name  of  a  rock  is  generally  determined 
more  by  its  mineralogical  than  by  its  chemical  composition. 

In  the  case  of  most  igneous  rocks,  and  of  nearly  all  plutonic  rocks, 
the  principal  mineralogical  constituents  can  be  deduced  with  a  fair 
degree  of  certainty  from  an  accurate  bulk  analysis,  and,  vice  versa, 
from  a  microscopical  examination  of  a  thin  section  the  chemical  consti- 
tution can  be  predicted  with  sufficient  accuracy  to  leave  little  doubt  of 
the  general  x)osition  of  the  rock  in  any  ordinary  scheme  of  classification. 
But  with  the  effusive  latites  this  appears  to  be  true  only  in  a  slight 
degree.  In  effusive  rocks  of  intermediate  chemical  composition  the 
circumstances  which  determine  the  crystallization  of  the  different  i)os- 
sible  mineralogical  combinations  appear  to  depend  upon  a  very  delicate 
adjustment  of  physical  and  chemical  conditions.  This  is  already  notice- 
able in  the  andesites,  where  a  given  magma  cooling  under  certain  con- 
ditions may  give  i  ise  to  a  hornblende-  or  biotite-andesite,  and  under 
other  conditions,  by  the  magmatic  resorption  of  these  two  minerals, 
may  solidify  as  a  pyroxene-andesite.  The  latites,  being  intermediate^ 
rocks  par  excellence,  and  containing  more  or  less  unindividualizcd 
glass  in  reserve,  exhibit  this  apparent  capriciousness  of  crystallization 
in  an  unusual  degree. 

Thus  the  vulsinites  of  Washington  <«  are  chara<iterized  mineralogically 
by  the  presence  of  alkali  feldspar  with  a  large  amount  of  basic  plagio- 
clase  (labradorite  to  anorthite),  together  with  augite  and  diopside. 
Hornblende  and  biotite  are  not  abundant  in  the  type  specimens,  though 
they  may  be  present  in  large  amounts  in  other  varieties.  .  .  • 
Olivine  is  wanting,  or  if  present  is  so  in  only  accessory  amounts."*  It 
should  be  stated  that  the  facies  which  Washington  regards  as  his  most 
typical  vulsinite  contains  over  9  per  cent  of  potash,  and  accordingly 
approaches  somewhat  nearer  to  the  trachytes  than  do  the  typical 
latites  of  the  Sierra  iN'evada. 

The  biotite- vulsinite  from  Monte  Santa  Croce  (Column  II)  is  particu- 
larly interesting  with  reference  to  the  point  under  discussion,  and  the 
dilemma  in  which  one  is  placed  in  attempting  to  adhere  to  a  purely 
mineralogical  classification  of  these  rocks  Is  well  expressed  in  Wash- 
ington's own  words.     He  says : 

We  have  then  a  rock  which  is  chemically  a  ciminite  and  mineralogically  a  biotite- 
vulsinite.  In  regard  to  the  name  by  which  they  should  be  called  there  may  be  some 
doubt.  From  a  miueralogical  standpoint  they  are  obviously  not  ciminite^  nor 
chemically  can  they  strictly  bo  called  vulsinite.  Since,  however,  in  the  schemee  of 
classification  in  general  use  at  the  present  time,  the  mineralogical  composition  take« 

'  J.)iir.  Geol..  Vol.  IIT,  1895.  pp.  955-956. 
«  Jour.  G«ol.,  VoL  IV,  1896,  p.  553. 
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precodeuce  over  the  chetnioal,  and  bearing  in  niiud  the  nuadyisability  of  af1din)( 
new  names  to  the  already  overburdened  nomenclature,  I  shall  designate  these  rocks 
as  biotite-vnlsinite.' 

The  ciminites  are  <^  characterized  mineralogically  by  the  presence  of 
ortboelase,  with  basic  i)1agiocIase,  aagite  or  diopside,  or  olivine."^ 

The  andesite  from  Garbezo  Felipe  contains  phenocrysts  of  feldspar 
and  biotite.  Sanidine  occurs  in  crystals  over  a  centimeter  in  length, 
but  the  main  bulk  of  the  feldspar  is  labradorite,  or  a  plagioclase  between 
labradorite and  andesine.  Both  monoclinic  and  orthorhombic  pyroxenes 
are  present,  and  the  rock  is  rich  in  zircon  and  apatite.  Concerning  the 
classificatory  position  of  this  rock  Osann  writes: 

The  proportion  of  the  alkalies  shows  that  the  rock  stands  close  to  the  group  of 
andesitic  trachytes — a  position  which  is  indicated  also  by  the  presence  of  the  large 
sanidine  phenocrysts.  The  content  in  litue  aud  potash,  contrasted  with  the  small 
amount  of  soda,  is  explained  by  the  fact  that  basic  plagioclase  (labradorite)  occurs 
•  as  phenocrysts  with  the  sanidine.  If  the  analysis  is  compared  with  the  analyses  of 
other  andesitic  trachytes,  in  part  olivine- bearing  (Mte.  Amiata.  the  Arso  flow,  Mte. 
Alfina),  it  is  seen  to  be  higher  in  magnesia.  (The  Arso  rock,  in  spite  of  the  presence 
of  olivine,  has  only  1.77  per  cent. )  This  is  explained  only  by  the  abundance  of  both 
biotito  and  orthorhombic  pyroxene.^' 

The  augite-andesite  ftom  Moant  Pagos  is  "composed  of  plagioclase, 
diopside,  and  biotite,  with  accessory  magnetite,  apatite,  and  zircon^ 
lying  in  a  glass  base."^  The  plagioclases  are  labradorite  (Ab]  Ani), 
bat  there  are  possibly  a  few  orthoclase  microlites  in  the  groundmass. 

The  Gleichenberg  trachyte  contains,  according  to  Hussak,^  large 
sanidine  phenocrysts,  fewer  and  smaller  ones  of  oligoclase  (with  ex- 
tinction angles  of  I20.150),  biotite,  and  dark  augite,  in  a  globolitic 
base. 

The  angite-andesite  from  Kara  Tash  has  numerous  phenocrysts  of 
labradorite  (a  little  more  basic  than  Abi  An,),  pale-green  diopsides^ 
some  biotite,  and  graius  of  magnetite,  in  an  abundant,  trichitic,  glassy 
base.* 

The  biotite  dacite  from  Pergamou^  contains  phenocrysts  of  labra- 
dorite, with  fewer  sanidines,  biotite,  and  olive-green  hornblende.  The 
rock  is  called  a  dacite  on  the  basis  of  its  chemical  composition,  although 
containing  no  free  quartz,  thus  again  illustrating  the  difficulties 
attendant  ux>on  a  consistent  mineralogical  classification  of  these  inter- 
mediate rocks. 

The  sanidine-bearing  andesite  of  the  Kosita  Hills  is  described  by 
Gross"  as  containing  plagioclase,  orthoclase,  quartz,  biotite,  augite,  and 

•Jour.  Gcol.,  Vol.  V,  1897,  pp.  250-251. 

'Ibid..  Vol.  IV,  1896,  p.  838. 

sBettrfige  znr  KeDntnias  der  Enxptivgesteine  des  Cabo  de  Gata,  II :  Zeitftohr.  Dentsch.  geol.  Gomll.^ 
vol.  43, 1891,  p.  720. 

4  WashlnfrtOD,  On  some  igneous  rocks  from  Sinyrzta  «U(1  Pergauiuu :  Am.  J.uur.  Sci.^  4tU  senos,- 
Vol.  Ill,  1897.  p.  44. 

'Zirkel,  Lehrbnch  der  Petrographie,  Vol.  11,  p.  883. 

«'WaflhiDgton.1oc.cit.,p.  44. 

'  Washington,  loc.  cit..  p.  48. 

•Froc.  Colorado  Sci.  Soc.,  1887,  p.  248.  - 
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accessory  minerals.  This  rock  is  said  to  have  its  chief  development  in 
dikes,  although  occurring  also  in  effusive  masses. 

The  foregoing  citations  are  sufficient  to  show  how  great  mineralogical 
variety  may  be  presented  by  rocks  having  the  peculiar  intermediate 
chemical  composition  of  the  latites.  It  is  iwssible,  and  perhaps  desir- 
able, to  assign  the  more  conspicuous  and  well-marked  of  these  mineral- 
ogical combinations  separate  names,  but  the  number  of  the  latter  is 
apt  to  be  large,  and  they  are  of  a  distinctly  lower  grade  of  importance 
than  those  rock  names  which  express  not  only  a  certain  mineral  con- 
stitution but  a  corresponding  and  characteristic  chemical  composition 
as  well. 

It  accordingly  seems  advisable  to  attempt  to  bring  into  common  use 
some  more  general  name  to  embrace  all  theeffusive  rocks  standiugchemi- 
cally  about  midway  between  the  typical  trachytes  and  the  typical  andes- 
ites — a  name  that  can  be  used  as  the  effusive  equivalent  of  the  increasingly 
important  plutonic  group  of  the  mouzonites.  I  should  gladly  have 
avoided  the  necessity  of  introducing  a  new  name  into  a  rapidly  growing 
nomenclature;  the  more  so,  as  Washington,  by  his  admirable petrograph- 
ical  studies  in  the  Italian  volcanic  regions,  has  added  so  greatly  to  an 
accurate  knowledge  of  intermediate  rock  types  which  must  be  neces- 
sarily embraced  by  such  a  new  term.  But  the  Sierra  iN'evada  lavas 
can  not  be  classed  with  the  typical  toscanitea,  vulsinites,  or  ciminites, 
as  defined  by  Washington,  although,  like  the  vulsinites  and  some  of 
the  ciminites,  they  are  to  be  regarded  as  the  effusive  equivalents  of  the 
monzonites.  There  is  thus  a  demand  for  some  more  comprehensive 
name  to  cover  the  mineralogically  diverse  forms  which  the  monzonitic 
magmas,  cooling  under  effusive  conditions,  may  assume.  For  this 
reason,  and  in  recognition  of  the  importance  and  interest  of  the  Italian 
types  described  by  Washington,  the  name  latite^  derived  from  the 
Italian  province  of  Latium,  is  proposed  as  a  broader  term,  comparable 
in  its  scope  with  monzonite^  to  designate  the  effusive  forms  of  the 
monzonite  magma.  Thus  it  will  be  seen  that  certain  of  the  character- 
istic features  of  the  Sierra  Nevada  latites,  such  as  the  absence  of  sani- 
dine,  the  predominance  of  labradorite,  and  the  presence  of  a  residual 
alkali-rich  glass  base,  are  not  regarded  as  essential  in  the  definition  of 
the  general  group  of  the  latites  as  a  whole.  The  latites  described  in 
the  present  paper  are  merely  members  of  this  group,  possessing  indi- 
vidual characters  which  would  entitle  them  to  names  of  the  same  order 
of  importance  as  the  vulsinites,.  toscanites,  etc.,  of  Washington.  For 
the  present,  however,  no  such  names  are  proposed. 

Abich  and  Hartung  have  used  trachydolerite  for  rocks  which  in  part 
belong  with  the  latites;  Fouqu6  and  Michel  Li^vy,  trachy-andesites; 
ZirkelandEo8enbusch,(in^mtio  trachyte;  smdBTogger  trachyte-andesite. 
But  all  these  compounds  are  open  to  objection  when  a  name  is  required 
for  an  important  group  standing  midway  between  the  trachytes  and 
the  andesites.     Such  a  name  should  consist  of  a  single  ward^  ancl 
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should  be  free  i¥om  the  undesirable  conuotations  adherent  to  com- 
pounds which  have  been  variously  employed. 

Eeferring  again  to  the  table  of  chemical  analyses  on  page  67,  it  will 
be  seen  that  in  Columns  XXIII  and  XXIY  are  placed  the  analyses  of 
two  quartz-banakites^  chosen  as  being  the  nearest  known  dike  equiva- 
lents of  the  lafcites*.  The  corre8i)ondence,  however,  is  not  quite  per- 
fect, as  the  two  analyses  show  a  slight  deficiency  in  lime  and  a  small 
excess  of  alkalies  as  compared  with  the  mean  of  the  latite  analyses. 
Iddiiigs^  states  that  the  rocks  of  these  two  analyses  belong  to  the  ban- 
akite  series  ^^  both  mineralogically  and  chemically,  but  are  somewhat 
more  siliceous,  having  5  to  9  per  cent  more  silica.  They  might  prop- 
erly be  given  specific  names,  but  at  present  we  prefer  to  class  them 
with  banakite,  under  the  name  of  quartz-banakite,  the  amount  of 
quartz,  however,  being  very  small." 

The  banakites  are  intermediate  rocks  in  the  same  sense  that  the 
latites  are.  Chemically  they  possess  a  rather  close  analogy  with  the 
latter  rocks,  although  somewhat  lower  in  silica,  and  thus  tending 
through  leucitic  facies  toward  the  truly  alkaline  groups  of  igneous* 
rocks.  It  is  interesting  to  note  that  Iddings  ^  remarks  in  this  series 
the  tendency  toward  mineralogical  diversity  with  neai'ly  identical  chem- 
ical composition,  already  emphasized  in  the  case  of  the  latites. 

In  the  succeeding  columns  of  the  table  are  placed  the  analyses  of 
several  monzonites,  quoted  from  Brogger,  in  order  to  show  the  close 
relationship  between  these  plutonic  rocks  and  the  effusive  latites. 
Washington  has  already  pointed  out  this  correspondence  in  the  case 
of  his  vulsinites  and  ciminites,^  and  notes  as  well  analogies  with  the 
absarokite-banakite  series  of  Iddings.^ 

*  After  the  foregoing  was  in  type  my  attention  wan  drawn  to  the  dike  rook  described  by  Hibsch  as 
oocnrring  in  the  Bohemian  Mittelgebirge,  which  he  has  named  gauteiU.  (Erlautemng  stir  geologic 
•Chen  Karte  des  bohmischen  Mittelgebirges :  Tschermaks  min.  a.  pet  Mitth.,  vol.  17, 1897,  pp.  84-^7.) 
This  rock  also  is  perhaps  a  dike  equivalent  of  the  monzonites  and  latites,  although  the  chemical 
analysis  shows  rather  high  alkalies. 

s  Absarokite-shoshonite-banakite  series :  Jour.  Geol.,  Vol.  Ill,  1805,  pp.  949-950. 

»Loo.cit.,p.951.  • 

«  Jour.  Geol.,  VoL  IV.  1896,  p.  833. 

*  Ibid.,  loc  cit.,  p.  838.  Since  the  foregoing  was  written  Washington's  final  paper  on  the  Italian  vul- 
canic regions  has  appeared  (loc.  cit.,  VoL  V,  1897,  pp.  349-377),  in  which  he  divides  the  rocks  between 
the  trachytes  and  the  andesites  into  two  series— the  trachyaudesites  and  the  trachydoleritea,  using 
the  former  term  in  a  more  restricted  sense  than  in  his  earlier  papers,  and  without  the  previously 
employed  hyphen.  The  Sierra  Nevada  latites  would  fall  most  nearly  within  his  traohydolerite  series, 
although  not  the  strict  equivalents  of  any  of  its  individual  members.  Whether  some  such  siugle 
term  as  that  here  proposed  shall  be  used  to  designate  the  rocks  midway  between  the  trachytes  and 
andesites,  or  whether  it  will  be  found  practicable  to  divide  them  into  two  series  as  Washington  has 
done,  may,  as  the  latter  suggests  in  a  slightly  different  connection,  be  left  to  the  winnowing  action  of 
time  and  usage. 
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I.  Clminite,  Foutana  Fiescole,  Viterbo,  Italy.    Jour.  Geol.,  Vol.  IV,  p.  849.    WashingtoD,  analyst. 

II.  Biotite-volsinite,  Konte  Santa  Croce,  Rocca  Monfino  region,  Italy.  Jour.  Geol.,  Vol.  V,  p.  252. 
Washington,  analyst. 

III.  Aagite-latite  (36  S.  N.),  Table  Mountain,  near  Shaws  Flat,  Tuolumne  County,  Cal.  Hillebrand, 
analyst. 

IV.  Olivine-bearing  andesitic  trachyte,  Sasaara,  Italy.  Klein,  Neues  Jahrbnch  fUr  Min.,  etc., 
B.  B.  VI,  p.  7.    Ricciardi,  analyst. 

V.  Angite-hitite  (1422  S.  N.),  Table  Mountain  flow,  1^  miles  east  of  Clover  Meadow,  Tuolnmne 
County,  Cal.    Steiger,  analyst. 

VI.  Trachyte  (Klein)  orvulsinite  (Washington),  Bolsena,  Italy.  Klein,  Neues  Jahrbuch  fur  Min., 
etc.,  B.  B.  VI,  p.  8.    Ricciardi,  analyst. 

YII.  Ciminite,  Monte  Cimino,  Italy.    Jour.  Geol.,  Vol.  IV,  p.  849.    Vom  Rath,  analyst. 

VIII.  Andesite, Cabezo  Felipe,  Cabo  de  Gata,  Spain.  Zeitsohr.  Deutscb. geol. Gesell.,  vol.43,  1881. 
p.  719.    Osann,  analyst. 

IX.  Augite-latite  (1419  S.  N.),  4  milea  southwest  of  Clover  Meadow,  Tuolumne  County,  Cal.  Stokes, 
analyst. 

X.  Augit«-latito  (86  S.  N.),  Tuolumne  County,  Cal.,  3  miles  southeasterly  fi'om  Big  Trees.  Turner, 
Seventeenth  Ann.  Rept.  U.  S.  Geol.  Survey,  p.  729.    Fireman,  analyst. 

XI.  Trachyte  (Klein)  or  vulsinite  (Washington),  San  Magno,  Italy.  Klein,  Irenes  Jahrbnch  fiir 
Min.,  etc.,  B.  B.  VT,  p.  10.    Ricciardi,  analyst. 

XII.  Augite-andesite,  Mount  Pagos,  near  Smyrna,  Asia  Minor.  Washington,  Am.  Jour.  Sci.,  4th 
series.  Vol.  Ill,  p.  43.    Washington,  analyst. 

XIII.  Biotite-augite-latite  (85  S.  N.),  Tuolumne  County,  Cal.,  3  miles  southeasterly  from  Big  Trees. 
Turner,  Seventeenth  Ann.  Rept.  U.  S.  Geol.  Survey,  p.  729.    Fireman,  analyst. 

XIY.  Trachyte,  Gleichenberg,  near  Steiermark.  Tschermaks  mineral.  Mittheil.,  1887,  p.  277. 
Smita,  analyst. 

XV.  Augite-andesite,  Kara  Taah,  near  Smyrna,  Asia  Minor.  Washington,  Am.  Jour.  Sci.,  4th  series, 
VoL  m,  p.  45.    Washington,  analyst. 

XVr.  BiotiteaugiteUtite  (1420  S.  K.),  4  miles  southwest  of  Clover  Meadow,  Tuolumne  County,  Cal. 
Hillebrand,  analyst. 

XVII.  Biotite-dacite,  Pergamon,  Asia  Minor.  Washington,  Am.  Jour.  Sci.,  4th  series,  VoL  III,  p.  49. 
Washington,  analyst. 

XVm.  Sanidine-bearingandesite,Rosita Hills,  Colo.  Cross,  Proc.  Colo.  Sci.  Soc.,  1887,  p.  250.  Eakius. 
analyst. 

XIX.  Yitrophyric  latite  ( ?)  (1866  S<  N.),  Just  south  of  Mill  Creek,  Tuolumne  County,  Cal.  Partial 
analysis.    Steiger,  analyst. 

XX.  Mean  of  the  imi>ortant  constituents  of  the  19  preceding  analyses. 

XXI.  Homblende-pyroxene-andesite  (72  S.  N.).  Downieville  area.  Sierra  Nevada,  Cal.  Turner, 
Seventeenth  Ann.  Rept.  U.  S.  Geol.  Survey,  p.  731.    Hillebrand,  analyst. 

XXII.  Trachyte  (domite),  Puy  de  D6me,  Anvergne.  Zirkel,  Lehrbuch  der  Petrographie,  H,  p.  378. 
Lewinstein,  analyst. 

XXIII.  Quartz-banaklte,  dike,  near  head  of  Stinkingwater  River,  Yellowstone  Park  region. 
Iddings,  Jour.  Geol.,  Vol.  Ill,  p.  947.    Melville,  analyst. 

XXIV.  Quartz-banakite,  dike,  locality  and  reference  as  above.    Melville,  analyst. 

XXV.  Monzonite,  Predazzo,  South  Tyrol.  Brogger,  Eruptivgesteine  des  Kristiania-Gebietes,II. 
Die  Eruptionsfolge  der  triadischen  Eruptivgesteine  bei  Predazzo  in  SiidtyroL  Kristisnia,  184^5,  p.  25. 

XXVI.  Monzonite,  Sasinathal,  Predazzo.    Brogger.  loc.  cit. 

XXVII.  Monzonite,  Beaver  Creek,  Bearpaw  Mountains,  Mont.  Weed  and  Pirsson,  Am.  Jour.  Soi.. 
4th  series.  Vol.  I,  p.  357.    Stokes,  analyst. 

XXVIII.  Monzonite,  Monzoni,  S.  Tyrol.    Brogger,  op.  cit.,  p.  24.    Schmeick,  analyst. 

XXIX.  Monzonite,  Yogo  Peak,  Montana.  Weed  and  Pirsson,  Am.  Jour.  Sci.,  4th  series,  VoL  I,  p. 
857.    Hillebrand,  analyst. 

XXX.  Monzonite,  Mulatto,  Predazzo,  S.  Tyrol.    Brogger,  op.  cit.,  p.  25. 

XXXI.  Monzonite,  Malgola,  Paedazzo,  S.  Tyrol.    Brogger,  loc.  cit. 

XXXII.  Monzonite,  Predazzo,  S.  Tyrol.    Brogger.  loc.  cit. 

XXXIII.  Monzonite,  Blansko,  Mfthren.    Brogger,  op.  cit..  p.  50. 
XXXIY.  Monzonite,  Hodritsch,  Hungary.    Brogger,  loc.  cit. 
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THE    EVIDENCE    OF    THE    liATA    FT^OWS    A8    REGARDS 
OROGEN^IC  MOVEMENTS. 

The  length  of  the  Table  Mountain  flow  and  its  favorable  position 
with  reference  to  the  present  drainage  system  suggested  the  compari- 
son of  its  grade  profile  with  those  of  the  Stanislaus  River,  including 
its  North  and  Middle  forks,  shown  in  PI.  II.  The  upi)er  curve  in  the 
diagram  is  that  of  the  base  of  the  Table  Mountain  flow.  Below  it  are 
the  curves  of  the  main  Stanislaus  River  with  its  two  principal  branches, 
the  lower  grade  being  that  of  the  larger  Middle  Fork.  All  the  profiles 
are  projected  upon  a  vertical  plane  parallel  with  the  upper  and  lower 
edges  of  the  map — a  method  which,  while  it  exaggerates  the  actual 
grade  of  certain  portions  of  the  streams,  has  the  advantage  of  refer- 
ring them  all  to  the  standard  of  an  ideal  consequent  stream  running 
straight  down  the  slope  and  allows  the  direct  comparison  of  one  with 
another. 

The  curves  as  drawn  for  the  existing  streams  are  dependent  upon 
the  accuracy  with  which  the  canyon  contours  are  laid  down  on  the 
topographic  sheets,  while  the  profile  representing  the  bottom  of  the 
lava  stream  as  now  dissected  is  in  general  somewhat  higher  than 
the  true  bottom  of  the  channel  down  which  it  flowed.  But  the  possi- 
ble error  from  both  sources  is  probably  not  large  enough  to  affect 
seriously  the  general  results  to  be  deduced  from  a  diagram  on  the  scale 
shown. 

The  most  noticeable  fact  that  appears  upon  a  comparison  of  the  differ- 
ent profiles  is  the  remarkable  regularity  of  the  Neocene  curve  as  com- 
pared with  the  curves  of  the  i)resent  streams.  When  there  is  recalled 
the  great  variety  of  rocks  upon  which  the  Table  Mountain  latite 
rests,  this  even  character  of  the  curve  indicates  that  the  stream 
which  the  lava  displaced  had  been  highly  successful  in  establishing 
itself  upon  a  uniform  grade.  In  contrast  with  this  profile,  the  profiles 
of  the  modern  streams  show  some  irregularities.  The  curve  of  the 
North  Fork  is  approximately  parallel  along  its  middle  portion  with  that 
of  the  Middle  Fork;  but  near  its  junction  with  the  latter  stream  it 
becomes  considerably  steeper,  probably  on  account  of  tlie  fact  that, 
owing  to  its  greater  volume,  the  Middle  Fork  has  been  able  to  corrade 
its  channel  more  rapidly  than  the  North  Fork,  so  that  the  latter  stream 
is  at  jjresent  being  lowered  near  its  mouth  at  a  rate  too  rapid  to  allow 
of  a  corresponding  compensation  along  its  entire  course.  At  its  ui^per 
end,  also,  the  curve  of  the  North  Fork  departs  from  its  parallelism  with 
that  of  the  Middle  Fork,  rising  rather  suddenly  and  becoming  slightly 
convex.  This  is  due,  no  doubt,  to  the  weakening  of  the  stream  near 
this  i>oint  by  a  splitting  up  into  head  water  ramifications  which  are 
individually  too  feeble  to  cut  deep  gorges.  In  the  case  of  the  Middle 
Fork  there  is  no  very  decided  convexity  shown,  as  the  stream  is  much 
longer  and  carries  its  gorge  farther  back  into  the  range.  It  is  interest- 
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ing  to  note  that  the  profile  of  the  Keoceue  channel  also  exhibits  a  slight 
convexity  In  the  upper  regions,  as  if  it,  like  the  North  Fork,  were 
approaching  its  former  head-water  drainage.  But  too  little  is  known 
of  the  extent  and  distribution  of  the  latites  to  the  eastward  to  draw 
any  valuable  conclusion  firom  this  change  in  curvature. 

The  curves,  as  they  stand,  give  evidence  that  the  Neocene  stream  bed, 
down  which  a  portion  of  the  lavas  flowed,  records  the  work  of  a  more 
nearly  graded  stream  than  either  of  its  modern  representatives!  the 
Middle  and  North  forks  of  the  Stanislaus.  It  probably  flowed,  there- 
fore, on  a  lower  grade  than  the  existent  rivers,  and  the  present  differ- 
ence of  2,500  feet  between  the  bed  of  the  Middle  Stanislaus  and  the 
bottom  of  the  Table  Mountain  flow  in  the  region  of  the  Dardanelles  is 
less  than  the  minimum  amount  of  elevation  of  this  portion  of  the  Sierra 
slope  since  the  date  of  the  latitic  eruptions.  Moreover,  the  great 
regularity  of  the  Neocene  curve  indicates  that  the  elevation  of  this 
region  was  effected  by  a  movement  or  movements  which  have  resulted 
in  at  least  a  superficial  resemblance  to  a  simple  block  tilting,  without 
deformation  of  the  old  surface  sufficiently  great  to  be  appreciable  by 
the  methods  here  used.  Lindgren,^  on  the  other  hand,  in  his  inter- 
esting study  of  the  Neocene,  Yuba,  and  American  rivers,  farther  north, 
found  that  the  elevation  was  accompanied  by  deformation,  whereby  the 
Neocene  channels,  instead  of  showing  the  regular  grade  profiles  of  their 
modern  representatives,  appear  "  to  be  composed  of  two  curves,  with 
the  convex  side  upward."  As  the  district  studied  by  Liudgren  is  some 
hundred  miles  north  of  that  here  described,  there  is  no  necessary  conflict 
in  the  diflferent  results  arrived  at  in  the  two  fields. 

The  channel  down  which  the  latite  flowed  was,  as  has  been  shown 
in  the  preceding  pages,  cut  during  the  volcanic  period  as  a  whole, 
and  belongs  in  time  with  the  ^^ intervolcanic  channels"  of  Liudgren, 
aihd  is  therefore  younger  than  the  channels  of  the  Neocene  Yuba 
and  American  rivers,  which  antedate  the  main  volcanic  eruptions.  It 
therefore  records  only  a  fraction  of  the  difierential  uplift  during  Neo- 
cene time.  According  to  Lindgi*en,  the  intervolcanic  channels  of  the 
region  described  by  him  exhibit  the  marks  of  an  erosive  activity  simi- 
lar to  that  of  the  present  day,  and  are  marked  by  strong  grades  in 
whatever  direction  they  flowed.* 

The  Table  Mountain  channel  seems,  however,  to  have  been  of  a 
slightly  different  class,  and  to  have  been  occupied  by  a  long  consequent 
stream  of  more  nearly  uniform  grade  than  the  present  rivers,  indicat- 
ing a  considerable  interval  of  erosion  between  the  diffierent  andesitic 
eruptions.  The  fact  that  it,  on  the  whole,  follows  the  course  of  the 
present  Stanislaus,  or  bisects  the  angle  of  its  two  main  branches,  indi- 
cates that  the  tilting  of  the  slope  has  been  substantially  constant  in 
direction  since  the  beginning  of  Neocene  time. 


»Ban.  Geol.  Soc.  America,  Vol.  IV,  1893,  p.  297. 
>Loc.cit,p.295. 
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SUMMARY. 

The  contents  of  the  preceding  sections  may  be  very  briefly  samma- 
rized  as  follows : 

The  area  embraced  by  the  map  is  a  fairly  typical  transverse  strip  of 
the  middle  western  slope  of  the  Sierra  Nevada,  having  been  worn  down 
to  a  rough  peneplain  during  the  interval  between  the  close  of  the  Jnra- 
trias  and  the  beginning  of  the  Miocene.  Daring  the  Miocene  the  vol- 
canic eruptions  began,  which,  accompanied  by  elevation  and  tilting 
of  the  peneplain,  lasted  to  the  end  of  the  Pliocene.  The  first  erup- 
tions were  rhyolitic,  followed  by  the  laying  down  of  a  great  cloak  of 
andesitic  breccias  and  tuft's.  The  deposition  of  the  auriferous  gravels 
both  preceded  and  accompanied  the  deposition  of  the  volcanic  materiaL 
*  The  accumulation  of  the  andesitic  tufts  and  breccias  was  interrupted 
by  at  least  one  period  of  considerable  erosion,  during  which  a  long 
consequent  stream,  the  predecessor  of  the  present  Stanislaus  Eiver, 
established  its  channel  down  the  slope,  cutting  through  the  volcanic 
cover  into  the  older  truncated  Bed-rock  series  along  the  greater  part  of 
its  course,  and  ultimately  attaining  a  very  uniform  grade.  This  stream 
was  subsequently  displaced  by  a  heavy  flow  of  augite-latite,  the  Xft^lfi 
Mountain  flow,  which,  coming  from  an  as  yet  unknown  source  near  the 
creit^f  the  range,  ran  down  the  stream  bed  to  the  edge  of  the  Great 
Valley,  a  distance  of  more  than  60  miles.  A  second  and  thinner  flow 
of  bigtite^augitalatit^  followed,  attaining  a  greater  lateral  extent,  but 
not  reaching  the  length  of  the  first  flow.  The  third,  or  Dardanelle 
flow,  of  augite-latite  closed  the  series  of  latitic  eruptious.  The  volcanic 
period,  as  a  whole,  was  brought  to  an  end  by  fresh  andesitic  eruptions, 
as  shown  by  andesitic  breccias  resting  upon  the  latites,  accompanied 
by  a  further  tilting  of  the  peneplain  toward  the  southwest^ 

During  Pleistocene  time  the  present  streams  have  dissected  the  Neo- 
cene lavas  and  tuff's,  including  the  latite  flows,  and  have  deeply  incised 
the  Bed-rock  series  of  Juratrias  and  older  rocks. 

The  Sierra  Nevada  latites  are  mineralogically  closely  related  to  ordi- 
nary andesites,  but  chemically  they  stand  between  the  andesites  and 
the  trachytes.  They  are  higher  in  alkalies  than  the  andesites;  the  pot- 
ash is  generally  slightly  in  excess  of  the  soda,  and,  in  the  particular 
rocks  described^  is  present  chiefly  in  the  unindividualized  glass  when 
no  biotite  is  present. 

Bocks  of  this  intermediate  chemical  composition  are  fairly  wide- 
spread, but  are  characterized  by  considerable  mineralogical  variety. 
The  name  latite  is  proposed  as  a  convenient  designation  for  this  entire 
group  of  effusive  rocks  standing  chemically  between  the  trachytes  and 
the  andesites,  and  corresponding  to  the  plutonic  monzonites  of  Brogger 
and  possibly  to  some  of  the  dike  banakites  of  Iddiugs  and  the  gauteite 
of  Hibsch. 

A  comparison  of  the  grade  profiles  of  the  Neocene  stream,  down 
^wbich  the  latites  flowed,  with  those  of  the  present  Stanislaus  Eiver, 
shows  that  the  elevation  of  the  crest  of  the  Sierra  Nevada  in  this  region 
has  been  such  as  would  be  produced  by  a  simple  block  tilting  without 
I)erceptible  warping.  Digitized  by  Google 
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LETTER  OF  TRANSMITTAL. 


Department  of  the  Intebiob, 

U.  S.  Geological  Survey, 
Washingtiyn,  D.  C,  January  i,  189J2. 
Sir:  In  accordance  with  established  usage,  this  bulletin,  like  its 
predecessors,  bulletins  0,  27,  42,  55,  60,  64,  and  78,  contains  a  record 
of  work  done  in  the  division  of  chemistry  and  physics  during  a  fiscal 
year.  It  is,  however,  incomplete  in  certain  respects;  for  unfinished 
investigations  are  not  described,  and  the  larger  researches  are  reserved 
for  independent  publication.  The  physical  studies  of  Dr.  Bams,  for 
example,  and  the  work  of  Dr.  Chatard  upon  the  Florida  phosphates, 
will  appear  in  separate  form ;  and  many  analyses  of  value  which  have 
been  made  in  the  chemical  laboratory  are  to  be  published  in  the  geo- 
logical reports  with  which  they  properly  belong.  The  bulletin,  how- 
ever, in  spite  of  omissions,  gives  a  fair  idea  of  the  range  and  variety  of 
work  done  in  the  chemical  laboratory. 

F.  W.  Clarke, 

Chief  Chemist. 
Hon.  J.  W.  Powell, 

Director, 
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WORK  DONE  IN  THE  DIVISION  OF  CHEMISTRY  AND 
PHYSICS  IN  1890-'91. 


ON    THE    CONSTITUTION     OF     CERTAIN     MICAS,  VERMICULITES, 

AND    CHLORITES. 


By  F.  W.  Clarke  and  E.  A.  Schneider. 


In  a  previous  paper  upon  the  constitution  of  the  silicates, *  we  sought 
to  establish  some  new  lines  of  attack  upon  the  problem,  especially  with 
reference  to  the  mica  and  chlorite  groups.  The  present  communication 
is  to  be  regarded  as  a  continuation  of  the  same  research,  and  by  essen- 
tially the  same  methods ;  although  in  some  instances  the  experiments 
have  been  less  elaborate,  when  elaborateness  seemed  to  be  unnecessary. 
Throughout  the  investigation  the  fundamental  hypothesis  that  the 
minerals  studied  axQ  substitution  derivatives  of  normal  salts  has  kept 
steadily  in  view;  and,  as  we  believe,  it  has  been  amply  justified. 

Of  the  so-called  vermiculites,  two  only,  jefferisite  and  kerrite,  were 
considered  in  our  former  paper;  and  these  were  shown  to  be  trihydrated 
micas,  in  which  the  original  alkalies  had  been  replaced  by  hydrogen. 
To  these  examples  we  now  add  several  others;  of  which  two  varieties 
afford  excellent  checks  upon  the  earlier  work.  The  two  minerals  in 
question  are  an  altered  biotite  from  the  zircon  mine  in  Henderson 
county,  N.  C,  and  the  protoverraiculite  from  Magnet  cove,  Arkansas, 
described  some  years  ago  by  Konig.  The  analyses,  with  itemized 
water  determinations,  are  as  follows: 


SlOa  .. 
TiOj.. 
ZrO,.. 
AI,Oa. 
F€aO,  . 
FcO  .. 
MnO.. 


Henderson  county. 

Protovormiciilito. 

Analysis. 

38-18 
1-68 
none 
14-02 
13-02 
2-22 
0-38 

Molocular 
ratio. 

•6:J6 
•021 

Analysis. 

34-03 
nndet. 

MoleiMilar 
ratio. 

5-67 

-138 
-081 
•031 
•005 

14-49 
7-71 
014 
0-09 

•142 
•048 
•002 
•001 

>  Bulletin  No.  78. 
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MgO 

C»0 

BaO 

K,0 

Ka^O 

H,0, 1050 

H,0,  250O-300O . 
H/),  obovo  300° 

HsO  over  H,S04 


Hexul«r8on  county. 


Analysis,      ^^j,,^ 


14-62 
0-17 
0-06 
5-40 
0-48 
3-20 
2-52 
4-80 


100-75 
3-20 


Analysis. 


•003 


I*rotovemiienlite. 


20-89 
1-88 


•057 

•008 

•178  j        11-23 

-140  4-55 


•2157 


5-41 


100-42 
11-J4 


Molocnlar 
ratio. 


•522 
•034 


•624 
•253 
•301 


The  analysis  of  protovermiculite  agrees  with  that  of  Konig  as  well  as 
could  be  expected,  but  is  carried  out  somewhat  more  in  detail.  In  its 
appearance  the  mineral  was  dark  brown,  broadly  foliated,  much  de- 
composed, and  very  brittle.  Before  the  blowpipe  it  exfoliates  and  fuses 
easily.  The  Henderson  county  mica  was  also  brown,  brittle,  and  de- 
composed, exfoliating  when  heated  and  fdsing  at  the  edges.  Both 
minerals  were  examined  optically  by  Mr.  Waldemar  Lindgren.  The 
protovermiculite  he  describes  as  **  yellowish,  containing  in  arborescent 
forms  between  the  plates  a  great  deal  of  a  deep  yellow  or  reddish  sub- 
stance, probably  hydroxide  of  iron.  Angle  of  optio^l  axes  larger  than 
usual.  Slight  pleochroism ;  thicker  plates  remain  light  between  crossed 
nicols.''  Of  the  Henderson  county  mica  he  says — "contains  no  tita- 
nium mineral.  Contains  a  few  grains  of  a  colorless,  strongly  double- 
refracting  mineral  of  uncertain  nature,  possibly  zircon.  Plates  nearly- 
dark  between  crossed  nicols.  Angle  of  optical  axes  small,  but  dis- 
tinctly observed."  In  the  material  selected  for  analysis  the  impurities 
noted  by  Lindgren  were,  so  far  as  possible,  removed. 

The  composition  of  each  mineral  reduces  quite  easily,  in  accordance 
with  the  methods  followed  in  our  former  work,  to  a  mixture  of  simple 
isomorphous  types.  The  only  uncertainties  appear  to  be  in  connection 
with  the  loosely  combined  water,  which  is  driven  off  below  300o.  In 
the  Henderson  county  mica  we  have  the  molecules 

/Si04  -_  MffK        /Si04  _z  Hn        /Si04  _1  MgH        XO^^ 
Al— Si04"MgH    Al— Si04      H3    Fe~Si04llMgH    Fe— O^^    ^ 
\Si04:^Al  \Si04  =  H.,        \Si04-^.Fe  \SiO4EEH3 

in  the  ratio  8 : 1 :  3J :  3.  The  loosely  combined  water  is  in  the  proper 
amount  to  monohydrate  the  four  molecules;  but  its  actual  distribution 
is  uncertain.  In  the  subjoined  table  monohydration  is  provisionally 
assumed.    In  tlie  protovermiculit-e  we  have  the  three  molecules 


/Si04  =  H3 

Al— Si04L:H3 

\Si04  =  H3 


/O 


Al-O 

\SiO4 


>Mg 


EH, 


^"SssAGoogle 


CLARKKANI) 
SCHNEIDBU. 
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each  plus  three  molecules  of  water,  in  the  ratio  14 : 0 : 9.  As  in  the  case 
of  jefferisite  and  kerrite,  the  three  molecules  of  loosely  combined  water 
are  unlike,  two  being  given  oft'  over  sulphuric  a<5id  and  the  third  re- 
tained rather  more  tenaciously. 

Reducing  the  original  analysis  to  100  per  cent,  uniting  all  similar 
oxides  to  similar  type,  rdckouiug  FeO  as  MgO,  NasO  as  KjO,  TiO«  as 
SiOj,  etc.,  we  get  the  following  comparison  between  observation  and 
theory  : 


SiO>, 

AlaO, 

FejOi 

MgO 

K,0 

H«0,  CBseutial  . . 
H,0,  hydration  . 


Henclerson  county. 


Fonufl.        Calc. 


39-70 
14- 1^ 
1311 
1632 
617 
4-83 
5-76 


100-00 


39-90 
14-25 
13-15 
1708 
617 
4-87 
4-58 


Proto  vermicalite . 


Found.        Calc. 


34-10 

14-52 

7-72 

22-41 


10000 


5-43 
15-82 


100-00 


3418 
14-78 
7-20 
22-79 


5*40 
15-65 


100*00 


These  results,  taken  in  connection  with  our  work  on  jefterisite  and 
kerrite,  and  with  the  mica  theory  upon  which  all  our  formulfe  are  based, 
are  exceedingly  suggestive.  Kerrite  is  essentially  a  trihydrated  hydro- 
phlogopite,  Protovermiculite  is  the  same  substance,  commingled  with 
a  trihydrated  hydroclintonite,  in  the  ratio  1 ;  1  very  nearly.  Jefferis- 
ite is  a  similar  mixture  of  hydrobiotit^*  and  hydroclintonite,  also 
trihydrated,  and  in  the  ratio  1:1.  The  Henderson  county  mica  is 
essentially  a  biotite,  about  half  way  transformed  into  a  vermiculite, 
and  is  interesting  as  a  transition  product.  The  hydration  of  its  several 
admixed  molecules  is  naturally  uncertain.  At  an  early  date  we  hope 
to  imitate  experimentally  the  process  by  which  a  mica  becomes  trans- 
formed into  its  corresponding  vermicuhte. 

But  although  the  above-named  minerals  appear  to  be  very  simple  in 
their  structure  and  relationships,  a  like  simplicity  does  not  characterize 
all  of  the  vermiculites.  In  some  members  of  the  group  there  seem  to 
be  a  small  admixture  of  chloritic  molecules,  and  it  is  even  probable 
that  many  intermediate  stages  between  mica  and  chlorite  may  exist. 
As  bearing  upon  this  question  we  have  a  series  of  vermiculitic  minerals 
from  Chester  and  Delaware  counties,  Pennsylvania,  some  of  which  have 
already  been  studied  by  Cooke,  Gooch,  Leeds,  and  others,  while  some 
liHiVe  escaped  examination  hitherto.  To  begin  with,  we  may  consider 
the  hallite,  from  Nottingham,  Chester  County,  and  the  vermiculites 
from  Lenni  (not  Lemi),  Delaware  County.  The  hallite,  received 
tt rough  the  kindness  of  Mr.  W.  W.  Jeflferis,  was  dark  bluish  green, 
and  agreed  perfectly  with  the  published  descriptions.  The  Lenni  min- 
eral, partly  from  the  collection  of  the  late  Isaac  Lea,  and  partly  gath- 
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ered  in  the  field  by  one  of  us,  is  represented  by  several  varieties,  which 
in  a  large  series  of  specimens  are  seen  to  shade  into  each  other.  Three 
varieties  were  examined:  one,  silver  whit^,  resembling  outwardly  an 
ordinary  mica;  a  second,  bronzy  brown,  like  jefferisite;  and  the  third, 
dark  green,  similar  to  clinochlore.  All  four  substances  were  examined 
microscopically  by  Mr.  Lindgren,  who  report4  as  follows: 

A.   HALLITE. 

Corresponds  exactly  to  Cooke's  description.^  Contains  spear-shaped 
rhombic  or  more  rarely  hexagonal  inclusions  of  a  dark  brown  mineral 
distributed  along  lines  cutting  each  other  at  angles  of  60°  and  120o. 
Asterism  apparently  uniaxial,  although  the  plates  sometimes  show  slight 
double  refraction  between  crossei  nicols. 

B.  WHITE  LENNI.    ■ 

Silvery  luster  in  large  fiagments.  Thin  foils  colorless,  thicker  yel- 
lowish and  yellowish  brown.  Substance  pure;  no  inclusions,  except 
small  crystals  of  feldspar  ( ?)  once  observed.  Thin  lamellae  very  faintly 
double  refracting,  in  streaks  and  patches.  Interference  figure  a  cross, 
not  dissolved.    Crossing  lines  on  suif  aee  marked  quite  well. 

C.  BROWN  LENNI. 

Brownish  yellow,  similar  to  biotite.  Hexagonal  line  system  not 
very  marked.  Tliin  plates  yellowish  to  deep  yellowish  brown.  Sub- 
stance pure,  except  containing  in  small  foils  and  arborescent  forms 
some  Fca  O3.  Thicker  plates  do  not  extinguish  in  any  position  between 
crossed  nicols.    Angle  of  optical  axes  very  small. 

D.  GREEN  LENNI. 

Thin  lamellae  colorless,  thicker  light  to  deep  green.  No  inclusions. 
Thin  lamellae  faintly  double  refracting;  in  tliicker  plates  the  cross  is 
dissolved  into  distinct  hyperbolas.  Does  not  get  dark  in  any  position 
between  crossed  nicols.  Pleochroism  notable  in  sections  oblique  to  the 
cleavage  plane.  Fibers  deep  green  when  parallel  to  the  principal 
plane  of  the  microscope,  light  green  when  perpendicular  to  it.  Ko  line 
systems  noted  on  the  surface. 

Upon  analysis,  the  four  minerals  gave  the  subjoined  results,  with 
the  water  determinations  itemized  as  usual : 

»Proc.  Am.  Acad.  ArU.  and  Science«,  1874,  vol.  9,  p.  36. 
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A.  Hallit(>.    It.  Lciiui  1 .    ('.  LvDiii  2.   D.  L<*iiui  :i. 


SIO» 

TIO, 

A1,0, 

FeA 

Cr,0, 

FoO 

MnO 

KiO 

MgO 

BaO 

HiO,  106° 

fl^,  2500-3000 . 
HfO.  red  heat . . 


35-54 

iindet. 

9-74 

9-07 


0-28 
0-25 
016 
30-05 


2-64 

1-23 

10-91 


j  Lo«i»over  H2SO4. 


99-9^ 
iiqdct. 


3a- 72 
018 

1006 
5-37 
0-26 
0-12 
0-31 
0-20 

29-40 


6-40 
2-68 

809  i 


35M9 
0-58 

1205 
6-67 
0-46 
Oil 
0-27 
0-20 

2762 

tract* 
5-TO 
1-98 
9-22 


100-39  t 
6-92  ' 


99-95 
5-84 


34-90 
010 

10-60 
8-57 
0-23 
0-22 
0-17 
019 

28-21 


99-66 
5-21 


In  these  analyses  we  at  once  see  that  the  combhied  water  is  mostly 
in  excess  of  the  crystalline  water,  and  that  the  formula?  deduced  must 
be  correspondingly  modified.    The  molecular  ratios  are  as  follows: 


I 


— ' 

-  - 

•614 

•591  [ 

-583 

•134 

•163  1 

-159 

•744 

•698  1 

•712 

•483 

•512  1 

•549 

■504 

•427  1 

•366 

sio, t  '^^ 

RA 152 

KO '  '760 

H,0,flxed 1  -606 

Aq -215 


In  order  to  learn  something  as  to  the  distribution  of  the  hydroxyl 
indicated  by  these  ratios,  resort  was  had  to  the  process  of  heating  in 
dry,  gaseous,  hydrochloric  acid,  as  described  in  our  former  paper. 
From  this  test,  however,  the  brown  Lenni  vermiculite  was  omitted,  as 
being  intermediate  in  its  character  between  the  white  and  the  green. 
Each  experiment  was  made  at  the  temperature  383o-412o. 


B. 


I 


Honra  heated. 


Bj|Oi  removed 

MgO  removed 

Molec.  ratio  MgOH . 


■| 


3-42~| 

8-09    I 

-202  i 


16 

To8~ 
6-30 
rl58 


1>. 

17 

l-5?~ 
657 
•164 


Here  it  is  assumed,  on  the  grounds  of  our  former  work,  that  the 
magnesia  rendered  soluble  by  gaseous  HGl  is  present  as  MgOH. 
Eepresenting  this  by  the  symbol  R',  the  three  vermiculites  give  the 
following  empirical  formulae : 


Hallite R' 

White  Leniii R' 

Green R' 


'304R"s6^V2Hioio(Si04)w2043ft,  215  aq. 
',^"m^'is,H^  (SiOOtiuOiw,  5(W  aq. 
'3i8R"648K'ie4Hjo4  (8104)5830408,  ^-^  366  aq^ 
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Tb68e  reduce  at  once,  subject  to  small  uncertainties  as  to  hygroscopic 
water,  to  mixtures  of  molecules  of  the  hydroclintonite  and  hydro-phlog- 
opite  types,  with  small  amounts  of  chloritic  compounds  Mg(Si04)2 
(MgOH)6  and  Mg2(Si04)iH4.  Upon  this  basis  the  three  minerals  be- 
come: 

MolcctilcD. 


Hallite AlCSiOOsMgaH^         3a<i. 

A10«Mg8i04Ha 

Mg(8i04),(MgOH)« 

Mg,(Si04)«H4 

White  L«niii A^SiOOaMg^Ha         3ftq. 

AlOaMgSiOJi, 
Mg(8i04),(MgOH)H 

Green  Lennl Al(Si04)3Mg3H3         3  aq . 

AlOjMgSiO^Ha 
Mg(8i04)vr(Mg0H)e 


7 

18 
3 
2 

6 
5 

1 
4 
8 
1 


The  actual  ratios  observed  were  slightly  more  complex,  but  the  fore- 
going expressions  accord  well  with  the  analyses.  Here,  as  previously, 
we  may  reduce  the  analyses  to  typical  form  and  100  per  cent,  reckon- 
ing Fe203  as  AI2O3,  etc.    The  comparison  is  as  follows; 

AnalyseM  reduced. 


SiO, 

AlA 

MgO 

H«0 

Aq 

MgOiuMj^H. 


A(Halllto). 

B  (White). 

36-93 

37-56 

1613 

U-92 

■      31-58 

30-41 

U-34 

8-86 

.•02 

9-25 

D (Green).  ' 


10000  I 
800 


100-00 
6-30 


36-33 
16-83 
29-44 
10-26 
6-84 


10000 
6-57 


Calculated, 


SiO, I  36-47 

Al,0, '  15-82 

MgO !  31-75 

H,0 j  11-27 

Aq 4-09 

100-00 
MgOinMgOH ' 


When  we  consider  the  nature  of  the  vermiculites,  as  products  of 
alteration,  the  agreement  here  shown  is  fully  as  close  as  could  be 
expected.  Many  well  crystallized  minerals,  fresh  and  unaltered,  are 
less  simply  interpreted. 

On  the  19th  of  February,  1891,  Prof.  Tschermak  read  before  the  Vi- 
enna Academy  a  paper  on  the  chlorite  grou]),^  in  which  he  referred 


iSitKunjrsb.  Wien.  Akad.,  1891,  vol.  100,  p.  31. 
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certain  yermiculites  to  that  class  of  minerals.  He  also  put  forth  some 
views  concerning  the  constitution  of  the  chlorites,  which,  however,  we 
can  not  discuss  in  the  present  communication. 

One  fundamental  molecule,  regarded  by  Tschermak  as  a  constituent 
of  most  chlorites,  we  may  adopt  for  present  purposes,  under  slightly 
different  structural  form  from  his.  This  is  the  "  amesite  substance,'' 
SiAl2MgjH409,  written  by  Tschermak  SiAl,H207(MgOII)2.  In  default 
of  experimental  evidence  this  may  be  transformed  into  OMgjSiOi 
(A1H202)2,  when  it  becomes  part  of  a  natural  chloritic  series  parallel 
with  the  micas,  thus: 

Normal  orthosiUcate . , . . Al4(Si04)s  Mg4(Si04)a 

Whence  we  derive —  Mlcaa.  Chlorites. 

A]a(Si04)3K'3  Mg3(Si04)«R'a 

Al,(Si04)3R'«  Mga(Si04)aR'4 

Al  (Si04)3R'9  Mg  (Si04)2R'« 
•      ^                                         yO\  Mg 

AI-OX"  O/"       \siO-R' 

\SiO4-R',  ''\ug/^'^'-^^  ' 
In  other  words,  the  "amesite.  substance"  in  our  chlorite  series  is  the 
basic  equivalent  of  the  clintonite  molecule  among  the  micas,  and  is 
applicable  to  the  solution  of  certain  obscure  problems.  Some  of  the 
vermiculites,  as  Tschermak  suggests,  are  i)robably  chlorites,  and  two 
examples  have  come  under  our  notice  in  which  this  view  is  partly  sus- 
tained. Both  were  originally  received  from  Mr.  Jefteris;  one  from  the 
corundum  mine  at  Newlin,  Chester  county,  Pa.,  and  the  other  from  Mid- 
dletown,  Delaware  county,  in  the  same  state.  The  Newlin  mineral 
Tvas  duU  green,  and  much  resembled  culsageeite  both  outwardly  and 
optically.  The  Middletown  vermiculite  was  bright  golden  yellow; 
strongly  exfoliating  before  the  blowpipe  and  fusible  on  the  edges.  It 
nvas  found  upon  the  farm  of  Mr.  James  Painter,  whence  Mr.  Jeflferis 
named  it  .provisionally  "painterite,''  a  name  which  seems  also  to  have 
been  applied  to  a  peculiar  brownish,  waxy,  feldspathic  matrix  in  which 
the  broad  golden  laminae  were  imbedded.  A  second  sample  of  it  was 
later  collected  by  one  of  us.  According  to  an  optical  examination  by 
Mr.  Lindgren,  the  matrix  of  the  "  painterite"  is  a  mixture  of  plagioclase 
feldspar,  probably  labradorite,  with  serpentine.  Concerning  the  three 
vermiculites  he  makes  the  following  notes: 

A.  FROM  NEWLIN. 

Hexagonal  surface  marking  quite  distinct.  Bluish  green.  In  thin 
lamellae  colorless  to  pale  bluish  green.  Substance  pure.  The  green- 
ish color  is  distributed  somewhat  unevenly  through  the  mineral.  Axial 
single  unusually  large,  being  at  least  25°. 

B.   "PAINTERITE"   RECEIVED  FROM  JEFFERIS. 

Yellowisi  brown.  Strong  hexagonal  marking  on  the  surface.  Thin 
lamella)  colored  yellowish  by  numerous  interpositions  of  a  very  finely 
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distributed  substance,  probably  hydroxide  of  iron*  Even  thin  foils  show 
slight  double  refraction  between  crossed  nicols,  and  do  not  extinguish 
in  any  position.    Angle  of  optical  axes  small  but  distinct. 

C.   ^'PAINTERITB"  COLLECTED  BY   SCHNEIDER. 

Surface  marking  quite  distinct.    Contains  a  great  number  of  small 
foils  of  FcjOsy  and  also  some  yellowish,  finely  divided  substance.    Not 
'  enough  materially  to  affect  the  analysis.    Otherwise  like  B.    Analysis 
as  follows:    A,  Newlin;  B,  painterite  from  Jefferis;  C,  painterite  col- 
lected by  Schneider;  D,  matrix  of  painterite. 


sio,... 

T*Oj.. 

AlA 

Cr,0|. 

FeA. 

FoO-. 

MnO.. 

NIO.. 

MgO.. 

CaO.. 

K,0., 


Na,0 

H,0,  W5° 

H,0»  2500-300° . 
H,0,  ignition . . 


31-23 


17-52  j 
0-14  I 
4-70 
1-20 
0-20  ' 
0-33 

31*3C 


34-80 
trace 
11-04 


3-78 
0-20 


014 
31-32 
0-07 


I 


1-08 
0-40 
12-15 


C. 


33*05 
trftce 
12-52 


4-40 
0-20 


D. 


52-47 


21-72 


1-23 
0-17 


0-23    

30-50         9-20 
none         3*25 

!      0.63 

I      500 

114 


1-64  I       1-56  I 

103  .       0-59  I 

15-75  I     16-46  ;       4-74 


100-31   100-43  '  100-47  j  90*70 


Upon  treating  the  three  vermiculites  with  gaseous  hydrochloric  acid 
at  3830-4120,  the  following  results  were  obtained : 


A. 

B. 

C. 

8 

12* 

19 

109 

•80 

•78 

5-86 

8-26 

9-56 

•146 

-207 

•239 

Honn  heated 

R,Oi  removed 

MgO  removed ' 

Holeonlar  ratio  MgOH 


The  mole^cular  ratios  are: 


SiO, 
BtO, 
Kp. 
H,0 
Aq. 


A. 


•520 
•202 
•808 
-675 
•080 


■581 
•138 
•789 
-875 
•148 


•566 
-160 
-770 
•914 
•119 
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In  these  examples  the  water  (Aq.)  exi)elled  below  300^  is  so  small  in 
{unonnt  that  it  may  be  left  oat  of  consideration.  Part  of  it  undoubtedly 
represents  hydrated  molecules,  which,  however,  are  relatively  so  few 
in  number  that  they  may  be  for  present  purposes  disregarded. 

From  the  remaining  ratios,  writing  MgOH  as  B',  the  subjoined  em- 
pirical formuhe  are  directly  derived: 

,Newliii R"'«iR"eMR'i*iH,»4(8iO'4)«oO««. 

"Painterite"  B R",t6  R''iw«  Ran  H,m»  (SIO^mi  Otw- 

"P«interite"C R  "sw R'loi  B'w  H.mb  (8iO«)«» Ot«. 

Reduced  to  structural  form,  these  give  less  satisfactory  results  than 
the  previously  considered  vermiculites.  The  Newlin  mineral  may  be 
regarded  as  nearly  a  hydroclintonite,  A102MgSi04H3,  with  an  admix- 
ture of  an  amesitelike  compound,  Mg20Si04(MgOH)s,  in  the  ratio  4:1. 
In  reality  the  mixture  is  more  complicated  and  must  contain  other 
molecules.  The  ^^painterite"  0  is  wholly  chloritic,  containing  the  ame- 
site  molecule  Mg,OSi04(AlHs02)s,  with  the  molecules  Mg(Si04)2(MgOH)« 
and  Mg(SiC^)2H69  in  the  ratio  8:2:9.  These  compare  with  the  actual 
analyses,  reduced  to  typical  form  and  100  per  cent,  thus: 


sio, 

Ai,o, 

MgO 

HjO 

MgO  in  MgOH 


Newlin. 


•Painterite." 


Found. 


32-42 
21-39 
33-67 
12-02 


10000 
609 


Calo. 

31-57 
21-47 
33-60 
13-27 


100-00 
8-42 


Found. 

35-03 
16-22 
31-77 
16-08 


10000 
856 


Calo. 


16-18 
30-84 
17-44 


100-00 
9-40 


The  ^^painterite''  B  reduces  less  easily,  but  satisfies  all  the  required 
conditions.  It  is  like  G,  but  contains  other  chloritic  molecules  in  some- 
what complex  ratios.  It  must  be  remembered  that  all  these  minerals 
are  mixtures^  and  the  fact  that  they  are  reducible  at  all  to  simple  ex- 
pressions is  a  strong  point  in  favor  of  the  theory  adopted  for  the  chlo- 
rites  and  micas  in  general. 

A  very  interesting  example  of  the  way  in  which  the  chloritic  vermic- 
ulites approach  the  serpentines  in  composition  and  character  has  been 
famished  us  by  Mr.  G.  P.  Merrill,  of  the  TJ.  S.  National  Museum.  It 
was  found  by  him  at  Old  Wolf  quarry,  Chestnut  hill,  Easton,  Pa.,  and 
is  described  by  him  as  follows  : 

It  oocnn  in  the  form  of  bright  yellowish  green  inelastic  scales  of  all  sizes  np  to 
Brii  inch  in  diameter,  associated  with  a  compact  tremolite  rock,  which  is  here  qnar-  • 
ried  and  pnlrerized  for  nse  as  a  filler  in  paper  manufactare.  The  character  of  the 
rock  is  greatly  varied,  but  at  the  quarry  opening  the  prevailing  material  is  tremo- 
lite, more  or  less  altered  into  serpentine,  the  yermicnlite  and  other  secondary  prod- 
acts  including  caloite  in  both  fibrons  and  grannlar  forms. 
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The  YeTmicalite,  although  occurring  in  plates  of  considerable  thickness,  readily 
separable  into  thin  folite,  never,  so  far  as  observed,  sho^os  good  crystal  outlines. 
Optically  it  is  biaxial  and  negative,  though  the  axial  angle  is  small,  basal  plates  in 
the  thin  section  showing  a  black  cross,  which  scarcely  opens  at  all  during  the  revo- 
lution of  the  stage.  Cleavage  plates  a  millimeter  or  more  in  thickness  show  plainly 
the  biaxial  character,  though  the  figure  is  somewhat  distorted.    Dispersion,  p  <  v. 

The  surface  of  the  plates  is  at  times  plainly  marked  by  sharp  lines  crossing  at 
angles  of  6(F  and  12(F,  and  along  which  the  mineral  frequently  separates  readily. 
Before  the  blowpipe  the  mineral  exfoliates  and  fuses  readily  on  the  edges  to  a  thin 
glass. 

According  to  Mr.  Merrill  this  mineral  is  sometimes  seen  in  cabinets 
labeled  ^'talc;''  and,  indeed,  in  its  appearance  it  resembles  both  talc 
and  serpentine.  Upon  analysis  the  following  results  were  obtained, 
the  percentage  of  K20  representing  two  identical  determinations: 


SiO, 

AiA 

Fe^t 

MgO 

KjO 

Na,0 

H,0,  106° 

HjO,  2500-300° 
HtO,  ignition  . 


Analysis. 

Molecu- 
lar ratios. 

43-71 

•728 

3-59 

•035 

0-90 

•006 

38-58 

•964 

2-22 

..    '^ 

013 

-002 

0-46 
009 
10-70 

-594 

100-38 

Treated  with  dry,  gaseous  HCl  at  383<5-412o  for  16^  hours,  4^36  par 
cent  of  magnesia  became  soluble,  corresponding  in  molecular  ratio  to 
109  mol.  MgOH.  Hence  the  mineral,  although  resembling  serpentine 
in  general  composition,  differs  from  the  latter  in  its  proportion  of  this 
molecular  group. 

Upon  treatment  with  aqueous  HCl,  of  specific  gravity  1-12,  a  small 
portion  remained  undecomposed.  Ten  grammes  of  the  mineral  were 
therefore  digested  with  the  acid  for  three  days  on  the  water  bath,  and  the 
residue  was  afterwards  boiled  out  with  a  solution  of  sodium  carbonate 
to  remove  liberated  silica.  The  remaining  residue,  amounting  to  3-10 
per  cent  of  the  original  material,  was  then  analyzed  separately  and 
found  to  contain — 

SiO, 64-53 

AlflOs,  FoaOji 203 

MgO 3304 

99-60 

All  the  potash  went  into  solution;  whence  it  seems  probable  that  no 
muscoYite  was  present.  The  ratios  of  the  insoluble  residue  agree  very 
closely  with  those  of  talc,  and  we  may  therefore  assume  that  mineral 
to  be  present  as  an  impurity.    Deducting  from  the  molecular  ratios 
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given  above  the  quantity  of  talc  indicated  by  experiment,  we  get  for 
the  empirical  formula  of  the  mineral  the  expression —     • 

Al82K5oMgw8H,iTO(Si04)e950ffll, 

which  becomes,  if  the  excess  of  oxygen  is  regarded  as  hydroxyl,  with 
(MgOH)io9  as  observed, 

Mg829K5oHro9(MgOH),oe(AlHgO,)8,(OH)9. 

The  small  excess  of  hydroxyl  is  probably  due  to  undistributed  errors 
of  analysis,  and  may  be  added  to  the  MgOH,  bringing  the  latter  to  118 
and  reducing  the  Mg  to  820.  Then,  generalizing,  by  uniting  all  the 
univalent  g{pups  and  atoms,  we  get  as  an  ultimate  formula — 

Mg8ao(Si04)6»K'u39, 

which  equals,  almost  exactly, 

125  Mg3(Si04),R',  +  223  Mg,(Si04)aB'4, 

a  result  in  accordance  with  our  serpentine-chlorite  theory.  The  distri- 
bution of  the  several  components  of  E'  is,  however,  not  clear  and 
remains  to  be  ascertained.  "So  other  discussion  of  the  analysis  appears 
to  give  as  satisfactory  results  as  this,  and  we  have  tried  several  meth- 
ods of  reduction,  representing  various  hypotheses. 

One  other  mineral  examined  during  this  investigation  remains  to  be 
noticed,  a  pale  yellowish  green  mica  collected  by  Mr.  G.  P.  Merrill  at 
a  granite  quarry  in  Auburn,  Me.,  near  where  the  Maine  Central  rail- 
road crosses  the  Androscoggin  river.  It  occurs  in  direct  contact  with 
ordinary,  broadly  foliated  muscovite,  sometimes  forming  marginal 
growths  about  the  plates  of  the  latter  mineral,  like  lepidolite.  Analy- 
sis gave: 

SiOa 46-54 

AlaO, 34-96 

Fe»04 : 1-59 

MgO 0-32 

K,0 ^ 10-38 

NftiO 0-41 

F none. 

H.iO,106o 0-71 

H2O,  ignition 4-72 

99-63 
This  is  the  composition  of  muscovite,  which  the  mica  undoubtedly  is. 
The  case  is  interesting,  however,  as  showing  a  secondary  growth  of 
muscovite  on  muscovite,  with  a  marked  difference  in  outward  appear* 
ance  between  the  two  formations. 
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By  W.  F.  Hillebbamd. 


Since  the  publication  of  a  former  paper  on  the  occurrence  of  nitrogen 
in  uraninite  and  on  the  composition  of  uraninite  in  general^  no  advance 
lias  been  made  toward  clearing  up  the  mystery  surrounding  the  compo- 
sition of  that  mineral,  although  considerable  work  has  been  done  in 
certain  directions,  some  of  which  is  of  sufficient  interest  to  be  produced 
later  in  a  separate  publication.  In  addition,  several  analyses  of  urani- 
nit4  have  been  made,  the  material  being  in  part  from  localities  hitherto 
unrepresented  by  analytical  data,  and  these  form  the  subject  of  the 
present  paper. 

A  first  glance  sufficed  to  show  that  the  specimens  were  not  fresh  and 
that  therefore  analysis  could  throw  no  light  on  the  ultimate  comxK>6i- 
tion  of  the  mineral,  but  valuable  data  to  be  obtained  as  to  the  presence 
or  absence  of  nitrogen  and  of  the  rare  earths  furnished  ample  excuse 
for  the  work. 

No.  la  is  a  reanalysis  of  nivenite  from  Llano  county,  Tex.,  the  ma- 
terial for  which  was  kindly  given  by  Mr.  W.  E.  Hidden.  It  agrees  in 
the  main  with  the  original  analysis  of  this  variety  by  Hidden  and  Mack- 
intosh,' which  is  reproduced  under  ifc,  and  it  confirms  the  presence  of 
nitrogen,  suspected  but  not  proved  by  them.  A  small  remnant  of  their 
original  i)Owdered  sample  gave  me  0*52  per  cent  of  nitrogen.  In  a  the 
earths  appear  in  slightly  greater  total  amount  than  in  b  and  they  are 
more  subdivided  into  groups  and  elements,  which  accounts  ftiUy  for  the 
difference  between  the  atomic  weights  of  the  metals  of  the  yttrium  group 
of  the  two  analyses.  It  was  rendered  certain  by  a  second  test  that  a 
group  of  earths  whose  sulphates  are  insoluble  in  potassium  sulphate, 
other  than  those  of  Th,  Zr,  and  Ce,  is  present.^  A  very  satisfactory 
turmeric-paper  reaction  for  zirconia  was  obtained  in  this  analysis,  as 

1  Am.  Joar.  ScL,  3d  iier.,  rol.  40,  p.  384;  Ball.  U.  S.  Oeol.  Survey,  Ko.  78, 1889-*90,  p.  43. 
>  Am.  Joor.  Sci.,  3d  ser.,  1889,  vol.  38,  p.  481.  • 

*  It  niay  be  here  remarked  that  the  subdivision  of  the  earths  into  the  groups  indicated  by  (La,  IM)/)^ 
and  ( Y,  Er)tO|  in  all  my  former  analyses  should  not  be  taken  too  literally.  By  the  former  are  meant 
those  earths  insoluble  in  potassiiun  sulphate  and  by  the  latter  thoito  soluble  in  ttiat  reagent. 
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alAo  in  that  next  following,  which  would  go  to  show  that  the  hypo- 
thetical ZtOx  of  several  of  my  earlier  analyses  was  probably  in  fact 
2!irconia.  The  cause  of  the  couBiderable  loss  shown  by  the  analysis  is 
not  knowni  It  may  be  mentioned  that  nivenite  is  more  soluble  than 
any  uraninite  heretofore  examined  by  me,  not  even  excepting  cleveite* 
One  hour  sufficed  for  complete  decomposition  in  very  dilute  sulphuric 
acid  (IH2  SO4  to  6H2O)  at  the  temperature  of  boiling  water. 


UOi 

VOs 

TliO, 

ZrO, 

CeOt 

LagToap  . 
Ygnrap .. 

CaO 

PbO 

HtO 

N..." 

810, 

Inaoluble . 

Fe;Oi 

Al,0.f.... 
MgO...;.. 

N«,0 

B1,0| 

CuO 

MnO 


P.0,.. 
A8,0.. 


V.0... 
W,0,. 
MoO,. 
SO,... 


Sp.gr. 


I.—Llaao  oounty, 
Tex. 


a,  HlUe- 
brand. 


b.  Hidden 

and 

Maokia- 

«osh. 


4417 

20-80 
609 
0-34 
0-34 
2-30 

10-48 
0-32 

10-08 
1-48 
0-54 
**0.4« 
ttl-47 
014 


46-75 
10-89 
7-67 


J 11-22 


10-16 

112-54 


1.22 
0-58 


rietta, 
S.C. 


I   *  83-05 

1-65 

0-20 

010 

205 

§616 

0-41 

.    8-58 

ondet. 

iindet. 

;       0-20 

trace. 


trace, 
trace. 


08-74 
8-20 


00-03 
801 


08-30 


m.— vtt- 

lenenve 
bee,  Can- 


41-06 
34*67 
6-41 

0*40 
111 

112-57 
0-30 

11-27 
1-47 
0-86 
019 
0-13 
0-10 


0-00 


100-72 


rv. 


georgen- 

stadt. 

Saxony. 


50-80 
2233 


1-00 
6-30 
3.17 
002 
0-50 


0-21 
0-20 
017 
0-31 
0-75 
0-17 
0-09 
006 
2-34 

0-75 

010 


97-95 
6-89 


*  Aa  n,Ok.  t  Atomic  weight,  111-4.  :  Atomic  weight,  124-2.  §  Atomic  weight,  113-6.  The  oxa- 
latoa  of  this  group  were  white,  not  pink  like  thoee  in  la,  but  the  color  of  the  ignited  oxides  was  the 
same  in  both  oaaea  and  very  light.  i|  Atomic  weight,  111*2,  approximatoly.  H  Ignition.  **  From 
thorogammite.    ii  Mainly  fergoaonite. 

No.  II  is  from  anew  locality,  Marietta,  Greenville  county,  South  Caro- 
lina, and  the  total  amount  found,  a  few  small  fragments,  was  kindly 
^ven  by  Mr.  W.  E.  Hidden  for  examination.'  It  was  impossible  to  free 
the  least  altered  portions  from  the  yellow  and  orange  alteration  prod- 
ucts with  which  the/were  intimately  commingled ;  therefore  the  analysis 
represents  the  composition  of  a  mixture.  Unfortunately  also  the  por- 
tion in  which  UO2  and  N  were  to  be  estimated  was  lost,  but  it  was 
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seen  that  the  mineral  was  very  soluble  and  gave  oflF  considerable  gas. 
From  the  preponderance^  of  the  yttrium  group  over  the  other  rare 
earths  the  mineral  is  to  be  classed  with  nivenite  and  cleveite  rather 
than  with  those  varieties  rich  in  thoria,  a  conclusion  already  foreshad- 
owed by  its  ready  solubility. 

No.  Ill  is  an  analysis  of  uraninite.from  the  Villeneuve  mica  mine, 
township  of  Villeneuve,  Ottawa  county,  province  of  Quebec^  Canada. 
To  Mr.  G.  0.  Hoffman,  of  the  Canadian  Geological  Survey,  who  first 
recognized  and  reported  this  occurrence,^  I  am  indebted  for  the  ma- 
terial analyzed.  It  was  evidently  somewhat  altered  and  was  accom- 
panied by  oxidized  alteration  products.  Hofl&nan  gives  the  density  of 
a  piece  as  9*055.  Crystalline  form  was  lacking,  but  it  unquestionably 
belongs  to  the  crystallized  uraninites,  being  found,  like  most  if  not  all 
of  them,  in  coarse  granite  (pegmatite). 

No.  IV  represents  the  composition  of  a  specimen  from  Johanngeor- 
genstadt,  in  Saxony,  received  from  Mr.  A.  Losch,  of  St.*  Petersburg, 
through  Mr.  E.  A.  Schneider,  of  the  JJ.  S.  Geological  Survey.  Not- 
withstanding the  altered  and  crumbling  character  of  the  specimen  it  is 
proper  to  publish  the  analysis  since  the  only  one  previously  made  that 
has  come  under  my  observation,  by  PfaflF  in  1822,  is  very  incomplete. 
By  panning  a  very  fair  article  as  regards  visible  impurity  was  obtained. 
It  is  not  known  wherein  the  loss  is  to  be  sought.  Like  the  great  mass 
of  the  Bohemian  mineral  this  showed  no  evidence  of  ever  having  been 
crystallized,  and  as  in  that  also  rare  earths  are  absent,  and  also  nitro- 
gen, except  for  an  uncertain  trace. 

From  the  analyses  of  uraniuite  thus  far  made  it  appears  that  the 
species  may  be  broadly  divided  into  two  groups,  the  one  of  which  is 
characterized  by  the  presence  of  rare  earths,  the  other  by  their  absence. 
Witli  the  former  group  nitrogen  appears  to  be  invariably  associated, 
while  in  the  latter  it  is  present,  if  at  all,  only  in  minute  quantity.  Be- 
sides these  chemical  differences  there  is  one  of  Another  kind,  for  proba- 
bly all  varieties  of  the  first  group  occur  in  more  or  less  well  defined 
crjstal^,  wliile  the  members  of  the  second  group  are  generally,  if  not 
altogether,  massive  and  free  from  crystalline  form.  These  differences 
suggest  naturally  a  dissimilarity  of  origin  and  environment.  Bxam- 
ination  shows  that  the  manner  of  occurrence  and  the  association  of 
other  minerals  are  different  and  in  such  a  way  as  to  render  an  unlike 
immediate  origin  probable.  All  of  the  rare  earth  uraninites,  with  ex- 
ception of  the  zirconiferous  variety  from  Black  Hawk,  Colorado,  occur 
as  an  apparently  original  constituent  of  coarse  granites  (chiefly  j^eg- 
matitic),  while  the  others  are  evidently  of  secondary  formation,  as  evi- 
denced by  their  presence  in  metalliferous  veins  in  more  or  less  intimate 
association  with  numerous  sulphides  of  silver,  lead,  cobalt,  nickel,  iron, 
zinc,  copper,  etc.  The  Colorado  variety  occupies  an  anomalous  posi- 
tion as  regards  the  two  groups.    I  prefer  to  regard  it  provisionally  as 


'Annual  Koport  Can.  Geo!.  Surv.,  1886,  voL  2,  Report  T,  p.  10. 
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a  member  of  the  second  groap,  where  it5  mode  of  occurrence  and  want 
of  crystalline  form  as  well  as  small  percentage  of  nitrogen  seem  to 
place  it,  althougii  its  zirconia  and  traces  of  other  earths  would  admit  it 
to  the  first, 

Attention  is  called  to  the  above  points  merely  to  show  that  the 
chemical  and  physical  differences  of  the  two  groups  may  be  susceptible 
of  more  simple  explanation  than  would  appear  from  the  face  of  the 
analyses. 
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ON    THE    ISOMORPHISM    AND    COMPOSITION    OF   THORIUM    AND 
URANOUS  SULPHATES. 


By  W.  p.  Hillebband  and  W.  H.  Melville. 


L  CHEMICAL  DISCUSSION,  BY  W.  P.  HILLEBBAND. 

Daring  the  course  of  au  extended  investigation  on  uraninite  it  was 
often  necessary  to  decompose  the  mineral  in  sealed  tubes  with  sulphuric 
acid.^  At  first  a  deposit  was  generally  observed  on  removing  the  tabes 
from  the  oven,  the  character  of  which  depended  on  the  concentration 
of  the  acid  and  the  presence  or  absence  of  thoria  in  the  mineral.  In  the 
absence  of  this  earth  it  took  the  form  of  a  greenish  powder  with  a  strong 
acid,  and  of  bright  green,  brilliantly  reflecting  crystals  when  a  weak 
kcid  wa9  used,  unless  the  ratio  of  liquid  to  mineral  was  sufficiently  high 
in  the  latter  case  to  prevent  crystallization.  As  might  naturally  be 
supposed,  these  crystals  were  hydrated  uranous  sulphate.  The  best 
results  as  regards  size  of  crystals  were  obtained  ^^ith  an  st^i^  contain- 
ing one  part  of  sulphuric  acid  to  five  or  six  of  water,  by  volume.  With 
about  100  parts  by  weight  of  such  an  a<jid  to  one  of  UO2,  it  might 
pretty  confidently  be  expected  that  no  crystallization  would  take  place. 

In  presence  of  thoria  the  green  crystals  still  appeared,  but  they  then 
contained  thorium  as  well  as  uranium,  and  accompanying  them  was  a 
beautiful  white  coherent  spongy  mass  extending  the  length  of  the  tube 
and  consisting  of  a  network  of  microscopic  needles  grouped  in  radiating 
bunches.  This  was  likewise  a  double  sulphate  of  uranium  and  thorium, 
resembling  in  every  respect  the  deposit  formed  under  similar  condi- 
tions from  a  solution  of  thorium  sulphate  alone,  except  that  when 
washed,  dried,  and  compacted  together  there  was  a  faint  greenish  tinge 
to  it.  Ordinarily  the  two  forms  of  double  salt  appeared  together,  and 
it  even  seemed  as  if  under  favorable  conditions,  which  have  not  yet  been 
precisely  determined,  the  crop  of  green  crystals  might  be  increased  at  the 
expense  of  the  white  deposit.  At  least  on  one  occasion,  when  the  heating 
was  prolonged  for  several  days,  the  latter  gradually  disappeared,  while 
the  former  increased  in  size  and  number.  The  white  deposit  always  pre- 
ceded the  green  crystals,  and,  by  regulation  of  the  proportions  of  oxide 
and  of  acid  and  of  duration  of  heating,  it  is  possible  in  practice  to  ob- 
tain the  former  alone  if  desired. 

In  order  to  secure  material  for  exact  chemical  and  crystallographical 
determinc^tions  recourse  was  had  to  artificially  prepared  U3O8  and  ThOj, 
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by  usiiig  which,  either  alone  or  mixed,  in  varying  proportions,  different 
productB  were  obtained.  Neither  urauinite  nor  UO3  is  well  adapted 
for  this  purpose,  because  of  contamiiiation  of  the  crystals  by  sulphate 
of  lead  in  the  one  case  and  by  undissolved  UOs  in  the  other.  Even 
when  using  UsOg  care  must  be  taken  to  avoid  a  like  result  by  fine  pulveri- 
zation and  avoidance  of  excess  of  oxide  compared  with  acid.  So  litUe 
soluble  are  the  green  crystals  that  over  50  per  cent  of  the  UO2  in  urau- 
inite or  TJsOg  can  generally  be  obtained  as  sulphate.  Hence  it  follows 
that  when  IJO2  is  to  be  estimated  volumetrically  care  must  be  taken  to 
use  sufficient  dilute  acid  to  render  impossible  the  formation  of  these 
crystals.  The  white  spongy  deposit  is  not  a  hindrance  to  exact  esti- 
mation of  UOs  by  potassium  permanganate,  for  it  dissolves  readily  in 
cold  water,  though  with  extreme  slowness  when  once  it  has  been  com- 
pressed. 

The  green  crystals  were  separated  from  their  mother  liquor  in  a 
Gooch  crucible,  without  asbestus  felt,  with  the  aid  of  suction ;  they 'were 
at  once  washed  with  hot  dilute  sulphuric  acid,  then  with  sdcohoL  and 
finally  with  ether.  They  were  allowed  to  dry  thoroughly  in  the  air 
and  were  analyzed  in  that  condition.  It  was  found  by  experiment  that 
alcohol  was  practically  without  solvent  action  on  the  sulphates  and 
that  none  of  the  water  of  crystallization  was  removed  by  it.  If  both 
forms  of  dex)osition  occurred  at  one  time  the  spongy  one  was  first  re- 
moved with  great  ease  by  two  or  three  rapid  washings  with  cold  water, 
the  network  of  fine  needles  being  partly  dissolved  and  partly  carried 
through  the  holes  in  the  crucible  by  t^e  powerful  suction,  after  which 
alcohol  and  ether  were  used  as  before.  The  results  of  analyses  were  as 
follows: 


uo,. 

ThO, 
SOt.  . 
H,0  . 


Analy«i8.  i^^  ratio. 


40-18 

3-5» 

32*08 

1418 


100 

206 
404 


II. 


Analysis.   Moj^jo.. 


48-40 

5-58 

31-27 

14.84 


10009 


100 

100 
4-^3 


A  sample  of  urauinite  decomposed  by  dilute  sulphuric  acid  in  a  tube 
at  about  170o  C.  furnished  the  product  whose  analysis  is  given  under  L 
An  earlier  and  very  similar  analysis  of  another  preparation  may  be 
found  on  p.  50  of  the  bulletin  already  cited.  The  loss  is  mainly  if  not 
altogether  undetermined  PbO  from  included  PbS04,  which  accounts 
in  part  for  the  excess  of  SO3  found.  For  No.  11  U3O8  and  Th02  were 
taken  in  such  proportion  that  there  should  be  about  six  times  as  much 
UOs  as  of  ThOs.  Inasmuch  as  only  0*1622  gramme  was  available  for 
SO3  and  H«0  determinations  in  this  analysis  the  ratio  is  not  bad.    One 
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or  two  attempts  to  obtain  a  product  with  more  ThO^  and  less  UO^,  by 
starting  with  corresi)ondingly  different  proportions  of  ThOg  and  UsOs, 
were  unsuccessfiil,  perhaps  because  of  the  tendency  of  the  thorium  sul- 
phate to  separate  at  once  in  the  sjwngy  state  and  thus  to  reduce  the 
amount  available  for  slow  crystallization  with  the  uranium.  The  specific 
gravity  of  No.  ir  was  kindly  determined  by  Mr.  L.  G.  Eakins  in  alcohol 
of  -7956  density.  It  was  found  to  be  4-5G3  at  24-3°  C,  which  reduced 
to  water  at  the  same  temperature  as  standard  becomes  3'63.  The  ma- 
terial examined  contained  1*04  per  cent  of  undissolved  UaOg  which  does 
not  appear  in  the  s^nalysis,  and'  allowing  for  this  a  density  of  7*3  (Clarke's 
tables)  that  of  the  double  sulphate  having  the  given  comx>osition  is  3-61 
at24-3oC. 

The  uranium  sulphate,  of  which  the  analysis  is  here  given,  was  ob- 
tained by  decomposing  UsOs  with  dilute  sulphuric  acid  in  the  manner 
already  mentioned.    Its  density  was  not  ascertained. 


III. 


An..y.lHj  «<iX''' 

tJO, 

53-00 
81-94 
1413 

100 
2-00 
3-94 

BO. 

H,0    

100-06 

It  appears,  as  was  to  be  expected,  that  thorium  is  capable  of  replac- 
ing uranium  in  the  sulphate  of  the  latter,  which  holds  in  combination 
four  molecules  of  water.  That  this  is  a  true  case  of  isomorphism  is 
most  fully  shown  by  Mr.  W.  H.  Mehille  in  the  crystallographical  part 
of  this  paper,  although  the  habit  of  the  uranium  sulphate  differs  from 
that  of  the  double  salt. 

While,  as  above  stated,  failure  resulted  from  attempts  to  lower  the 
ratio  between  ThO^  and  UOg  in  the  green  double  salt,  it  was  found  that 
the  spongy  mass,  which  almost  always  formed  in  the  tubes  when  thorif- 
erous  uraninite  was  decomposed  with  dilute  sulphuric  acid,  contained  a 
very  much  higher  proportion  of  ThOa,  and  that  by  taking  the  dioxides 
in  varying  proportions  double  salts  of  correspondingly  different  comx>o- 
sition  could  be  readily  obtained,  as  shown  by  the  following  analyses: 


uo, 

ThO, 

so, 

H,0  (diff.) 


] 

• 

U. 

Analysid. 

Molecu- 
lar ratio. 

1       100 

1-95 
3-95 

Anal}-8ifl. 

Molecu- 
lar nolo. 

34-34 
19-84 
31-48 
14-34 

r     16-92 

i      3007 

32-66 

14-35 

^       100 

2-05 
4-01 

10000 

100-00 
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Both  salts  were  obtained  from  a  mixture  of  \J3O9  and  ThOa.  In  case 
of  No.  II  the  proportion  was  such  that  the  UO%  of  the  UsOg  was  to  the 
ThOs  as  2  to  1.  It  happened  that  the  tube  containing  this  preparation 
lay  unopened  for  several  weeks  after  removal  from  the  oven,  but  during 
this  time  there  had  been  no  perceptible  resolution  of  the  precipitate, 
which  on  agitation  made  a  thick  emulsion  with  the  acid.  Both  prod- 
ucts were  thrown  on  a  Gooch  crucible  without  asbestus  felt,  quickly 
washed  twiee  or  thrice  with  hot  dilute  sulphuric  acid  and  then  with 
alcohol  and  ether,  whereuxwn  they  were  allowed  to  dry  thoroughly  in 
the  air. 

There  is  no  reason  to  doubt  the  isomorphism  of  this  salt  with  that 
formed  under  similar  conditions  from  thorium  alone,  but  whether  these 
are  crystallographically  referable  to  the  green  crystals  before  described 
or  form  a  new  case  of  dimorphism  must  remain  undetermined  until  the 
crystallographic  features  of  the  former  are  known.  In  polarized  light 
the  needles  of  the  double  salt  extinguish  apparently  parallel  to  their 
length. 

Such  contradictory  statements  appear  in  the  literature  of  the  subject 
regarding  the  oomi>osition  of  thorium  sulphate  separated  from  hot  acid 
solutions,  some  authorities  claiming  four  and  a  half  molecules  of  water 
of  crystallization  and  others  only  four,  that  it  is  very  satisfactory  to  have 
evidence  like  that  furnished  by  the  above  analyses  to  throw  light  upon 
the  question.  The  tendency  of  late  years  has  been  to  admit  a  mutual 
replaceability  of  Th02  and  UO2  in  chemical  compounds,  though  no  direct 
proof  seems  to  have  been  heretofore  established,^  and  it  was  therefore 
reasonable  to  suppose  that  the  composition  of  the  thorium  sulphate  in 
question  should  corre8iX)nd  with  that  of  the  well  known  uranous  sulphate 
with  four  molecules  of  water.  In  the  light  of  the  above  analyses  there 
is  no  room  to  doubt  the  complete  isomorphism  of  the  two  sulphates,  and 
that  Demarcay^  and  Eoozeboom^  were  right  in  accepting  the  formula 
ThO*  (80i)2,  4H2O,  derivable  from  the  more  or  less  incomplete  analyses 
of  Berzelius,  Berlin,  and  Chydenius,  in  preference  to  Th04(S02)2, 4JHjO, 
afforded  by  the  more  numerous  ones  of  Delafontaine.^ 

In  iK)Ssible  explanation  of  Delafontaine's  high  results  for  water  Kooze- 
boom  (op.  cit.,  p.  202)  very  justly  remarks  that  because  of  its  physical 
character  the  salt  retains  much  mother  liquor,  and  that  if  this  be  not 

■Since  this  wan  written  a  x^^per  by  Raiiiraelsborg,  in  the  Sitssb.  k.  prenss.  Akad.  Wins.,  vol  xxxiv, 
1886,  which  I  bad  overlooked,  has  been  brought  to  my  attention.  In  it  he  shows  that  the  uranoiis 
Bulphate,  fbnnerly  supposed  to  contain  eight  molecules  of  water  of  crystallization,  containH  in  reality 
nine,  and  that  this  salt  is  isomorphous  with  the  corresponding  thorium  sulphate. 

sComptea  Kend.,  1883,  vt>l.  96,  p.  1860. 

*  Zeit.  phys.  Chem..  1890,  vol.  5,  p.  198. 

*  Ann.  Chem.,  vol.  131 ,  p.  100.  The  statement  b^'  Kraut,  near  the  foot  of  page  687  of  Gmelin-Kraut's 
Inorganic  Chemistry,  vol.  Il,  part  l,  is  manifestly  unwarranted.  He  considers  the  evidence  in  favor 
of  the  four-molecule  H^O  salt  as  insufficient  and  thinks  the  analyses  affording  this  formula  were  made 
upon  mixtures  which  might  have  resulted  through  absorption  of  water  by  the  three-molecule  H,0 
•alt.  It  is  strange  that  individuality  should  have  been  accorded  to  this  latter  salt  by  Chydenius  and 
Cleve,  which  the  former  obtained  by  drying  over  sulphuric  at^id,  after  washing  with  hot  water,  the 
precipitate  formed  by  boiling  a  weakly  acid  solution  of  the  sulphates.  Koozeboom  is  certainly  corroct 
in  ozcluding  this  three-molecule  HfO  salt  firom  the  list  of  thorium  sulphates.  /^^  j 
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removed  at  a  temperature  above  45°  C.  the^nme-molecule  HjO  salt  is 
formed  fipom  it  on  cooling,  so  that  it  is  almost  impossible  not  to  find  too 
macli  water.  Notwithstanding  numerous  attempts  to  prepare  the  salt 
ThOi^SOs)},  4n20  from  hot  acid  solutions  as  well  as  from  warm  neutral 
ones,  I  have  never  myself  succeeded  in  reducing  the  water  to  four  mole- 
cules, even  though  the  mass  of  needles  was  rapidly  washed  with  hot 
dilute  sulphuric  acid  and  then  with  alcohol  and  ether,  after  freeing  from 
mother  liquor  by  powerful  suction  on  a  Gooch  crucible  without  asbestus 
felt,  but  my  faith  in  the  correctness  of  the  formula  with  4H2O  is  not 
hereby  shaken.  A  further  possible  cause  of  high  results  will  appear 
from  the  following:  The  air-dried  salt  is  said  by  Delafontaine  to  be 
thoroughly  nonhygroscopic,  and  for  a  given  temperature  and  hygro- 
metric  condition  of  the  atmosphere  it  is  true  that  no  change  in  weight 
does  occur;  but  if  the  salt  is  weighed  from  day  to  day,  or  even  twice  a 
day,  a  very  marked  gain  or  l^ss  of  weight  is  observed,  depending  in  de- 
gree on  the  amount  of  change  in  the  atmospheric  conditions.  In  Au- 
gust and  September,  when  hygrometric  and  thermometric  readings 
were  often  high  and  marked  and  rapid  changes  were  not  infrequent, 
this  gain  or  loss  sometimes  amounted  within  twenty-four  hours  to  over 
half  of  1  per  cent  of  the  total  weight  of  the  salt,  and  the  extreme  change 
during  those  months  reached  1*22  per  cent.  It  is  therefore  patent  that 
the  formula  afforded  by  analysis  may  materially  depend  on  whether 
the  salt  analyzed  was  weighed  when  the  weather  was  hot  and  moist  or 
cold  and  dry. 

It  may  not  be  out  of  place  here  to  call  attention  to  a  possible  cause 
of  the  frequent  discrepancies  noticed  in  the  statements  of  different 
writers  in  regard  to  the  amounts  of  water  given  off  by  different  sub- 
stances when  placed  over  sulphuric  acid  in  a  desiccator.  No  one  would 
deny  that  sulphuric  acid  of  maximum  concentration  is  superior  as  a 
drying  agent  to  the  same  acid  somewhat,  if  only  slightly,  diluted ;  but 
it  is  probably  not  known  to  everyone  how  much  may  depend  on  the 
strength  of  the  acid  used.  A  case  in  point  is  the  following :  A  thorium 
sulphate  containing  air-dried,  15*22  per  cent  HjO,  or  4'23  molecules, 
lost  weight  over  concentrated  sulphuric  acid  in  a  tightly  closed  desic- 
cator as  shown  in  column  i,  and  a«  in  column  11  over  acid  which  had 
been  in  use  in  another  desiccator  for  a  considerable  length  of  time  and 
was  subsequently  found  to  have  a  density  of  1*66.  The  cases  are  not 
rigidly  comparable,  perhaps,  because  of  the  different  times  devoted  to 
the  experiments,  which  were  not  carried  on  simultaneously,  but  they 
serve  to  illustrate  the  x>oint. 
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I.-Acid  of  1-84  up. 

,  ri.— AcidoflWHp. 
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This  may  be  considered  an  extreuie  case,  but  it  shows  plainly  the 
importance  of  using  fresh  acid  of  full  strength  whenever  experiments 
of  this  kind  are  to  be  ma4e  in  order  that  resulta  may  be  properly  com- 
I>arable. 

Similarly  It  is  improbable  that  a  highly  hydrated  substance  which 
loses  much  of  its  water  at  100^  G.  would  show  as  great  a  loss  when 
dried  in  an  ordinary  air  bath  as  in  a  current  of  dry  air  of  that  temper- 
ature. 

Another  point  to  be  considered  when  it  is  desired  to  find  the  maxi- 
mum amount  of  water  that  can  be  removed  by  any  drying  agent  in  a 
desiccator  (which  of  course  as  a  method  is  in  general  inferior  to  that  in 
which  a  continuous  current  of  dry  air  or  other  gas  is  passed  over  the 
substance)  is  that  if  many  days  are  required  for  its  removal — in  other 
words  if  the  substance  is  slow  to  part  with  its  moisture — the  later 
weighings  should  not  be  made  from  day  to  day  but  at  ever-increasing 
intervals,  otherwise  a  prematurely  constant  weight  or  even  an  increase 
may  be  observed.  This  is  due  to  the  fact  that  whenever  the  desiccator 
is  opened,  which  must  be  twice  for  each  weighing,  it,  at  least  in  the 
upper  part,  becomes  filled  with  moist  air,  and  the  substance  itself  may 
absorb  some  moisture  before  it  can  be  returned  to  the  desiccator^  one 
or  more  days  may  then  be  required  to  restore  the  condition  of  equilib- 
rium which  obtained  between  the  vapor  tensions  of  water  in  the  salt 
and  in  the  air  of  the  desiccator  prior  to  opening  the  latter.  Especially 
if  the  acid  has  become  somewhat  weakened  is  it  possible  for  an 
increase  to  take  place. 

OriginiJity  is  not  claimed  for  thQ  above  observations  on  methods  of 
drying,  but  it  seems  as  if  attenticm  could  not  be  too  strongly  or  too 
frequently  drawn  to  the  points  mentioned,  which  there  is  reason  to  fear 
aore  not  always  observed. 


ir.   CRYSTAXLOGRAPHIO    DISCUSSION,   BY  W.  H.  MELVILLE. 

The  green  crystals  of  sulphate  of  uranium  and  of  the  double  sulphate 
of  uranium  and  thorium  described  by  Mr.  Ilillebrand  are  iaomorphous 
and  their  crystallographic  elements  are  almost  identical.  The  angles 
between  corresponding  faces  of  the  two  salts  differ  by  less  than  one 
degree,  while  their  a^^ial  ratios  are  the  same  up  to  the  second  decimal 
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place.    Indeed  the  axes  i)lotted  for  the  drawing  of  the  crystals  of  oiie 
salt  served  for  the  drawing  of  those  of  the  other. 

The  two  sulphates  crystallize  in  the  prispaatic  (orthorhombic)  system. 
The  habits  of  the  two  sets  of  crystals  are  quite  unlike,  and  by  simple 
inspection  no  analogy  would  seem  to  exist  between  them,  since  those 
of  the  double  sulphate  of  uranium  and  thorium  have  all  the  appear- 
ance of  the  pyramidal  (tetra^nal)  combination  of  forms. 


Fig.  1.— Crystalline  form  of  nnmioin  8ulph*te. 

On  the  goniometer  the  simple  sulphate  of  uranium  presented  the 
most  perfect  faces,  so  that  very  accurate  measurements  were  obtained. 
On  the  other  hand  the  similar  angles  of  the  double  sulphate  showed 
great  variations  in  the  readings,  often  amounting  to  a  diflference  of  40' 
from  the  mean  value.  The  difficulty  of  preserving  in  artificial  crystals 
the  same  brilliancy  of  faces  after  drying  which  they  possess  in  the 
mother  liquor  accounts  for  the  broad  bands  of  these  reflect  signals. 
However,  after  its  system  of  crystallization  was  identified,  the  mean  of 
the  most  perfect  and  reliable  measurements  was  taken. 

The  crystals  of  the  double  sulphate  of  uranium  and  thorium  were 
often  twinned,  the  twinning  plane  being  parallel  to  (100).*  Also  indi- 
viduals occurred  on  the  faces  (102)  and  (102)  which  were  composed  of 
the  face  (110)  in  combination  with  minute  planes  ofXhe  forms  (111)  and 
(012). 


Fig.  2.— Crystalline  form  of  uranium-thorium  atilpbate. 


The  forms  observed  on  the  crystals  of  both  salts  were  the  same,  but 
unequally  developed,  as  the  accompanying  figures  illustrate,  in  which 

*  Since  the  original  publication  in  the  Am.  Chem.  Jour.,  vol.  ziv,  p.  1,  of  the  results  of  the  study  of 
the  double  Rulphato  it  ban  been  fountl  that  the  twinning  is  of  the  nature  of  interpenetoationi  and  that 
the  composition  plane  is  parallel  to  (001)  on  those  crystals  in  my  possession. 
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the  degree  of  development  in  the  originalH  has  been  preserved.    Forms: 
'  (001),  (010)  always  a  very  narrow  plane  which  doen  not  appear  in  the 
drawings,  (110),  (111),  (102),  (012).    Measurements: 


(1)  Uniniuni  aiilphiiie. 


OOlAlU 
001 A 102 
001 A 012 
UlAlll 
111 A 110 
UOaUO 
102a1(S 
Axial  ratio:  &:b:6 


Meaauivtl. 

o 

, 

„ 

70 

57 

00 

52 

13 

00 

33 

40 

00 

51 

09 

00 

19 

OB 

30 

54 

23 

00 

75 

34 

00 

Calculator. 


70  56  30 
52  10  07 
33  28  14 

I  fiiiidam«utal 

54  21  00 
75    39    46 


=  1: 1-9478 :2'5755 


(2)  Double  sulphate  of  ura- 
ntam  and  thorium. 


001 A 102 
001 a 012 
111  A  111 
111 A 110 
110  Alio 
102A10S 

Axial  ratio :  ft :  b :  *  ::=  1 : 1  -9194 : 2-5563 


Measured. 

o 

/ 

51 

57 

33 

25 

51 

46 

19 

08 

55 

14 

76 

06 

Calculated. 


51    57    37 
33    39    38 

>  fundamental 

55    02    24 
76    04    46 


Bull.  90- 
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POWELLITE— CALCIUM  MOLYBDATE  :  A  NEW  MINERAL  SPECIS8. 


By  W.  H.  Melville. 


Attention  has  been  recently  called  in  mining  Journals  to  a  locality 
in  the  western  part  of  Idaho  known  as  the  "  Seven  Devils''  where 
mining  operations  for  some  time  past  have  been  actively  conducted* 
"  The  '  Seven  Devils,'  about  90  miles  due  north  of  Huntington  and 
15  miles  east  of  Snake  river,  form  a  high,  broken  chain  of  mountains 
nearly  9,000  feet  above  the  sea  level.  The  mineral  zone  ia  about  1 
mile  wide  by  4  miles  in  length."*  The  ore  is  worked  for  copper  and 
silver,  and  is  mainly  the  mineral  bornite,  a  sulphide  of  copper  and 
iron.  "The  formation  on  the  west  of  the  vein  of  ore  is  syenite  and 
quartzite,  while  on  the  east  wall  is  a  soft  white  granite.  A  short  dis- 
tance to  the  east  is  a  lime  contact  which  extends  south  for  some  four 
miles,  and  forms  a  contact  with  granite.  Along  this  contact  some  very 
good  chimneys  of  ore  have  been  discovered." 

This  bornite  carries  silver  varying  in  quantity  from  12  to  20  ounces 
to  the  ton.  In  one  sample  of  very  pure  bornite  Mr.  E.  L.  Packard 
found  by  assay  14  ounces  of  silver  to  the  ton.  A  sample  from  which  I 
had  separated  for  the  most  part  the  other  mineral  constituents  gave 
me  15'66  ounces  of  silver  to  the  ton.  It  was  this  latter  fragment  of 
bornite,  weighing  about  60  grammes,  which  Mr.  Packard  picked  up 
from  a  dump  before  one  of  the  tunnels  in  the  mining  claim  called  Pea- 
cock and  which  through  this  gentleman's  kindness  furnished  the  ma- 
terial for  this  paper.  The  specimen  had  evidently  been  exposed  to 
weathering  processes  and  had  become  friable  to  such  an  extent  that 
between  the  fingers  it  could  be  crushed  by  slight  pressure. 

There  were  two  associated  minerals,  one  of  which  was  identified  by 
the  following  partial  analysis  as  a  lime  alumina  iron  garnet.  It  was 
light  brown,  but  not  crystallized.    It  fiised  easily  to  a  black  glass. 

Percent. 

Loss  on  ignition 0*06 

SiOi 88-67 

AI2O3 1008 

Fe^Oa 16-00 

FeO 0-91 

CaO ■ 33-35 

MgO 0-77 

CuO trace 


34 


99-84 

I  Quotations  from  En^nnoorini;  and  Minings  Journal,  Nov.  22,  1880. 
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Crystallized  dark  browu  garnet  is  found  in  considerable  abundance 
throughout  this  locality.  The  crystals  exhibit  the  usual  combination 
of  rhombic  dodecahedron  and  tetragonal  trisoctahedron. 

That  which  proved  to  be  the  most  important  constituent  of  the  speci- 
men, about  1-5  grammes,  somewhat  resembled  scheelite  at  first  sight,  but 
a  careful  study  of  its  characters  excluded  that  mineral  species  from  con- 
sideration. The  strong  reactions  for  molybdenum  suggested  a  new 
species.  The  mineral  was  well  crystallized,  and  easily  detached  in 
almost  absolutely  pure  condition  from  its  friable  ma- 
trix. Angular  measurements  were  obtained  on  a 
number  of  crystals,  from  which  the  crystallographic 
elements  were  calculated.  The  fundamental  angle 
(111)  A  (111)  was  chosen  because  of  its  great  accuracy, 
the  signals  on  the  goniometer  being  perfectly  reflected 
from  these  plaiie«.  Other  angles  were  read  oftentimes 
between  reflected  signal  and  reflected  light^  and  again 
between  merely  reflected  light  from  the  crystal  faces. 
The  best  crystals  were  about  0*04  (1"")  long,  and 
others  attained  the  maximum  length  of  0*10  inch.  It  was  found  that 
the  crystals  belonged  to  the  pyramidal  (tetragonal)  system  of  crystal- 
lization, and  were  closely  allied  in  habit  and  development  to  scheelite. 
In  the  following  table  of  measurement  this  analogy  is  shown. 


Fig.  3.~Cr78UUine 
form  of  poweHlte. 


a  :e 

PoweDlte. 
1:1M45 

Scheelite,* 

Between  normals. 

1  Observed.  |  Calcalated. 

lllAUl 
111  A  001 
111  A  111 
lOlAlOT 
101 A  111 

1         o        .         !            0        , 

49    12        fundamentol. 
65.  24               65    24 
79    56}            80      1 
j      65    55      ,        65    51 

40      11    1        40      1 

o      / 
49    27 

65  16 
79    56 

66  6 
39    58 

*  I)«na*(i  Sjstem  of  Mineralogy,  1883,  p.  605. 

From  this  comparison  of  angles  and  axial  ratio  it  is  evident  that 
sliarp  and  accurate  observations  must  be  obtained  in  order  to  distin- 
gnish  by  crystallographic  means  alone  between  these  two  sx>ecies. 
MaJiy  crystals  were  examined  and  many  trials  were  necessary  before 
any  difference  in  these  angles  from  those  of  scheelite  could  be  made  out. 

The  following  forms  were  observed: 


(001)  oc  a  :  «  a 

c 

(111)      a :      a 

0 

(101)      a:  a: a 

c 

(110)      a  :      a 

:  eco 

Small  rudimentary  planes  appear  on  some  crystals  at  the  lower  por- 
tion of  the  combination  edges  (111)  (101),  thus  suggesting  hemihedrism 
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as  in  scheelite.  Indeed,  the  curv'ed  surface  which  often  replaces  these 
edges,  giving  the  appearance  of  fused  edges,  adds  greatly  to  the  evi- 
dence in  favor  of  this  supposition. 

No  cleavage  planes  could  bedevelopetl  by  mechanical  means,  yet 
occasionally  fragments  exhibited  interrupted  planes  similar  to  cleavage 
surfaces.  Hardness  less  than  scheelite,  about  3*5.  Sp.  gr.  4«52(>,  mean 
of  two  determinations.  Oolor  yellow  with  a  decided  green  tinge.  Lus- 
ter resinous.  Crystals  semitransparent.  Brittle.  The  blowpipe  char- 
acters are  those  ordinarily  given  under  molybdates  and  tungstates, 
although  the  reactions  of  molybdenum  in  this  case  obscure  those  of 
tungsten  associated  with  it.  The  mineral  fuses  at  about  5  to  a  gray 
mass.    Decomposed  by  nitric  and  hydrochloric  acids. 

With  powellite  was  associated  an  olive-green  substance  which  with- 
out doubt  resulted  from  the  decomposition  of  calcium  molybdate,  per- 
haps by  water  holding  carbonic  acid  in  solution,  whereby  molybdic 
ocher  was  fonned. 

The  following  analysis  shows  the  unusual  replacement  of  a  part  of  the 
molybdic  acid  by  tungstic  acid.  Bose's  method  of  separating  these  acids 
was  adopted,  and  abundant  tests  proved  the  purity  of  the  respective 
products  of  separation.  Molybdenum  trisulphide  was  collected  by 
reverse  filtration  and  aliquot  portions  were  taken  for  reduction.  The 
molybdenum  was  weighed  first  as  disulphide,  and  this  weight  was 
checked  by  reduction  to  metal  in  hydrogen  gas  by  strong  and  long  con- 
tinued ignition.  Mercurous  tungstate  was  precipitated,  then  ignited, 
and  tungstic  acid  was  finally  weighed. 


AnayUxB  of  powellite. 


MoOg 
WO>. 
SiO,. 
CaO.. 
MgO. 
Fe,0, 
Al,0, 
CaO. 
S.... 


Per  cent. 

CaO  required. 

58-58 

22-79 

10-28 

3-25 

25-55 

2-48 

25  28 

0-16 

1-65 

trace 

trace 

nndet. 

' 

99-47 

Calcium  molybdate  has  never  before  been  observed  in  nature,  and 
although  the  mineral  under  discussion  contains  some  calcium  tung- 
state— ^according  to  analysis  a  little  less  than  one  molecule  to  eight 
molecules  of  calcium  molybdate — ^yet  the  molybdate  is  now  established 
as  a  si)ecies.  It  fills  a  gap  heretofore  existing  in  the  series  of  isomer- 
phous  minerals  of  which  scheelite  is  the  type.  If  the  natural  molyb- 
date and  tungstate  of  lime  have  the  same  molecular  volume  as  is  most 
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probable,  then  the  sp.  gr.  of  pure  CaMo04  should  be  200  4-  46-9=4*267 
if  the  molecular  volume,  288  4-'  6-14  =  46'9,  is  true  for  scheelite.  By 
means  of  the  equation  for  the  determination  of  the  sp.  gr.  of  one  con- 
stituent of  a  mixture  containing  two  substances  of  which  one  is  known, 
the  sp.  gr.  of  CaMoOi  is  4'3465  assuming  the  sp.  gr.  of  0aWO4  to  be 
644  and  that  of  the  mixture  4*526  (sp.  gr.  of  powellite).  This  close 
agreement  in  these  two  calculations  of  the  sp.  gr.  of  GaMoOf  is  an  inter- 
esting and  important  confirmation  of  the  chemical  and  physical  data 
which  are  given  above. 

When  this  investigation  was  nearly  completed  my  attention  was 
called  to  a  recent  paper  by  H.  Traube,'  in  which  was  discussed  the  in- 
fluence of  certain  varying  quantities  of  molybdic  acid  in  scheelite  upon 
the  physical  constants,  namely,  sp.  gr.  and  axial  ratio.  The  following 
scheme  is  interesting  in  that  it  illustrates  those  variations  which  differ- 
ent proportions  of  isomorphous  mixtures  of  CaW04  and  GaMo04  pro- 
duce. Ko  mathematical  law  seems  to  exist  which  will  express  these 
transitions. 


• 

CaMo<)4. 

Powellite. 

58-58 

4-526 
*1  : 1-5445 

Scheelite. 

C«W04. 

Soathwent 
Africa. 

Ziniiwalil. 

1          2 

%MoOi 

72 

4-267 
1:1-5458 

r           809 

{           7-6.^ 

5-»6 

1        8-23    1-92 

6-88    6-06 
1  :  15340 

0 

6-14 
1  : 1-5315 

Sd.  er 

a:e 

"  mortdabi,  Zeitach.  KryHt.  a.  Miu.,  1887,  vol.  12,  p.  413. 

I  take  pleasure  in  naming  this  new  mineral  species  in  honor  of  Msy. 
J.  W.  Powell,  Director  of  the  United  States  Geological  Survey. 

>  Keues  Jahrbttoh.,  1880,  Beil.  IM.  7,  Heft  2. 


Digitized  by  VjOOQIC 


MINERALOGICAL  NOTES. 


By  W.  H.  Melvillb. 


NATBOLITE  FROM  MAGNET  COVE,  ABKANSA8. 

• 

The  specimen  of  natrolite  here  described,  from  Mag^net  Gove,  Arkan- 
sas, is  associated  with  feldspar,  while  in  the  mass  of  the  natrolite  occur 
crystals  of  aegirite.  From  certain  cavities  crystals  were  selected  which 
were  adapted  for  measurements.  The  crystals  were  ofben  aidcular; 
others  were  stouter  and  terminated  with  brilliant  planes.  The  general 
mass  was  compact  and  exhibited  broad  and  perfect  cleavage  planes. 
The  fusibility  appeared  somewhat  higher  than  ordinarily  given  for 
natrolite,  but  thin  splinters  fused  to  a  colorless  bead.  The  sp.  gr.  2*261 
was  determined. 

The  long  terminated  prisms  proved  to  be  trimetric  and  were  built 
up  of  the  forms  (010),  (100),  (110),  (111). 

The  following  angles  were  read : 


(IIO)A(IIO) 

88  51 

>89 

(OlO)A(llO) 

«44  16 

45  30 

(iii)A(Ui) 

36  56 

36  40 

(HI)  A  (Hi) 

37  23i 

37  20 

(iio)A(in) 

63  18 

63  20 

The  angle  (110)  a(1T0)=S8o  5r  was  best  obtained  from  cleavage 
planes  which  were  found  on  the  crystal,  but  the  mean  of  all  readings 
on  the  corresi)onding  crystal  planes  gave  88^  44'. 

Analysis. 


H,Ofttl00oC 

H,Oat250oC 

H,0  at  30<K>-350o  C. 
HsO  over  gas  lamp. 

H,OoTerblaAt 

SlOf 

Al.0, 


Per  cent. 


007 
019 
3-42 
5-96 
0-00 
47-56 
2C-82 


FeO.. 
CoO.. 
MgO. 
Na,0. 


Total. 


Perofint. 


0-ao 

0*13 
0-00 
lS-40 


90-83 


38 


>  The  second  column  of  an^lea  waa  taken  fVom  Dana'H  Mineralogy. 
*  Approximate. 
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TOTJBMALINE  FROM  NEVADA  COUNTY,  CALIFORNIA. 

An  ancommon  form  of  tonrmaline  occnrs  in  some  localities  of  Nevada 
connty^  Gal.  It  is  radiated  and  is  composed  of  separable  needles 
which  show  all  the  phenomena  of  hexagonal  crystals  under  i>olarized 
light.  The  needles  appear  to  cleave  at  right  angles  to  their  longer 
direction,  or  at  all  events  the  cross  fracture  has  all  the  appearance  of 
cleavage.  A  mass  of  these  needles  possess  a  dark  brown  color  and 
silky  luster,  but  singly  they  are  transparent  and  almost  colorless  by 
transmitted  light.  The  mineral  fuses  very  easily  to  a  light  brown 
glass  which  is  nonmagnetic.  The  specific  gravity  was  found  to  be 
3-065. 

In  the  following  analysis  theboracic  acid  is  determined  by  difference, 
although  it  was  found,  according  to  Marignac's  method,  to  be  much 
less  than  appears  in  the  summary.  The  state  of  the  iron  was  not  de- 
termined. The  analysis  is  therefore  incomplete.  Indeed  all  work  upon 
the  mineral  ceased  after  identification. 


Jnalysis. 


LoflsatlOOoC... 
Loss  orer  lamp . . . 
LoM  over  blast . . . 

SiOt 

Al,6, 

Fe,0,...,. 

CaO 

MgO 

K^ 

Na,0.... 

F 

BxO,  by  difference 

LesaO 


Per  cent. 


002 

304 

0-47 
36-40 
33-64 

313 

1-61 
1001 

012 

2-48 

0-74 

8-74   direct.    6-52 


100*31 
•31 


9807 
•31 


10000 


97-76 


The  material  analyzed  was  collected  about  two  miles  northwest  of 
Colfax. 

SPESSARTITE  GARNET  FROM  LLANO  COUNTY,  TEXAS. 

The  following  analysis  of  a  yellow-colored  mineral  from  Llano  county, 
Texas,  gave  very  closely  the  composition  of  8i)e8bartite  garnet.  It  ap- 
pears that  the  iron  is  in  part  replaced  by  calcium  and  magnesium,  and 
hence  it  is  very  probable  that  the  iron  in  this  mineral  exists  in  the  pro- 
toxide state,  although  it  could  not  be  separately  determined  owing  to 
the  admixture  of  a  little  black  oxide  of  mauganese.  The  mineral  was 
massive  and  was  associated  with  quartz,  a  little  magnetite,  and  black 
oxide  of  manganese.    The  silica  was  separated  before  ^^^y^P\QQle 
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Analyns. 


(BUUUML 


Percent,  II 


LoesatlOOoC '  003 

LoM  on  ignition |  0*36 

SiO, I  35-93 

P^j none. 


TiO,... 
Fe,0,*. 


trace. 
18-08 
4-80 


MnO... 
CaO... 
BaO... 
MgO... 
Alkalis 


Percent. 


31-77 
8-48 
trace. 
0-60 
0-17 


10011 


*FeO  corresponding =4-39. 
BISMUTHINITE  FROM  SINALOA,  MEXICO. 

A  large  deposit  of  bismuthinite  occurs  in  the  Kosario  mining  district, 
in  the  state  of  Sinaloa,  Mexico,  and  it  has  been  recently  opened  for  the 
production  of  bismuth  as  well  as  for  the  recovery  of  silver  and  gold 
which  the  ore  carries.  An  assay  of  carefully  selected  material  was 
made,  showing  the  contents  of  sUver  and  gold  to  be  6o-5  ounces  and 
0*25  ounce  to  the  ton.  This  sulphide  of  bisumuth  is  associated  with 
considerable  chalcopyrite  and  quartz  and  occurs  in  large  brilliant 
blades  with  the  broad  cleavage  so  characteristic  of  bismuthinite.  Its 
8i)ecific  gravity  is  6'624. 

Analysis. 


Bi 

Pi) 

Per  cent. 

7200 
603 
l-«7 
0-35 

18-11 
0-63 

S.  re- 
quired. 

16-82 
0-93 
0-84 
0-20 

Cu 

Fe 

s 

Qnarts 

99-60 

18-79 

The  sulphur  comes  out  too  low  in  the  analysis  because  it  was  deter- 
mined in  the  filtrate  from  the  carbonates  precipitated  by  potassium 
carbonate,  which  does  not  wholly  decompose  bismuth  sulphate. 
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NEW  ANALYSES  OF  ASTROPHYLLITE  AND  TSCHEPFKINITB. 


By  L.  G.  Eakins. 


I.   ASTBOPHYLLITB. 

Near  the  noted  cryolite  locality  at  St.  Peters  dome,  in  the  Pike  Peak's 
region  of  Colorado,  there  was  found  some  years  ago  an  unusually  fine 
lot  of  astrophyllite,  and  in  such  a  pure  condition  that  it  was  thought 
a  new  analysis  would  be  not  without  interest,  notwithstanding  the  fact 
that  material  from  the  same  region  had  already  been  analyzed  by  Konig.* 

This  astrophyllite  occurs  in  large,  brittle,  micaceous  blades,  golden 
to  brownish  yellow  in  color,  and  perfectly  free  from  admixed  minerals, 
such  as  zircon,  the  only  foreign  matter  being  on  the  ends  or  sides  of  the 
blades  which  were  in  contact  with  the  containing  rock,  so  that  pure 
material  for  analysis  was  readily  obtained.  In  this  analysis  the  zirconia 
was  separated  by  a  modification  of  the  hydrogen  peroxide  method  and 
weighed  directly,  being  wsubsequently  identified  qualitatively.  Fo  com- 
parison with  this  analysis,  those  made  by  Konig  and  by  Backstrom* 
are  added  to  the  table  below,  Konig's  being  the  one  previously  re- 
ferred to,  of  jnaterial  from  the  same  region,  and  Backstrom's  of  the 
Eikaholmen  mineral. 


SiO,  . 
TiO,. 
ZrOa- 
FejOi 
Al,Oa 
FeO. 
MnO. 
CaO. 
MgO. 
K,0. 
Na,0 
HaO.. 


£akiii». 


A-iyi-  ,^»iX. 


0-34 

35-23 

11-40 

1-21 

3-73 

trace. 

2902 

5-52 

0-22 

013 

5-42 

3-63 

418 


10003 


•001 
•587 
•143 
•010 


Konig.  BtiokMtr5ni. 


\»»i.r<>{..  I  Moleca-    a«o,i„^;«    Molecu- 
AnalysiH.j  ,^^  ^^ .^  |  Analynis.  ^^  ^^^^ 


0-80 
34-68 
13'58 
2-20 
6-50 
0-70 
26-10 
3-48 


•403 

•078 

•004 

•003  0-80 

•058  501 

•050  ;  2  54 


I- 


•232 


3  54 
CdO  -42 


99-91 


*  Proc.  Am.  Phil.  Soc.  Philad.,  1877,  vol.  16,  p.  609. 

*  G-iven  by  Brogger  in  Groth'a  Zeitochrift,  vol.  16. 
matltgttnge,  etc. 


008 
053 
'041  I 
197 
006  I  F 


3302 
11-a 
3^66 
2-53 
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From  a  discuasion  of  these  anjilyses  of  Backstrom  and  Konig,  Brog- 
ger  deduces  the  general  formula  E"4R'4Ti(Si04)4  for  astrophyllite.  It 
will  be  seen  that  my  analysis  closely  confirms  this  formula,  agreeing 
with  it  better,  in  fact,  than  those  from  which  it  was  derived.  Calcu- 
lating the  small  amount  of  ferric  oxide  present  in  with  the  B^'  group, 
the  molecular  ratios  of  my  analysis  give  the  following  elementary  pro- 
X>ortion8: 

Si5«0«9Ti(Zr),„B"536B'»4H464 

This  reduces  to 

Si»0|6.3Tii<HB"3«B'i^3.i 

4-7 

which  is  close  to  B"4B'4Ti(Si04)4;  the  excess  of  the  R'  group  is  presum- 
ably due  to  the  percentage  of  water  being  somewhat  too  large;  this 
may  result  from  incipient  alteration  of  the  mineral,  which  may  also  be 
the  cause  of  the  variation  in  color. 

II.   TSCHEFPKINITK. 

A  fragment  of  this  rare  mineral  was  last  year  sent  to  the  National 
Museum  by  Mr.  Horace  M.  Engle,  of  Boanoke,  Virginia.  And  upon  its 
identification  he  very  kindly  presented  all  at  his  disposal  for  the  par- 
pose  of  investigafion ;  in  addition  to  some  small  fragments  there  was 
one  large  mass,  which  before  breaking  weighed  over  3^  kilograms,  most 
of  it  now  being  in  the  museum  collection.  It  was  found  in  Bedford 
county,  Virginia,  a  point  considerably  farther  south  than  the  locality  of 
the  material  analyzed  by  Price.^  The  various  pieces  of  this  tscheff kinite 
when  found  were  all  more  or  less  rounded  nodules,  with  a  superficial 
brownish  yellow  ocherous  coating,  evidently  an  alteration  product, 
which  at  some  later  date  may  be  made  the  subject  of  investigation  to 
endeavor  to  determine  the  method  of  alteration.  The  beginning  of  this 
alteration  was  also  seen  in  the  numerous  fissure  xilanes  developed  in 
breaking  up  these  nodules.  Examination  of  a  fresh  surface  showed  a 
distinctly  banded  structure  of  lustrous  black  and  dull  black  material, 
the  bands  varying  from  mere  lines  to  over  5  millimeters  in  width.  As 
well  as  could  be  these  two  differently  appearing  substances  were  sepa- 
rated and  each  analyzed  by  itself;  such  separation,  however,  was  only 
approximate,  as  under  a  inagnifjriug  glass  it  was  seen  tiiat  each  band 
contained  veins  of  the  other.  Analysis  I  is  that  of  the  lustrous  part 
and  II  that  of  the  dull. 

Duplicate  determinations  confirmed  these  specific  gravities,  the  seem- 
ingly more  altered  one  being  the  higher.  The  action  of  acids  on  the 
X)owdered  materials  shows  a  marked  difterence,  the  lustrous  portion 
being  completely  decomposed  in  a  few  minutes  by  warm  and  moderately 
strong  hydrochloric,  sulphuric,  or  nitric  acids,  while  an  hour  or  more 
was  necessary  to  decompose  the  dull  portion  under  similar  conditions. 


I  R.  C.  Price,  Am.  Clietu.  Journal,  Jan. 
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These  analyses  show  that  the  two  bands  are  practically  identical  in 
composition,  the  dall  being  somewhat  more  hydrated.  The  molecular 
ratios  seem  to  lead  to  no  definite  or  satisfactory  formula,  a  result 
quite  in  accordance  with  the  evidence  furnished  by  the  microscopiciil 
examination  of  sections.  For  this  purpose  chips  were  taken  showing 
both  bands,  but  as  in  the  case  of  the  chemical  analysis,  they  were  seen 
to  be  practically  the  same. 
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Specific  gravity. 


4-33  at  27° 


4-38  at  220.2 


*  Molecular  weight— 308. 


f  Molecular  weight =312. 


I  am  indebted  to  Mr.  Whitman  Gross,  of  the  U.  8.  Oeological  Survey, 
for  the  following  notes  on  the  thin  sections: 

The  sections  consist  mainly  of  reddish  and  yellowish  brown  transparent  amor* 
phoiiB  sabstance^  apparently  the  original  material ;  this  is  traversed  in  all  directions 
by  crackS;  from  which  there  has  proceeded  a  decomposition  producing  a  reddish- 
brown  opaqne  ocherous  matter,  which  fills  the  cracks  and  replaces  the  original  ma- 
terial so  that  in  certain  spots  there  is  now  merely  a  network  of  the  two  substances. 
In  each  section  there  are  two  parallel  bands  of  secondary  minerals,  nothing  corre- 
sponding to  which  was  detected  in  the  chips  before  the  sections  were  made.  These 
bands  consist  chiefly  of  two  colorless  minerals,  the  more  abundant  occurring  in 
irregular  grains  closely  resembling  calcite  in  strength  of  refraction  and  double 
refraction;  the  other  occurs  in  rounded  grains  and  is  probably  sphene.  In  addition 
to  the  two  colorless  minerals  in  these  bands,  there  also  appear  two  brownish  sub- 
stances, one  of  which  has  distinct  prisms,  without  terminal  planes,  shows  strong 
pleochrotsm,  and  its  absorption  parallel  to  the  yertical  axis  is  so  strong  as  to  make 
it  opaque,  while  at  right  angles  to  this  axis  it  is  yellow-brown.  More  abundant 
than  this  prismatic  mineral  is  one  occurring  in  apparent  flakes  of  reddish-brown 
color;  it  is  doubly  refracting,  but  not  strongly  pleochroic,  and  can  not  be  identified 
with  any  of  the  substances  already  mentioned.  Adjacent  to  these  bands,  and  replac- 
ing the  amorphous  material  to  varying  distances,  is  still  another  substance,  in  gen- 
eral appearance  similar  to  the  prismatic  mineral,  but  evidently  difierent  as  it  shows 
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no  very  marked  absorption.  This  mineral  is  also  strongly  pleochroic,  varying  from 
yellow-brown  to  chestnut-brown.  All  of  it  in  the  sections  seems  to  have  a  nuiform 
crystallographlc  orientation,  the  cause  of  this  uniformity  not  being  apparent.  Its 
relations  to  the  amori)hous  substances  are  similar  to  those  which  I  have  observed 
in  several  instances  between  crystalline  allanito  and  the  amorphous  variety.    * 

The  microscopical  examination  having  shown  this  tscheflfkinite  to  be 
such  a  mixture,  it  becaqie  desirable  to  examine  others  in  the  same  way. 

The  only  one  available  for  this  purpose  was  that  analyzed  by  Price, 
a  specimen  of  which  is  in  the  National  Museum  collection.  This  speci 
men  has  the  same  geueral  appearance  and  banded  structure  as  my 
own.  Chips  were  taken  from  it  for  sections,  which  Mr.  Cross  exam- 
ined and  found  to  be  in  every  respect  similar  to  tfie  other,  about  the 
only  noticeable  difference  being  in  Price's  material  a  somewhat  greater 
development  of  the  opaque  ocherous  decomposition  product  of  the 
transparent  amorphous  substance  than  in  mine,  and  a  lesser  develop- 
ment of  the  colorless  minerals. 

Taking  into  consideration  the  results  of  this  work,  and  the  manifest 
contradictions  of  most  of  the  earUer  analyses,  it  seems  reasonable  to 
conclude  that,  unless  one  of  the  earlier  analyses  can  be  shown  to  have 
been  made  on  pure  material,  the  so-called  tscheif  kinite  is  not  a  mineral 
in  any  strict  construction  of  tlje  word,  but  merely  a  mixture;  the  struc- 
ture of  the  chemically  complex  body  or  bodies  evidently  its  basis  being 
a  problem  to  be  elucidated  in  the  future  when  purer  material  may  be 
found. 
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By  L.  G.  Eakins. 


I.  METBOEIC  IRON  FEOM  PULASKI  COUNTY,  VIRGINIA. 

The  material  for  this  analysis  was  furnished  by  Mr.  G.  F.  Kiiuz,  in 
whose  possession  the  original  mass,  weighing  about  30  pounds,  now  is. 
This  iron  calls  for  no  special  comment  in  itself.  The  specific  gravity  is 
7-95  at  230. 

AvalyH8. 

Fe^ 93-59 

Ni 6-56 

Co 0-53 

Cu trace. 

P 0-27 

8 001 

Si trace. 

99*96 
n,  STONE  FROM  WASHINGTON  COUNTY,  KANSAS. 

The  material  for  this  work  was  also  furnished  by  Mr.  Kunz.  A  de- 
tailed account  of  its  fall  has  been  published  by  Mr.  F.  H.  Snow,  m  * 
Science,  July  18, 1890.  This  stone  fell  on  June  25, 1890,  and  was  noted 
by  several  observers  by  the  sound  it  made  on  falling,  the  actual  fall 
also  being  seen  by  at  least  one;  on  striking  the  earth  it  buried  itself 
out  of  sight  in  a  hole  about  4  feet  deep. 

The  stone  when  taken  up  weighed  184  pounds,  and  was  cracked  in 
two. 

In  general  appearance  it  is  grayish  black,  with  white  particles  scat- 
tered throughout,  these  being  probably  a  pyroxene.  Particles  of  troi- 
lite  and  of  iron  were  also  visible. 

The  si)ecific  gravity  of  the  mass  was  3*49  at  21*6o. 

As  is  usual  with  this  class  of  stones  the  metallic  i)ortion  was  extract-ed 
and  analyzed  by  itself;  the  portion  from  which  this  was  taken  then 
being  treated  with  dilute  hydrochloric  acid,  this  dissolving  troilite  and 
olivine. 

The  analyzes  are  as  follows: 

45 
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Fe 86-76 

Ni 1218 

Co -83 


99-r7 


Material  left  after  extracting  metallic  particles. 
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It  will  be  seen  that  in  the  analysis  of  the  part  soluble  in  hydrochloric 
acid  all  the  sulphur  found  has  been  calculated  as  troilite.  Taking  this 
amount,  the  metallic  particles  found,  and  the  relative  proportions  of 
the  silicates,  the  approximate  composition  of  the  mass  is  found  to  be: 

Nickel  iron T1 

Troilite 5-0 

Silicates  Boluble  in  HCl 46*0 

Silicates  insoluble  in  HCl '- 41*5 

100-2 
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ON  THE  ACTION  OF  PHOSPHORUS  OXYCHLORIDE  ON  THE  ETHERS 
AND  CHLORHYDRINES  OF  SILICIC  ACID. 


By  H.  N.  Stokes. 


That  silica  can  combine  with  other  acids,  fonning  mixed  anhydrides, 
has  long  been  known,  and  several  such  bodies  have  been  described. 
Friede]  and  Ladenbnrg*  obtained  the  tetra-acetyl  derivative  Si(O.0O. 
CH3)4  by  treating  silicon  tetrachloride  with  acetic  acid  or  anhydride. 
Friedel  and  Crafts'  obtained  8i(OC2H5)30.CO.CH3  firom  ethyl  orthosili- 
cate  and  acetic  anhydride.  Hantefeuille  and  Margottet'  described  a 
crystalline  comi>ound,  Si03.P805,  formed  by  fdsing  amorphous  silica 
with  metaphosphoric  acid. 

By  the  "action  of  phosphorus  oxychloride  on  silicic  ethers  and  their 
chlorine  derivatives,  I  have  obtained  bodies  which  consist  of  phosphoryl 
chlorides,  in  which  the  chlorine  is  partly  replaced  by  a  residue  of  silicic 
acid,  and  which  are  therefore  chlorides  of  silicophosphoric  acids. 

Phosphorus  oxychloride  was  caused  to  react  upon  orthosilieic  ethyl- 
triehlorhydrine^  SiCls-OCgHs,  hoping  thereby  to  obtain  the  silicon 
oxychloride  described  by  Friedel  and  Ladenburg^  and  by  Troost  and 
Hautefeoille:^ 

3SiCl3.0C2H5+POCl3=(SiCl30)3PO-f3C,H6Cl, 
and 

2(SiCl30)3PO=3Si20Cl6+P205. 

The  experiment  proved  that  this  reaction  does  not  take  place. 

If  the  trichlorhydrine  be  heated  in  a  sealed  tube  with  an  excess  of 
phosphorus  oxychloride,  no  reaction  is  apparent  below  176o,  the  con- 
tents remaining  perfectly  clear.  If  the  temperature  be  kept  at  180-200O, 
a  white  amorphous  substance  is  soon  formed,  which  is  sufficiently  porous 
to  absorb  all  the  liquid  products.  After  two  to  three  hours'  heating 
the  tube  is  opened,  when  ethyl  chloride  escapes  in  large  quantities. 
On  placing  the  tube  in  an  air  bath,  heated  at  about  I6O0,  and  connect- 
ing it  with  a  condenser,  a  large  amount  of  liquid  may  be  collected. 
The  solid  remaining  in  the  tube  may  then  be  freed  from  excess  of  phos- 
phorus oxychloride  by  passing  a  current  of  dry  air  over  it  by  means  of  a 
capillary. 

1  Ann.  Cbem.  (Llebig),  vol.  146,  p.  174.  «  Ann.  Chem.  (Liebig),  vol.  147,  p.  855. 

*  Ann.  chiin.  pfays.  [4],  vol.  9,  p.  47.  »  Ann.  chim.  phy«.  [6],  vol.  7,  p. 4«5. 

»  Compt.  rond.,  vol.  96,  p.  1052. 
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The  liquid,  on  fractioning,  is  readily  separated  into  phosphorus  oxy- 

chloride  (boiling  at  llO^)  and  silicon  tetrachloride  (boiling  at  oT^-^lo), 

though  much  of  the  latter  is  lost,  being  carried  off  by  the  ethyl  chloride, 

'  which  is  abundantly  held  in  solution.    The  product  obtained  after  six 

distillations  was  analyzed. 


Si. 


Calculated 
for  SiCU. 

Fonnd. 

16-52 

16-24 

The  view  with  regard  to  its  nature  was  confirmed  by  converting  it 
into  ethyl  orthosilicate  (boiling  at  165'5o).  As  the  liquid  passed  over 
entirely  below  112o,  no  silicon  oxychloride  was  formed,  and  no  sub- 
stances other  than  those  mentioned  could  be  detected.  Analyses  of 
the  solid  substance  gave — 


Found. 


Calcnlated 


0.C1,. 

I. 

II. 

10-92 

1017 

10*06 

24-15 

2516 

2511 

27-59 

27-33 

The  agreement  is  only  approximate,  as  the  substance  could  not  be 
purified  in  any  wayj  and  on  heating  too  long  or  at  too  high  a  tempe- 
rature, when  drying,  phosphorus  oxychloride  is  slowly  given  off.  It  is 
possibly  a  mixture  of  substances,  in  the  formation  of  which  the  one 
supposed  represents  one  stage.  If  heated  above  200°  phosphorus  oxy- 
chloride is  given  off,  and  at  red  heat,  phosphorus  pentoxide;  and  the 
residue,  left  at  a  white  heat,  consists  of  amorphous  silica  imbedded  in 
a  vitreous  substance,  probably  the  compound  Si02.P205  of  Hautefeuille 
and  Margottet.    The  loss  on  heating  corresponds  to  the  equation — 

GSiPjOgClj  =  3Si02  +  3(Si02.P205)  +  4POCI3  +  P2O5. 


Loss. 


Calculated. 

Found. 

4901 

51-86 

The  formation  of  the  substance,  which,  for  reasons  given  tfelow,  may 
be  designated  as  ailico-pyrophosphoryl  chloride^  is  most  simply  expressed 
by  the  equation — 

4SiCln(OC2n5)  +  2POCI3  =  SSiCU  +  SiPjOeCl,  +  ^QHsCl. 

SiUcO'pyrophosphoryl  chloride  is  a  very  bulky  substance,  resembling 
the  lightest  form  of  amorphous  silica.  It  may  be  obtained  perfectly 
colorless,  but  is  usually  more  or  less  colored  by  organic  matter,  formed 
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by  secondary  reactions,  when  Tieated  too  high.  It  is  extremely  hygro- 
scopic, and  gives  off  hydrochloric  acid  instantly  when  exposed  to  moist 
air.  It  is  readily  soluble  in  absolute  alcohol,  a  proof  that  it  contains 
no  free  silica.  The  alcoholic  solution,  which  probably  contain)^  an  ether 
of  silico-phosphoricacid,  may  oe  evaporated  nearly  to  dryness  or  heated 
any  length  of  time  at  150^  without  decomposition.  On  heating  at  225^ 
it  soon  deposits  transparent,  gelatinous  silica.  The  solution  in  alcohol 
is  attended  with  considerable  rise  of  temperature.  The  substance  is 
insoluble  in  ether.  ^  If  cold  water  be  poured  on  the  fine  powder  it  read- 
ily dissolves,  with  the  exception  of  a  few  flakes  of  silica;  but  if  first 
moistened,  or  if  in  lumps,  most  of  the  silica  remains  undissolved.  The 
best  way  to  get  a^  clear  aqueous  solution  is  to  dissolve  in  a  little  alcohol 
and  then  to  dilute  with  water.  *  The  reaction  with  water  alone  is  some- 
what violent.  The  aqueous  solution  may  be  kept  a  long  time — indeed, 
may  be  strongly  concentrated  on  the  water  bath — but  on  evaporation 
t4)  dryness  a  vitreous  mass  is  left,  from  which  water  extracts  phosphoric 
acid  only. 

All  attempts  to  prepare  salts  of  silico-phosphoric  acid  have  failed. 
Ammonium  carbonate  precipitates  gelatinous  silica.  If  the  cold  aque- 
ous solution,  prepared  as  described  above,  be  acidified  with  nitric  acid, 
excess  of  silver  nitrate  added,  and  filtered  from  silver  chloride,  a  clear 
solution  is  obtained.  If  to  this  be  added,  drop  by  drop,  dilute  ammonia, 
a  white  precipitate  is  formed,  which  at  a  certain  point  changes  to  yel- 
low.   The  analysis  of  the  white  substance  (dried  at  lOOO)  gave — 


Ag. 


Calculated 
for  Ag4P,0r. 


nn 


Found. 
71-2J 


The  yellow  precipitate  proved  to  be  merely  silver  ortho-phosphate.^ 
The  filtrate  from  the  silver  salts  gives  an  abundant  precipitate  of  silicic 
a<5id  when  warmed  with  ammonia.  The  magnesia  precipitate  also 
shows  the  characteristic  reaction  of  magnesium  pyro-phosphate,  dis- 
solving in  acetic  acid  when  precipitated  in  the  cold,  and  being  repre- 
cipitated  from  this  solution  on  boiling. 

The  substance  is  therefore  a  derivative  of  pyro-phosphoric  acid,  and 
the  formation  of  some  ortho-phosphoric  acid  may  be  explained  by  the 
decomposition  of  the  tbrmer,  pyro-phosphoryl  chloride  dissolving  in 
water  with  formation  of  ortho-phosphoric  acid.* 

Heated  with  phosphorus  pentachloride  at  lOO^,  silico-pyrophosphoryl 

>  Tfae  reaction  described  above  affords  a  convenient  method  for  separating,  at  least  approximately, 
ortho-  from  pyro-phosphoric  acid .  A  solution  of  the  acids— or  their  soluble  salta— is  acidified  in  the  cold 
with  nitric  acid  and  silver  nitrate  added  in  excess.  On  adding  dilute  ammonia,  drop  by  drop,  all  tho 
pyro-phosphoric  acid  is  precipitated  before  any  of  the  ortho-phosphoric  acid  comes  down.  At  this 
point  a  single  drop  of  ammonia  gives  a  yellow  tinge  to  the  precipitate,  which  a  drop  of  dilute  nitric 
acid  causes  to  disappear.  If  the  liquid  be  now  filtered,  all  the  pyro-phosphoric  acid  will  be  in  the  pre- 
cipitate and  all  the  pfthO'phosphoric  acid  in  the  filtrate.  The  reaction  is  so  sharp  that  it  might  pos- 
sibly be  used  to  separate  %he  acids  quantitatively. 

*  ^ichaelis:  Ber.  d.  dentscl^.  cljem,  Ges.,  vol.  4,  p.  767. 
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chloride  is  rejvdily  and  quantitatively  convert>ed  into  silicon  tetrachlo- 
ride and  phosphoruR  oxychloride: 

SiPjOeClj  +  -iPCU  =  SiCl4  +  6P(Kn3. 

The  tetrachloride  was  isolated,  and  expectations  with  regard  to  its 
nature  were  c6nfirmed  on  converting  it  into  the  ether  (b.  p.,  165-5^). 
No  silicon  oxychloride  could  be  obtained.  If  heated  with  an  insuffi- 
cient amount  of  phosphorus  i)entachloride,  the  excess  remains  appar- 
ently unchanged. 

The  conversion  of  a  derivative  of  silicic  acid  into  silicon  tetrachloride 
at  so  low  a  temperature  has  not  been  hitherto  observed.  R.  Weber* 
obtained  the  tetrachloride  and  phosphqrus  oxychloride  by  passing  the 
vajwr  of  phosphorus  pentachloride  over  silica  at  a  red  heat.  As  the 
pentachloride  is  completely  dissociated  at  300°  int-o  trichloride  and 
chlorine,  the  reaction  is  due  to  the  action  of  chlorine,  combined  with 
the  reducing  action  of  the  trichloride— 

SiO,  +  2PCI3  +  2CI2  =  SiCl4  +  2POCI3— 

which  is  analogous  to  the  old  method  of  preparing  the  tetrachloride — 

SiOj  -f  20  +  2CI2  =  SiCl4  +  2CO. 

As  I  have  convinced  myself,  phosphorus  pentachloride  does  not  acton 
amorphous  silica  (dried  at  lOOO)  even  at  250^,  farther  than  to  dehydrate  it. 

The  action  of  a  smaller  quantity  of  phosphorus  oxychloride  on  the 
trichlorhydrine  is  similar.  Three-molecule  trichlorhydrine  and  one- 
molecule  oxychloride,  heated  at  I8O0,  gave  ethyl  chloride,  silicon  tetra- 
chloride, an*  a  solid  product  completely  soluble  in  alcohol  and  water, 
the  (composition  of  which  differed,  however,  from  that  of  the  substance 
above  described.     (Found:  Si,  15-25;  P,  22-30;  CI,  14-13.) 

The  action  of  an  excess  of  phosphorus  oxychloride  on  the  chlorhy- 
<lrines  SiCl2(OC2H5)2  and  SiCl(0('2H5)3  is  essentially  similar.  At  180- 
2000  a  solid  substance  is  formed,  with  much  ethyl  chloride  and  silicon 
tetrachloride.  The  amount  of  the  tetrachloride  is  directly,  and  that  ot 
the  solid  inversely,  i)roportional  to  the  amount  of  chlorine  in  the  chlor- 
hydrine.  In  each  case  the  tetrachloride  was  isolated  in  a  state  of 
approximate  purity  and  converted  into  the  ortho-ether,  boiling  at 
165-60,  No  other  volatile  substances  could  be  detected.  The  solid 
body  was  completely  soluble  in  alcohol  and,  in  brief,  showed  all  the 
properties  above  described  as  belonging  to  silico-pyrophosphoryl  chlo- 
ride.   The  analysis  of  the  i)roduct  from  SiCl2(OC3H5).i  gave — 
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I    CHlrulAt«d    I 
forSiP,0,(%.| 

10-»2  , 
3415  I 
17-59  : 


Found. 

10-15 
24-54 
•24-73 


Tlje  results,  as  before,  are  only  approximate;  but,  it  must  be  remem- 
bered, the  body  loses  phosphorus  oxychloride  slowly  ou  heiitiiig,  and 
ouly  the  crude  product  could  be  analyzed.  The  reactions  in  these 
cases  are: 

4SiCl2(OC,H,),  +  4POC:i3  =  28iCl4  +  ^SiP^OeCU  +  SC^H^C.^, 
4SiCl  (OC2H5)3  +  6POOI3  =  SiCU   +  SSiPzOeCl,  +  I2C2H5CI. 

Orthosilicic  ether,  Si(OC2H5)4,  was  heated  with  excess  of  phosphorus 
oxychloride  for  two  hours  at  180o-200o.  The  tubes  contained  a  solid 
substance  and  ethyl  chloride.  On  distilling  off  the  excess  of  oxychlo- 
ride and  decomposing  it  with  water  only  a  trace  of  silica  was  left  after 
evaporation,  showing  that  practically  no  volatile  silicon  compound  was 
formed.  The  solid,  the  properties  of  which  were  in  every  resi)ect  iden- 
tical with  those  of  the  body  above  described,  gave  on  analysis — 


Si I 

^- ; 

Cl I 
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The  reaction  is,  therefore,  represented  by  the  equation — 

Si(OC,H5)4  +  2PCK31,  =  SiP,De(3U  +  iCaHsCl. 

The  vonstitation  of  the  silico-phoaphoryl  chloride  is  possibly  very 
complex.  The  simplest  constitational  formula,  deduced  from  the  last 
equation,  would  be 

^  >  POCl 


Si- 


O 

o 
o 


>  POCl 


but  as  this  would  give  no  pyro-phosphoric  acid  on  decomposition  with 
water,  we  must  assume  that  it  is 


„.,-  .O.PO.C1.   ,- 
^»^<O.PO,01>^5 
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or  a  polymer  eontaining  the  group — O.PO.O.PO.O — ,  whioh  makes 
it  a  derivatlye  of  metasilioic  acid.  The  cause  of  the  formation  of  silicon 
tetrachloride  fh)m  the  chlorhydtines  is  not  clear.  It  is  obvionsly  not 
due  to  a  direct  replacement  of  ethozyl  by  chlorine,  for  then  it  should  be 
obtained  in  the  same  amount  from  each  chlordydrine,  or  from  the  ether; 
whereas  the  latter  does  not  give  it,  and  the  amount  obtained  from  the 
former  is  proi)ortional  to  the  amount  of  chlorine  they  already  contain. 
Besides,  no  phosphoric  ethers  are  formed.  Nor  does  the  supposition 
explain  the  formation  of  silico-pyrophosphoryl  chloride  in  quantities 
inversely  as  the  amount  of  chlorine.  A  possible  explanation  is  the  fol- 
lowing: The  chlorhydrlnes*  are  formed  by  heating  mixtures  of  ortho- 
silicic  ether  with  silicon  tetrachloride,  or  of  either  of  these  with  other 
chlorhydrines,  that  one  being  formed  in  largest  amount  which  corre- 
sponds  in  composition  to  the  mean  composition  of  the  mixture;  for 
example — 

38i(O02H5)4  +  SiCl4  =  SiCl(O02H5)3. 

2SiCl3(OC2H5)  +  Si(OCaH5)4  =  3SiCl2(O02H5)2. 

These  reactions  take  place  below  200^ ;  partial  dissociation  occurring^ 
the  products  reuniting  to  form  that  body  which  tends  to  give  the  liquid 
a  homogeneous  composition.  Doubtless  the  reverse  process  takes  place 
at  the  same  time;  for  example — 

4SiCl(O02H5)3==3Si(O02H5)4  +  SiCU; 

# 

and  if  phosphorus  oxychloride  be  present — which,  as  just  shown,  des- 
troys the  ether—this  can  go  on  until  all  the  chlorhydrine  has  been  con- 
verted into  ether  and  tetrachloride.  This  explanation  is  simple  enough, 
but,  as  shown  by  the  action  of  phosphorus  oxychloride  on  disilicic 
chlorhydrines,  the  actual  process  is  possibly  more  complicated. 

By  heating  a  mixture  of  trichlorhydrine,  phosphorus  and  iodine,  a 
solid  of  similar  properties  was  obtained,  and  silicon  tetrachloride  wa« 
formed.    The  reaction  was  not  followed  further. 

ACTION  OF  PHOSPHORUS  OXYCHLORIDE  ON  DERIVATIVKS  OF  DIStLICIO 

ACID. 

Hexethyl  diailicateJ^ 

^  3    Si(O02H,), 

Si(OC2H5)3' 

was  heated  with  an  excess  of  phosphorus  oxychloride  in  sealed  tube« 
at  180-200O  for  two  or  three  hours.  The  tubes  contained  a  white  solid, 
outwardly  resembling  silico-pyrophosphoryl  chloride  and  much  ethyl - 
cliloride.  Fo  volatile  silicon  compound  was  formed.  The  solid  resem- 
bled in  its  general  properties  the  one  desc^xibed.  It  was  completely 
soluble  in  alcohol,  and  therefore  contained  no  free  silica.    The  solution 


'  Friedel  and  CrafU:  Ann.  cbiin.  phys.  [4],  vol.  !♦,  pp.  11,  14,  16, 
>  Ibid,  p.  24. 
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gave  the  reactions  of  pyTO-phoaplioric  acid.    It  diftered  markedly  iu 
comx)ositiou  from  the  orthosilicic  derivative,  the  analysis  giving — 


,  CalculatMl  for 
SIP,0,C1,. 

I0»2 

2415 

27-5» 

Pound. 

Hi 

P 

CI 

17U? 
23-91 

This  corresponds  to  no  probable  formala,  but  contains  4  atoms  Si  to 
5  atoms  P,  instead  of  1  atom  Si  to  2  atoms  P.  Phos)>hora8  pentachlo- 
ride  converts  it  readily  (at  100°)  into  silicon  tetrachloride  and  phos- 
phorus oxychloride.  No  silicon  oxychloride  is  formed,  the  product 
passing  over  entirely  below  112^.  The  tetrachloride  was  isolated  and 
converted  into  the  tetrethyl  ether  (boiling  at  165.50). 

The  ease  wjth  which  the  ortlio-chlorhydrines  give,  with  phosphorus 
oxychloride,  silicon  tetrachloride,  led  to  an  analogous  experiment  with 
the  disilicic  chlorhydrinesj  iu  the  hope  that  in  this  way  silicon  oxychloride 
might  be  obtained.  On  the  above  hypothesis,  we  should  have,  in  the 
presence  of  phosphonis  oxychloride,  the  following  reac^tion: 

fiO<r^^^^'  -  r,o  <r  SiCl3^^^^Si(OC,H,)3. 

^^^SiCU(O02H5)  -  ""^^  ^  SiOl3  +  ^  ^Si(OC2H5)3' 

and  analogous  reactions  with  the  other  chlorhydriues. 

The  disilicic  chlorhydrines,  which  have  not  hitherto  been  prepared, 
are  formed  by  heating  disilicic  ether  with  an  excess  of  silicon  tetra- 
chloride for  several  hours  at  200o.  A  gradual  exchange  of  ethoxyl  and 
chlorine  occurs,  disilicic  chlorhydrines  and  ortho-silicic  trichlorhydrine 
being  foimed.  After  distilling  off  the  latter,  the  residue  is  again  heated' 
with  silicon  tetrachloride,  whereby  the  conversion  is  carried  further. 
In  this  way  a  mixture  of  disilcic  chlorhydrines  was  obtained,  which, 
aftet  freeing  from  all  ortho-silicic  compounds  by  repeated  distillation, 
boiled  at  170-220O.  A  chlorine  determination  showed  that  it  contained 
the  equivalent  of  (y5  per  cent  SijOCle.  No  attempt  was  made  to  isolate 
any  of  these  chlorhydrines,  as  no  less  than  eight  are  theoretically  possi- 
ble, and  it  was  presumed  that  they  would  all  act  in  the  same  way 
toward  phosphorus  oxychloride.  The  mixture  was  heated  with  excess 
of  phosphorus  oxychloride  (based  on  the  amount  of  chlorine  shown  by 
analysis)  for  two  and  a  half  hours  at  180-2(.K)o ;  after  which  no  further 
action  was  observed.  The  appearance  of  the  product  was  the  same  as 
in  previous  experiments.  The  liquid  product  was  distilled  off  and  frac- 
tioned.  It  was  found  to  consist  of  nn  excess  of  phosphorus  oxychloride, 
of  silicon  tetrachloridej  which  was  recognized  through  conversion  into 
the  ether,  and  ethyl  chloride.  The  liquid  boiled  entirely  below  112^, 
and  therefore  none  of  the  expected  silicon  oxychloride  was  formed.  The 
solid  product  was  markedly  different  from  those  before  obtained.    It 
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was  only  partly  noluble  in  alcohol,  aud  ou  boiling  out  with  the  solvent 
u  large  reeiduc*.  of  silwa  was  left.  Besides  a  soluble  silico-phosphoryl 
chloride  and  ethyl  chloride  the  only  products  were  silicon  tetrachloride 
and  silica.  If  the  oxychloride  be  formed  at  all,  it  is  at  onc^e  decomjiosed 
in  tlie  presence  of  phophoms  oxychloride — 

2Si20CU=3SiCl4  +  SiO^ 

Whether  this  actually  occurs  is  questionable,  as  the  oxychloride  and 
all  the  other  substances  concerned  are,  by  themselves,  stable  at  a  much 
higlier  temperature  than  that  employed.  1  am  unable  to  give  any  satis- 
factory explanation  of  the  reaction. 

Amorphous  silica,  prepared  from  water-glass  aud  dried  at  lOO^,  gives 
with  phosphorus  oxychloride  a  small  amount  of  silico-phosphoryl  chlo- 
ride, soluble  in  alcohol:  3*5  per  cent  of  the  silica  was  converted  into 
this  compound. 

ThesilicQji  tetrachloride  used  as  the  starting-material  of  these  exjieri- 
ments  was  made  by  the  admirable  method  of  Gatteimann.*  For  pre- 
paring the  silicx)n  mixture  I  used,  instead  of  test  tubes,  sheet-iron  cru- 
cibles of  about  200««  capacity.  These  are  nearly  filled  with  an  inti- 
mate mixture  of  three  parts  quartz  powder  and  one  part  magnesium 
powder,  tightly  pressed  down.  On  heating  over  a  blast  lamp,  the  reac- 
tion starts  in  a  few  seconds,  and  is  indicated  by  the  whole  crucible  sud- 
denly becoming  red-hot.  During  the  reaction  the  lid  must  be  held 
down  firmly.  I  prefer  to  extract  the  magnesia  from  this  product  before 
using  it,  as  less  care  has  to  be  nsed  in  regard  to  temperature  when 
passing  chlorine  over  it.  By  using  ice  alone,  to  condense  the  chloride, 
nearly  the  theoretical  yield  is  obtained;  the  crude  product  loses  abont 
15  per  cent  in  the  process  of  purification. 

The  orthochlorhydrines  were  prepared  essentially  according  to  the 
method  of  Friedel  and  Grafts.^  Any  mixture  may  be  used  which  coin- 
cides in  composition  with  that  of  the  chlorhydrine  desired.  The  yield 
is  never  theoretical,  no  matter  how  long  the  heating  may  be  continued. 
The  yields  of  pure  substance,  obtained  after  six  distillations,  were  as 
follows:  Monochlorhydrine,  65  per  cent;  dichlorhydrine,  40  per  cent; 
trichlorhydrine,  47  per  cent.  More  can,  of  course,  be  obtained  by 
uniting  and  heating  the  residues. 

Friedel  and  Crafts^  obtained  the  disilicic  ether  by  adding  to  silicon 
tetrachloride,  drop  by  drop,  alcohol  containing  the  calculated  amount 
of  water.  They  claim  that  the  yield  is  nearly  theoretical.  I  am  not 
able  to  confirm  this  statement.  By  following  their  directions  exactly, 
I  obtained  a  mixture  of  ortho-  and  disilicic  ethers,  with  ethers  of  much 
higher  boiling  points.  After  repeated  fraction  ing,  only  33  per  cent  of 
the  theoretical  yield  of  disilicic  ether  was  obtained,  and  the  amount  of 


»  Ber.  d.  dpiitnch.  e\wm.  Gm.  vol.  22,  pp.  1H6-188. 

»  Lo4'.  cit. 

*  Ami.  ('hiiu.  phy».  [4]  vol.  9,  p.  26. 
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ortho  ether  wa8  much  greater.  This  is  clue  to  the  faet  that  the  abided 
water  ac^ts  on  the  disih'eic  ethtir  already  formed,  giving  more  complex 
bodies,  so  that  there  is  an  excess  of  tetrachlori<le,  which  is  c^m verted 
into  ortho-ether.  ^ 

The  essential  results  of  these  ex])erimeiits  may  be  Summe<l  up  as 
follows: 

Phosphorus  oxychloride  acts  on  orthosilicic  ether  and  its  chlorine 
derivatiyes  according  to  the  following  equations: 

I.  4Si(OOaH5)4      +  8POCl3=r4SiP2(Mn2  +I6O2H5CI.. 

II.  48iCl(OC2H5)3  +6POCl3=Si(l4  +  ^SiPaOcCl2   +I2C2H5CI.' 

III.  4SiCl2(OC2H5)«  +  4POCl3=2SiCl4  +  2SiP20flCl2  +  8C2H5CI. 

IV.  4SiCl3(OC,H..) +2POCl3=::3SiCl4+SiP206Cl2  +4C2H5CI. 

The  body  SiPjOeClj  is  the  chloride  of  a  silico-pyrophosphoric  aeid,  is 
decomposed  by  water  into  silica  and  pyrophosphoric  acid  and  is  easily 
converted  by  phosphorus  pentachloride  into  silicon  tetrachloride  and 
phosphorus  oxychloride. 

The  ether  of  disilicic  acid  acts  similarly,  giving  a  silico-phosphoryl 
chloride  of  different  composition  but  analogous  properties. 

The  chlorhydrines  of  disilicic  acid  do  not  give  with  phosphorus 
oxychloride,  as  might  be  inferred,  a  silico-phosphoryl  chloride  and  sili- 
con oxychloride,  but  a  mixture  of  the  first  with  free  silica  and  silicon 
tetrachloride. 

Phosphorus  trichloride  also  acts  on  "orthosilicic  ether  at  200°,  giving 
a  white  solid,  and  liquid  products,  which  will  be  further  studied. 
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The  credit  of  having  definitely  established  the  proportions  in  which 
gold  and  sulphur  combine  is  due  to  L.  Hoffmann  and  G.  Krilss.^  They 
found,  as  a  result  of  many  elaborate  experiments,  that  gold  can  form 
with  sulphur  only  aurous  sulphide  Au^S  and  auroauric  sulphide  Au^Ss, 
but  not  auric  sulphide  AU2S3.  It  must  be  observed,  however,  that 
lately  Antony  and  Lucchesi*  have  stated  that  they  succeeded  in  pre 
paring  auric  sulphide  by  pasMng  dry  hydrogen  sulphide  over  lithium 
aurochloride. 

While  studying  both  the  sulx^hides,  which  were  prepared  in  a  pure 
state  by  Kruss,  I  repeatedly  noticed  their  tendency  to  form  colloidal 
solutions.  I  have  found  in  chemical  literature  some  suggestions  bear- 
ing on  this  behavior,  but  no  special  investigation  upon  the  subject  has 
been  recorded.  Consequently  it  seemed  desirable  to  look  into  the 
matter. 

COLLOIDAL  AUROUS  SULPHIDE. 

Hoffmann  and  Kriiss  state  that  freshly  precipitated  aurous  sulphide 
forms  with  water  a  clear  brown  solution,  without,  however,  laying  any 
stress  on  its  colloidal  nature.  Although  some  of  the  properties  of  the 
solution  mentioned  by  Hoffmann  and  Kriiss,  for  instance,  coagulation  by 
hydrochloric  acid  and  by  neutral  salts  (sodium  chloride,  potassium  chlo- 
ride), indicate  clearly  its  colloidal  character.  I  have,  nevertheless,  made 
an  experiment  to  prove  it  directly.  The  brown,  clear  solution  was  placed 
in  a  dialyser  and  after  the  lapse  of  several  days  the  liquid  in  the  outer 
jar  did  not  contain  a  trace  of  any  gold  compound.  Consequently  the 
aurous  sulphide  solution  is  colloidal,  and  to  compare  it  with  sodium 
sulphide,  as  Hoffmann  and  Kriiss  have  done,  in  order  to  characterize 
the  position  of  gold  in  the  periodic  system,  is  not  admissible,  particu- 
larly as  it  is  well  known  that  the  sulphides  of  the  heavy  metals  in  gen- 
eral can  form  colloidal  solutions.  This  subject  Spring  and  Boeck^  and 
later  Winssinger*  have  investigated.  In  order  to  prepare  colloidal 
aurous  sulphide  in  suflBcient  quantity  the  directions  of  Hoffmann  and 
Kriiss  should  mainly  be  followed,  but  with  the  following  changes: 

1  Ber.  d.  dentachen  chem.  Oesell.,  vol.  20,  pp.  2369  and  2704. 

*  Gazsetta  chiroica  italiana,  vol.  20,  pp.  601-607. 
«  Bnll.  de  la  aoci^t^  chimiqae,  vol.  48,  p.  166. 

*  Ibid.,  vol.  49,  p.  452. 
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Anrons  cyanide  isolated  from  potassium  aurocyauide  by  medUvS  of 
hydrochloric  acid  is  dissolved  in  the  least  possible  quantity  of  potassium 
cyanide;  the  solution  is  then  saturated  with  sulphurett^  hydrogen. 
Hydrochloric  acid  is  now  added  and  the  liquid  gently  warmed  until  it 
becomes  distinctly  brown  and  cloudy,  but  the  he^vting  should  be  dis- 
continued as  soon  as  a  heavy  precipitate  begins  to  form.  This  solution 
is  next  subjected  to  a  prolonged*  dialysis.  In  the  dialyser  remains  a 
dark  brown  colloidal  solution  of  aurous  sulphide,  which  can  be  sepa- 
rated by  decantation  and  filtration  from  solid  aurous  sulphide,  which 
lattei:  is  usually  present  in  considerable  quantities. 

The  strongest  solution  obtained  by  this  method  contained  1*740 
grammes  .aurous  sulphide  in  the  liter.  An  attempt  was  made  to  con- 
centrate this  liquid  in  vacuo  to  half  of  its  bulk.  A  small  quantity, 
however,  of  aurous  sulphide  separated  out  when  this  degree  of  con- 
centration was  reached. 

When  a  solution  of  aurous  sulphide  is  heated  to  a  temperature  of 
200-2300  gold  separates  out  and  simultaneously  sulphuric  acid  is 
formed.  On  freezing  and  subsequent  thawing  aurous  sulphide  is 
deposited  in  solid  form.  The  same  behavior  has  been  observed  in  the 
case  of  many  other  colloidal  solutions.*  It  appeared  to  be  of  some 
interest  to  ascertain  whether  colloidal  aurous  sulphide  possesses  the 
property  to  undergo  mutual  decompositions  similar  to  those  of  sul- 
phuretted hydrogen  and  of  the  soluble  sulphides  of  the  alkalies  and 
alkaline  earth  metals;  and  particularly  whether  it  would  react  with 
other  colloidal  solutions,  such  as  colloidal  ferric  hydrate,  according  to 
the  following  equations: 

2Fe(OH)3  +  3AU2S  =  FejSa  +  SAujO*  +  3H2O 
2Fe(OH)3  +  3AU2S  =  2Fe8  +  S  +  3  AU2O  +  3H2O 

^me  time  ago  Wright^  studied  the  action  of  sulphuretted  hydrogen 
on  ordinary  ferric  hydrate.  I  find  that  colloidal  ferric  hydrate  behaves 
in  the  same  way.  If  sulphuretted  hydrogen  is  conducted  into  a  solu- 
tion of  coOoidal  ferric  hydrate  at  ordinary  temperatures  iron  sulphide 
immediately  separates  out.  The  reaction  proceeds  probably  according 
to  the  equations — 

2Fe(OH)3  +  3H2S  =  FcaSa  +  6H2O 
2Fe(OH)3  +  3H2S  =  2FeS  +  S  -f  6H2O 

which  Wright  has  demonstrated  to  be  probable  in  the  case  of  the  ordi- 
nary compound.  If  solutions  of  colloidal  ferric  hydrate  and  colloidal 
aurous  sulphide  are  mixed  no  reaction  takes  place  either  at  ordinary 
or  at  higher  temx)eratures.    This  fact  confirms  the  hypothesis^  that  in 


>  Zeitachrtrt  f.  phys.  Chem.,  vol.  4,  p.  486. 
s  Joar.  Chem.  Soc.,  1883,  vol.  43,  p.  156. 

SC.  Baras  and  K.  A.  Schneider:  On  tho  nature  of  colloidal  HoliitionH.    Zeitschrift  f.  pbys.  Chem., 
vol.  8.  p.  278. 
*  The  soluble  annras  oxide  haa  been  described  by  Kriias;  Ann.  Chem.  ^'^^^^i^y^^^^^l^ 
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'  colloidal  solutions  extremely  sifiall  solid  particles  are  held  in  suspen- 
sion, for  solid  substances  do  not  react  among  themselv'es,  excepting 
possibly  when  very  high  pressure  is  used. 

COLLOIDAL.  AITROAURIO  SULPHIDE. 

Weak  solutions  of  colloidal  auroauric  sulphide  have  been  already  pre- 
pared by  Winssinger.*  Comparatively  concentrated  solutions  of  auro- 
auric sulphide  may  be  obtained  easily  and  in  large  quantity  when  the 
freshly  precipitated  compound  is  boiled  with  potassium  cyanide  or  i)0ta8- 
sium  polysulphide  until  about  half  of  the  gold  salt  has  gone  into  solu- 
tion. The  undissolved  sulphide  is  rinsed  now  with  water  in  a  dialyser 
and  subjected  to  dialysis.  After  removal  of  all  the  crystalloids  there 
remains  in  the  dialyser  a  dark  brown  liquid,  together  with  some  solid 
auroauric  sulphide,  which  can  be  easily  separated  by  decantation  and 
filtration. 

*  The.yield  is.  equally  good  whether  potassium  cyanide  or  potassium 
polysulphide  is  used.  In  the  second  case,  however,  it  seems  to  be 
more  diflRcult  to  remove  the  crystalloids,  even  by  protracted  dialysis. 

The  colloidal  auroauric  sulphide  solutions  are  perfectly  transparent 
to  both  transmitted  and  refle^jted  li^ht  (the  latter  is  not  always  the  case 
with  colloidal  solutions). 

When  the  solution  is  frozen  it  behaves  like  the  solution  of  aurous 
sulphide  and  most  of  the  other  colloids.  .  It  undergoes  no  change  when 
heated  to  240°  in  a  sealed  tube. 

The  strongest  solution  which  I  was  able  to  obtain,  according  to  the 
above  described  method,  contained  0*8  gramme  auroauric  sulphide  in 
the  liter.  Its  color  is  dark  brown  and  a  layer  of  about  2  centimeters 
thickness  is  almost  opaque.    • 

In  order  to  ascertain  whether  the  auroauric  sulphide  had  undergone 
change  on  dissolving,  a  liqnid  containing  the  compound  in  colloidal  con- 
dition was  coagulated. 

The  precipitated  sulphide'  was  reddish  brown  when  moist;  black 
when  dried.  The  analysis  gave  data  which  corresi>onded  well  with  the 
formula  Au2Si. 

Colloidal  solutions  of  aurous  sulphide  can  be  obtained  by  treating 
aurous  sulphide  with  potassium  polysulphide,  but  the  yield  is  much 
smaller  than  in  the  case  of  auroauric  sulx)hide. 

That  colloidal  solutions  are  formed  by  prolonged  washing  with  water 
of  a  precipitate  which  has  been  already  acted  on  by  a  solvent  has  been 
observed  several  times.  Wright^  states  that  ferrous  sulphide  changes 
to  the  colloidal  condition  if  washed  with  watc^r  after  previously  having 
been  boiled  with  enough  potassium  cyanide  to  effect  ])artial  solution. 
I  have  repeated  the  experiment  and  can  fully  confirm  this  statement. 

1  Bull,  (le  la  Boci^t^  (;himique,  vol.  49,  p.  452. 
« Jonr.  Chem.  Soc,  1883,  vol.  43,  p.  103. 
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Without  knowing  of  Wright's  expcrimeiits  I  found  several  years  ago 
that  ordinary  ferric  hydrate  may  be  convert  e<l  into  its  e>o11oidal  form  by 
a  similar  process.' 

Freshly  precipitated  ferric  hydrate  is  easily  dissolved  by  a  neutral 
solution  of  aluminum  chloride.  Now^  if  ^  excess  of  ferric  hydrate  is 
present  which  does  not  further  dissolve,  and  if  the  same  is  ))la(^d  on  a 
filter  and  washed  with  water  until  all  salts  present  are  removed  it  goes 
into  a  solution  which  seems  to  be  in  its  properties  almost  identical  with 
ordinary  dialysed  ferric  hydrate. 

The  following  explanation  can  be  given  of  this  behavior :  If  a  solvent 
acts  on  a  finely  divided  precipitate,  single  molecules  throughout  the 
whole  mass  of  the  latter  go  into  solution.  Thus  the  large  aggregates 
of  molecules  are  broken  up  into  smaller  ones.  These  aggregates  of 
molecules  may  become,  xmder  certain  conditions,  so  small  that  they 
remain  permanently  suspended  in  the  liquid  and  form  a  so-called  ^^col- 
loidal" solution.  It  must  be  added,  however,  that  tliis  hap[KMis  only  in 
certain  cases  and  with  certain  substances:  If,  for  instance,  silver 
sulphide  is  treated  exactly  in  the  same  way  as  ferrous  sulphide  or  auro- 
auric  sulphide  with  itotassium  cyanide  and  then  washed  with  water  no 
trace  of  a  colloidal  solution  is  formed. 

An  unsuccessful  exi>eriment,  which  was  made  with  the  intenticm  of  - 
obtaining  colloidal  auroauric  sulphide  by  another  method,  may  be  men- 
tioned, as  it  gave  rise  to  an  interesting  observation.  If  sulphureted 
hydrogen  is  conducted  at  ordinary  temperatures  into  a  solution  of  auri(; 
chloride,  veiy  little  precipitate  is  formed  as  long  jis  undecomposed 
chloride  is  present;  the  color  of  the  solution  becomes  at  the  same  time 
dark  brown;  thin  layers  of  the  liquid  remain  still  transparent.  This 
behavior  seemed  to  indicate  that  at  first  only  colloidal  auroauric  sul- 
phide is  formed.  In  order  to  confirm  this  assumption  by  experiment  a 
solution  of  auric  chloride  was  incompletely  precipitated  by  sulphureted 
hydrogen  and  then  placed  in  a  dialyser.  After  the  lapse  of  a  few  hours 
the  unchanged  chloride  of  gold  was  diflfused;  in  the  dialyser,  however, 
remained  finely  divided  gold  instead  of  colloidal  auroauric  sulphide  as 
had  been  exi>ected. 

It  appears  that  the  gold  chloride  had  acted  on  the  auroauric  sulphide 
according  to  the  following  equation : 

AU.2S3  +  ( AuCl3)4  +  8H2O  =  AUfl  +  2H2SO4  +  12HC1. 

And,  indeed,  if  a  mixture  of  the  solutions  of  colloidal  auroauric  sul- 
phide and  gold  chloride  is  gently  heated  gold  immediately  separates 
out.  The  following  quantitative  experiment  definitely  confirms  this 
view.  1*4140  grammes  auroauric  sulphide  (one  molecule  AU2S2)  were 
heated  on  the  water  bath  with  four  molecules  auric  chloride,  corre- 
sponding to  2*8280  grammes  gold.  After  the  lapse  of  four  hours  the 
liquid  had  become  entirely  colorless  and  the  brownish  black  color  of 


^  Ann.  Chem.  Phanu.,  vol.  257,  p.  374. 
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aiiroauric  sulphide  had  changed  entirely  to  the  yellowish  brown  of 
metallic  finely  divided  gold.  The  gold  which  had  thns  separated  out 
was  carefully  washed,  dried,  digested  with  carbon  bisulphide- for  some 
time  and  ultimately  dried  at  a  temperature  of  llO^.  Its  weight  aftor 
this  treatment  amounted  to  4'4>708  grammes. — on  heating  and  calcining 
the  same  a  sulphur  flame  was  noted,  and  a  loss  of  0*0327  grammes 
or  0*77  per  cent  was  found ;  consequently  found  4*2381  grammes  gold, 
instead  of  4*2420  grammes. , 

The  presence  of  sulphuric  acid  as  required  by  the  above  equation  was 
only  qualitatively  proved.  The  presence  of  a  small  quantity  of  sulphur 
in  the  gold  can  be  explained  by  the  fact  that  the  auroaaric  sulphide 
used  was  not  freed  originally  from  the  sulphur  which  is  always  formed 
when  gold  chloride  solution  is  precipit.ated  by  sulphureted  hydrogen. 
Consequently  it  was  possible  for  the  metal  to  be  e4>ntanHnat;ed  with 
traces  of  sulphur,  which  are  removed  only  with  great  diflSculty  by  car- 
bon bisulphide. 

By  a  second,  but  not  strictly  quantitative  experiment  it  was  shown 
that  gold  chloride  reacts  with  auroauric  sulphide  in  the  above  described 
manner  even  at  ordinary  temperatures,  but  the  reaction  proceeds  more 
slowly.  The  reduction  of  boiling  solutions  of  auric  chloride  by  sulphu- 
leted  hydrogen,  which  ha«  been  already  observed  by  Levol,"  can  he 
explained  by  the  above  reaction. 

Finally,  colloidal  Uuroauric  sulphide  was  prepared  by  prolonged 
treatment  of  freshly  precipitated  auroauric  sulphide  with  sulphureted 
hydrogen  water.  Freshly  precipitated  auroauric  sulphide  was  sus- 
pended in  a  few  hundred  cubic  centimeters  of  water  'and  placed  in  a 
dialyser.  Sulphureted  hydrogen  was  conducted  into  the  latter  for  a 
week,  and  the  water  in  the  outer  jar  was  frequently  renewed.  After 
the  lapse  of  this  time  a  light  brownish  yellow  solution  had  formed  in 
the  dialyser.  This  solution  contained  0*023  gramme  auroauric  sulphide 
per  liter.  ^ 

It  is  evident  that  more  concentrated  solutions  could  be  obtained  if 
the  treatment  with  sulphureted  hydrogen  were  continued  for  a  longer 
period.  If,  however,  we  compare  this  method  with  the  preceding  it 
appears  long  and  tedious.  Some  of  the  facts  mentioned  may  possibly 
throw  light  on  certain  chemico-geological  problems. 

It  appears  probable — 

(1)  That  the  separation  of  free  gold  in  the  upper  strata,  of  the  earth^s 
crust  may  have  been  effected  by  the  notion  of  sulphureted  hydrogen 
on  chloride  of  goldj^  for  the  constant  as80<uate  of  gold,  pyrites,  owes 
its  formation,  as  Doelter^  has  shown  in  his  investigation  on  that  sub- 
ject, to  the  action  of  sulphureted  hydrogen  watet  on  the  various  oxides 
of  iron  at  temperatures  below  100^. 


1  Annal.  Chim.  Phjo.  (3),  vol.  30,  p.  356. 

*Tlie  original  formation  of  gold  chloride  in  the  earth-cmHt  can  bn  oxplainefl  by  lira  action  of  chlorine 
on  gold  at  a  couRiderable  depth, 
a  ZeitiM-hrift  f.  Kryst.  und  Min.,  vol.  11,  p.  30.  ^^  , 
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(2)  That  the  formation  of  gold  coald  have  taken  place  at  no  very- 
great  depths  for  we  have  seen  that  already  at  mnch  lower  temperatures 
auric  chloride  effects  the  separation  of  gold  from  auroauric  sulphide 
solutions. 

(3)  That  the  formation  of  pyrites  has  taken  place  in  strata  nearer 
the  surfsbce  than  those  in  which  the  formation  of  gold  took  place,  for  it 
is  necessary  to  assume  that  the  mineral  acids  which  are  formed,  when  ^ 
gold  is  separated  out  by  sulphureted  hydrogen  from  gold  chloride* 
solution-,  had  to  be  first  neutralized  by  the  bases  of  strata  of  consider- 
able thickness  in  order  to  make  possible  the  formation  of  pyrites  by 
the  action  of  sulphureted  hydrogen  on  ferric  oxide. 

In  connection  with  this  investigation  I  have  tried  the  action  of  high 
pressures  on  some  colloidal  solutions. 

A  colloidal  solution  of  ferric  hydrate  (0*64  per  cent  PjOj)  was  sub. 
jected  at  temperatures  of  17^  and  of  lOOo  to  a  pressure  of  1,700  atmos- 
pheres. No  visible  action  was  observed.  A  colloidal  solution  of  silicic 
acid  (1*22  per  cent)  also  remained  at  17o  and  at  100°  under  the  same 
pressure  entirely  unchanged. 
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THREE  MINEKALS  FROM  COLORADO. 

[Collected  by  Whitman  CroHs,  analyxed  by  L.  O.  Ralcins.] 

A.  Heulandite,  from  Anthracite  creek,  Gunnison  county. 

B.  Diaspore,  from  Mount  Bobinson,  Cuater  county. 
0,  Alunite,  from  Knickerbocker  hill,  Custer  county. 


SiO,  •. . 

Al/), 

Fe,0, . 

CftO... 

MgO.. 

K,()... 

Na,0. 

fcO... 

SO,... 


Sp.gr. 


Heuland-lpj^j^^^ 


57-;i8 

17-18 

trai'e 

8-07 


Alunite. 


«J-97 


•40 

•82 

18-27 


100-12 
2-24,  210 


2-82 
38.91 


90-40 


•35 
trace  i 
403 
4-32 
1303 
35-91 


99-37 


YELLOW  SMITHSONITE  FROM  ARKANSAS. 
[Collected  in  Marion  county  by  W.  P.  Jontiey,  and  analyzed  by  H.  N,  Stokes.] 

Bright  golden  yellow  in  color.    Takes  a  fine  polish.     Known  locally 
as  "  turkey -fat  ore." 

SiOi ; : 06 

COa 34-68 

Cu trace 

CdS -25 

CdO -63 

ZuO : 6412 

FcO 14 

CaO -38 

XOO-26 
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ROCKS  AND  CLAYS  FROM  THE  ZIN(^  RKlrlON  OK  MISSOURI  AND  KANSAS. 

((;oIl«»ct6<l  by  W.  P.  Jfuncy.l 

First.  Two  dolomites  from  tlie  Oswego  laud,  Jopliii,  Missouri. 

f  AdmIvkwI  )>y  L.  (t.  Eakins.] 


CaO 

Mk<) 

Insolnble 

CO,  (calcul  itcd^ 


A, 

B. 

Jl  4tt 

•iH-72 

14-79 

17-2« 

1-32 

1  ua 

29  77 

nm 

3«13 

41-55 

lW-47 

100-22 

Second.  Seven  cherts. 

A.  Partly  altero<l,  from   East  Hollow,   Belleville,   Jii>si)er   county, 
Missouri. 

B.  Altered  to  "cotton  rock,"  saxne  locality. 
i  J.  Unaltered,  "same  locality. 

D.  Surprise  mine,  Joplin,  Missouri. 
B,  F.  Bonanza  shaft,  Galena,  Kansas. 
G.  Altered,  same  Focality. 

[Analyzi'd  l»y  K.  \.  S4-liueMler.] 


SiO, 

AltOa,  FejOj- 

CaO 

MgO 

IfiT" 


t 


A.    ; 

h. 

0. 

V. 

98-9-^  ' 

98-71 

98-17 

09-46 

•4H| 

A'.l  . 

•h;j 

•29 

■Wi  1 

•o:{ 

•05 

-i)4 

.02 

•UU  j 

•01 

trar^^ 

-42 

-."iO  I 

-78 

-;{4 

99-«7 

9909 

99-84 

100-13 

E, 


Y. 


(;. 


SiO, 

Al,0„Fo«0,. 
(JaO 


99-23  i     98-00  '     99- 13  | 


-"I 

02 

i  MgO trace 

Ign 50 


•52  ! 


ice 


9-97  i     09-G2  I     99.50 
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Third.  "  Jasperite"  and  "trlpoli." 

A.  Jasperite,  from  Joplin,  Missouri. 

B.  Jasperite,  from  Galena,  Kansas. 

0,  D.  Tripoli,  from  Seneca,  Newton  county,  Missouri. 

{ Aiialysea  by  L.  G.  Eaklns.] 


SiOi 

Al|Oi,  Fe,0, 

CaO 

MgO 

H,0 


95.77  ,     »7-33 


1*84 
•54 
■24 

117 


1*89 
•11 
•09 
•77 


98.29 
•62 
•09 


98*93 
•63 
.04 


99-56      100- 19 


100-11 


100-28 


Fourth.  Eleven  "  tallow  clSys." 
A,  B",  C,  D.  From  Joplin,  Missouri. 
E.  From  Aurora,  Missouri. 


[Analyzed  by  T.  M.  Chatoid.; 


Ign 

Insoluble 

Solnble  Al^O,. 
Soluble  FejOa. 
Soluble  ZnO . . 
k>luble  CaO.. 
Soluble  MgO . 


I 


A. 

B. 

C. 

I). 

•E. 

17-19 

16-74 

17-63 

1696 

16-96 

40-64 

4307 

39-34 

3962 

34.04 

5-72 

7-60 

617 

945 

1001 

1-30 

112 

1-16 

153 

3-62 

32-46 

2943 

34-28 

33-55 

33-49 

1-80 

1.70 

2.13 

1.77 

209 

.27 

•32 

•27 

•30 

•25 

99-38 

99-98 

10098 

10017 

100.46 

F.  Cave  Springs  mine,  Jasper  county,  Missouri. 

G.  Coon  hollow,  Boone  county,  Arkansas. 
H.  Great  Western  mine,  Granby,  Missouri. 
I,  J,  K,  Woodcock  mine,  Granby. 

[AnalyscH  by  H.  N.  Stokes.] 


F. 


O. 


H. 


Ign 

Insoluble 

Soluble  A1,0, 
Soluble  FexOs 
Soluble  ZnO. 
Soluble  OaO.. 
Soluble  MgC) 


10-37 

8-36 

51-64 

47-20 

7-38 

6-34 

1034 

4-40 

1436 

30-50 

1-55 

1-91 

•35 

-75 

95-98 

99-46 

8-22  I 
44-14  I 
10-78  ' 

3-89 
29-54  : 

2-65 
•90 


7-99 
3912 

8-21  I 

2-75 
38-59 

277 
•78 


100^12      100-21 

I 


J. 

K. 

919 

752 

44-79 

4003 

8-93 

6-46 

5-98 

3-49 

26  23 

38-90 

201 

2-56 

-46 

•42 

9750 

100-28 

In  these  analyses  the  terms  insoluble  and  soluble  refer  to  solubility 
of  the  material  in  aqueous  hydrochloric  Jicid, 
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TWO  FELDSPAKS. 
[Separated  from  the  rlieolite-sjreuite  uf  Litohflcld.  Maine,  by  \V.  8.  Bayley ;  analysed  by  W.  H.  Mel* 

vuio.; 


H,0.. 
SiO,.. 
A1.0,. 
FeO  .. 
CaO  .. 
MgO.. 
K,0.. 
NaaO. 


Sp.  gr.,  2-66. 

on.  KF., 
2-622. 

•17 

•00 

6614 

6828 

1819 

l»-62 

•25 

•23  1 

•33 

•31 

•16 

•09 

1414 

39 

1-68 

1081 

100-oe 

99-82 

SIX  SANDSTONES. 

A,  B,  0.  "Peebles-Henley  stone,''  from  Portsmouth,  Ohio. 

[Analysed  by  H.  N.  Stoker.    Alkaliee  probably  present,  but  not  soaght  for.] 


SiO,.. 
AlaO,. 
Fe,0,. 
FeO  .- 
MgO.. 
Ign... 


A. 

B. 

9040 

89-32 

516 

5-52 

•65 

•87 

•27 

•35 

•28 

•51 

•99 

149 

c. 

8712 

5-96 

■85 

•85 

73 

200 


97-74  I     9806  I     07-51 
Insoluble  iu  HCl 0800       96-90       96-52 


D.  Brown  sandstone,  Hummelstown,  Pennsylvania. 

E.  Potsdam  sandstone,  Sauk  county,  Wisconsin. 

F.  Banded  sandstone,  Peoa,  Utah. 

[Analyses  by  E.  A.  Schneider.] 


SiO,.. 
Al,0, . 
Fe,0, . 
FeO  .. 
CaO  . . 
MgO.. 
K,0  .. 
Na,(). 
H,0  .- 


I      B. 


I  •" 


88-13  I     Oe-42 
5-81 
177 

•31 

•20 

•53 
2-63 

•06 

•49 


06-60 
202 


99-93  i     09-91        99-14 


•04 
•08 


•40 


Bull.  90- 
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SEVEN  MARBLES   AND  DOLOMITES. 


A  aud  B.  Prom  Happy  valley,  Georgia. 
C.  From  Eutland,  Vermont. 


[AnalyBefl  by  L.  6.  Kaktas.) 


CaO 

MgO 

AWOf 

yeO 

CO, 

H,0 

Insoluble . 


A. 

B. 

C. 

5301 

53-00 

50-70 

•83 

■83 

trace 

•17 

•15 

■30 

•05 

■06 

•14 

4316 

4313 

39-80 

•13 

•17 

101 

.1-84 

201 

800 

10000 

10004 

10013 

AruUifaet  of  porHoti  insoluble  in  hydroehlorie  acid. 


I 


C. 


sto,. 

Al,Oa 
FeO. 
CaO. 
MgO. 


68-21 

55-48 

56-60 

7-37 

15-58 

31-16 

•31 

trwcr 

2-13 

1253 

14-52  1 

2-68 

20-42 

12-88 

3-27 

08-84 

08-46 

05  03 

D.  Marble  from  I^ee,  Massachusetts. 

E.  Compact  gray  limestone,  from  Greason,  Pennsylvania. 

F.  Dolomite,  from  Cockeysville,  Maryland. 

G.  Crystalline  limestone.  Eureka,  Nevada, 


[Analy8(*«  by  £.  A.  Sohuclder.] 


D. 


CaO 

MgO 

Al,0>,F©,O,  .... 

CO,.., 

H,O,105o 

Insoluble 

Organic  matter . 


21-42 

■24 

46-72 


•10 


E. 


3026 
0-00 


38-82 
-18 

11-07 
•75 


00-45        00-08 


F. 


G. 


r 


20-08        3060  I 


2030 

•40 

44-26 


5-57 


00-61 


21-« 


47-13 


0005 


NINE  ROCKS  FROM   MARYLAND. 
[Collected  by  (}.  U.  WUllams;  anal^wed  by  W.  F.  llUlobraiid.] 

A.  Granite,  from  Guilford. 

B.  Granitite,  tSykesville. 
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C,  Homstone,  from  contact  with  limestone,  SykcHville. 

D.  Dissolved  inclnsion,  SykesviUe. 


SiO,. 
A1,0, 
FeA 
FeO. 
CaO. 
MkO. 
K,0. 
Na,0 
H,0. 


A.      I 


72-57  ' 

71-45  1 

«702 

47-35 

1611  . 

14-30  1 

13-77 

20-76 

■59 

307  ' 

464 

2-94 

102 

2-78  1 

102 

315 

1-65  , 

1-58  ; 

1100 

2-20 

•30  : 

1-17  ■ 

-65 

1-60 

4-33  , 

3-28  1 

-00 

6-83 

3»2  , 

1-05  1 

•66 

2-S4 

.47! 

1-30  1 

116 

.     315 

99-96        99 


94  I    100-10  j     00.82 


B,  F,  G.  Granitites. 

H,  I.  Gneisses. 

B.  From  Woodstock,  the  remainder  from  Dorsey's  run. 


SiO,. 
A1,0, 

r©o-. 

CaO.. 
MgO. 

NajO 
H,0., 


71-79 

1500 

•77 

112 

2-50 

-51 

4-75 

309 

•04 


10017 


F. 

62-91 

1913 

-98 

3-20 

4-28 

1-60 

3-38 

3-94 

•63 


100-14 


G. 

70-45 

150K 

•75 

1-84 

2-60 

•77 

3-59  i 

3-83 

•45 


H. 


1 


100-28 


:i7-33  I 

15-31  I 
3-39 

810  ! 

3-95  I 

4-36  : 
4-57 
1-22; 

180  , 


48-92 
16-57 
4-21 
918 
9-69 
5-08 
1-56  I 
2-47 
1-68 


10012      100-26 


Manganese  and  traces  of  lithia  present  in  all.     SrO  and  BaO  not 
looked  for.    TiOj  and  P2O5,  if  present,  are  included  with  the  alumina. 

ERUPTIVE  BOCK  FROM  KENTUCKY. 

From  a  dike  in  Crittenden  county. 

[Analyzed  by  W.  F.  Hillobrand.    Material  dried  at  lOQo.] 

SiO, 3384 

TiOj 3-78 

AlaO» 5-88 

CrjO, 18 

Fe^Oa 704 

FeO 516 

MnO 16 

NiO 10 

CoO traco 

CaO 9-46 

BaO 06 

MgO 22-96 

KgO 204. 
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NftsO • -33 

HiO 7-50 

P,a 89 

CI 05 

CO, 13 


FOUR   GRANITES   FROM   MISSOURI. 

From  NE.  i  Sec.  (J,  T.  33,  K.  5  E. 

[AnalyaeH  by  W.  H.  Melville.] 


SiO, 

Ti<i 

I'iO, ^... 

AUO, 

FciO, 

i\<) 

NiO 

MnO 

CaO 

MgO... 

Na,0 

K,0 

HjO,  300" 

HjO.  ignition  . 


•25 

•13 
1519 
1-88 

•60 
trace 

•03 
115 

•92 
3-95 
4-29 

•14 

•85 


99-32 


B. 

72-35 

-44 

•13 

13-78 

1-87 

•3C 

•20 

■06 

•87 

•42 

4- 14 

449 

-22 

•54; 

1 

99-87  i   100- 04 


c. 

1). 

7133 

71-88 

•55 

•22 

•16 

•15- 

12-55 

1288 

3-75 

305 

•86 

105 

•15 

•02 

-04 

trace 

•94 

113 

•58 

•33 

4-52 

4-21 

420 
•12 
■30 


4-46  ; 

-17  ! 
-26 


99-86 


99-81 


THREE  ROOKS  FROM  MINNESOTA. 

A.  Hypersthene  gabbro  from  SE  J  Sec.  20,  T.  65  N.,  E.  4  W.  • 

B.  Olivine  gabbro,  SE.  J  Sec.  19,  T.  63,  R.  9  W.  - 

0   Olivine  gabbro,  S.  quarter  post,  Sec.  35,  T.  61  N.,  R.  13  W. 

[Anayliseii  by  H.  N.  Stoken.] 


SiO, 

TiO, 

P,0. 

A1,0, 

FcjO, 

Cr,0, 

I  FeO 

'  NiO 

I  MnO 

'  CaO 

MpO 

KtO 

Na^O 

n,o,  1050 

H,0,  above  1050. 


A. 

B. 

46-96 

45-86 

-62 

•92 

•03 

■05 

1413 

1644 

•76 

•66 

traco 

trace 

14-95 

13-90 

•06 

-16 

•93 

trace 

2-32 

7-23 

15-97 

11-57 

1-08 

•41 

•35 

2-13 

•07  \ 
1-26  ' 


loom)  I  io()-o3 


c. 

46-45 

1.19 

•02 

2130 

•81 


9-57 ; 
•04 ; 

trace  | 
9-83  I 
7-90  [ 

•34  ! 
2  14 

•14 
102 


100-75 


Digitized  by  LjOOQIC 


CLABKR.] 


MISCELLANEOUS   ANALYSES. 
BOCKS   FKOM   cBlOBADO. 


69 


A,  B,  C.  Tliree  rocks  from  Guniiisou  couuty;  A,  Mount  Marcelliiia; 
B,  Storm  ridge;  C,  Mount  Carbon. 

[Aiialy.seH,A  an<l  C  by  T.  M.  CfaaUrd;  B  by  L.  G.  Eakins.] 


SiO, f.. 

TiU, 

P.O, 

A1,0, 

Fe,0. 

FeO 

MnO 

BaO 

c»o 

MrO 

K,0 

Na,0 

H,0.  l(fif» 

H,0.  igniti4»ii  . 


A. 

62-85 

•41 

-48 

16-21 

308 

1-46 

•15 

•11 

4-72 

1-47 

3  16 

349 

•29 

2^03 


I     tt9-85 


B. 

61-42 

•37 

•14 

1769 

4-24 

1-74 

•19 

•09 

6-29 

1-81 

319 

8-14 

!       97 


65.36 
•52 
•26 
15-48 
3^09 
121  I 
-19  ' 
•08  i 
414 
1-53  I 
3-41  ! 
3^58  I 


100-28      100-36  ' 


D.  Ehyolite  from  Mount  Robinson,  Custer  county. 

[Analyiiia  by  L.  G.  Eakiiu.    CoBtainH  mnob  diaApore.] 


SU),.. 

A\^. 

CaO.. 

MgO. 

K,0.. 

Na«0. 
'  H,0 . . 
1  SOj... 


D. 

60'67 

13-72 

•07 

traro 

244 

•3-t 

473 

927 


lUO-'^ 


E,  F,  G,  H,  I.  Splieinlites  from   Custor  county;    E,  G,  IT,  from 
Rosita;  F,  I,  from  Silver  dift*. 

[AnalyaeB  by  L.  G.  Eakins.] 


E. 


SiO, I  7447  I 

CaO -51  j 

yifiO trace  I 

K,0 746' 

NaaO 210  j 

H,0 1  188  I 


100-29 


— 

F. 

G. 

83-91 

8061 

951 

10-94 

•19 

•26 

trace 

•09 

50C 

302 

•62 

290 

•69 

220 

10001 

10002 

I 


79-21 

12  24 

•43 

•11 

526 

2-58 

■06 


100-49 


78^77 

12-46 

•34 

•09 

584 

212 

•70 


10032 
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ROOKS  FROM  MONTANA. 

Received  from  G.  P.  Merrill.  A,  from  hills  northwest  of  Red  Bluff; 
B,  between  Antelope  and  South  Bowlder  creeks;  C^  hills  east  of  South 
Bowlder  creek;  D,  near  North  Meadow  creek;  B,  near  North  Meadow 
creek;  F,  northwest  of  Red  Bluff. 

[AnalyziMl  by  L.  G.  Kakinii.] 


SiO,  . . 

TK),.. 

A1,0,. 

Cr,0, 

Fe,0,. 

FeO... 

MnO.. 

NiO... 

CaO  .. 

MgC. 


A.      I 

48-96 

■81  t 
5-60 
•05  I 
1-20 
1211  ] 

•«. 

-,6 
5-33  ' 
2:{-49  ' 


B. 


BaO trace 


KiO  .. 

H,0.. 
PfOs. 
S 


•79 

X-58 

■18 

•12 


50-82 

■59  j 
11-44  i 
•03  I 
•25 
8.94 
•19 
trace  " 
8-14  I 
1401  1 
■06' 
3-45 
1-79 
•58 
•20 


100-54      100-49      100-28 


C.     I 

-  --  I 
5«-03  I 

■61 
1408 
trace 
2-92 
611 
.08  : 
trow'.  i 
746  ' 
1073  ' 
.04  I 
2-64  I 
1-46  ' 
3-70 
•42 


1). 


4613 

•73 

469 

•04 

.73 

J6-87 

trace 

•09 

441 

2517 

trace 

trace 

•08 

1-38 

■07 

'24 


51-83 

•29 

7-98 

.31 

148 

8-28 

trace 

•11 

526 

2410 


&948 


I 


10063      100*43 


16-37 

.03 
321 
317 

•19  I 
trace  ^ 
4-88 
329  I 

•13  , 
281 
3.30  I 
201  1 

•41  ' 


100-21 


Rock  and  separations  from  top  of  Square  butte,  Bear  Pawlnountains. 

[Analyses  by  W.  H.  Melville.] 


Rock. 

Horn- 
blende. 

%S: 

49-54 

SiO, 

56-45 

•29 

•13 

•43 

2008 

131 

439 

trace 

•09 

214 

•63 

5-61 

713 

-26 

1-51 

38-41 

41-56 

TlOa 

P-0* 

CI 

4-79 
29-48 

167 
2507 

Al,(), 

1765 
375 

2175 

trace 
•15 

10*52 
2-54 
295 
195 

Fe«Os 

FeO 

.49 

•40 

NiO 

MuO 

CaO 

-49 
•15 
19-21 
•91 
•45 
3-73 

•22 

.20 

15-32 

MeO 

NatO 

K,0 

'89  ' 

H,0,  100° 

undet   ' 

H,0,  above  100°  

•24 

nndet.  j 

Less  O— CI 

100.45 
•10 

9991 

101-26 
108 

93-31  1 
•38 

100-3^ 

100-18 

92*93  1 

I 
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Two  rocks  from  the  Crazy  mountains:  A,  theralite,  Gordon's  bntte; 
B,  porphyritic  theralite.  Elbow  creek. 

[Analyzed  by  R.  A.  Schneider.] 


SIO, 

A1.0, 

FeA 

FeO 

CaO 

MgO..!... 

MnO 

K^ 

Na,0 

HiO,  105°  . 
H,0.  Ign.- 


A. 

44-31 
17-20 
4-64 
3-73 
10-40 
6-57 
-10 
3-64 
4-45 
•77 
3-30 


I 


99-11 


47-67 
18-22 
3-65 
3-85 
803 
6-35 
•28 
3-82 
4-03 
•38 
2-97 


100-15 


Four  rocks  from  the  Crazy  mountains:  A,  green  dike  parallel  to 
theralite;  B,  divide  between  first  and  second  large  creeks  west  of 
Smith's;  C,  Peaked  butte;  D,  green  dike  north  of  long  Jheralite  dike. 

[Analyzed  by  W.  H.  Melville.] 


SIO, 

Ti0» 

PfO* 

A1.0».... 
Fe,0,.... 

FeO 

MnO 

CaO 

MgO 

Na^O 

K,0 

H,0,  105^ 
fl«0,  ign . 


A. 

~ — i 

5H-70 

traco 

•10 

19-26 

3-37 

•58 

-10 

1-41 

-76 

8-55 

4-53 

•07 

2.57 

10000 


B. 

C. 

D. 
64-33 

62-17 

50-66 

trace 

trace 

traco 

•11 

•14 

trace 

18-58 

16-97 

17-52 

215 

318 

306 

1-05 

115 

•94 

trace 

•19 

-35 

1-57 

2.32 

-56 

-73 

•80 

-34 

7-56 

8^38 

7-30 

3-88 

4-17 

4-28 

-07 

-07 

.04 

1-63 

2-53 

•95 

99-50 

99-56 

9907 
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R0GK8  FROM  ARIZONA. 

A  series  of  four  from  the  Santa  Maria  basin. 

[Analysed  by  W.  F.  HUIebrand] 


[mttj.  M. 


Sirt, 

TiO, 

AltO. 

Fe,0, 

FfO 

MdO 

(NiCo)O 

CaO 

SrO 

BaO 

MjK) 

K,0 

Na,0 

HjO,  100° 

HsO.  above  100^ 

PfO. - 

CI 

Li,0 


1.  ' 

2. 

3. 

4. 

49-36 

65-35 

57-04 

57^48 

•98 

•87 

•94 

•94 

16-35 

1271 

1366 

14-09  1 

2-93 

4-67 

4-96 

5-21  \ 

8-55 

208 

^■77 

1.35 

•19 

.08 

•17 

•09 

.06 

■06 

•07 

•08  ; 

10.08 

B-77 

6-23 

605  1 

none 

trace 

trace 

trace  • 

•04 

•19 

•22 

•23 

706 

629 

4-43 

3  49. 

'82 

4-86 

4-95 

4  69  . 

2-67 

2-65 

308 

300  1 

•22 

2-67 

in 

120 

■65 

118 

110 

i-:t7 

•30 

•58 

,      -63 

•66 

undet. 

nndet. 

nndet. 

nndet. 

none 

trace 

trace  (?) 

none  , 

100-25 

99-98 

100-36 

^99-92 

ROOK  FROM*  EUREKA,  NEVADA. 

An  andesitic  pearlite. 

[Analysis  by  W.  H.  Melville.] 

SiOa 6513 

TiOi -58 

hos : -23 

ALOa 15-73 

FeL^Oa 2-24 

FcO 1-86 

NiO :...  07 

MnO : trace 

CaO 3-62 

MgO 1-49 

KiO 3-96 

NaaO 2-93 

H2O,  105° -52 

HiO,  abovel05c 1-91 

100-27 
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Three  from  Mount  Diablo:  A,  diabase,  »omewhat  altered;  B,  dia- 
base, fresh ;  C,  pyroxenite. 

[AnAlyzed  by  W.  H.  MelviUo.j 


SiO, 

TiO, 

P,0. 

A1,0, 

Cr,0, 

F«,0, 

FeO 

NIC 

MdO 

GiO 

MgO 

NojO 

K,0 

H,0,  lOOo 

H,0,  above  100« 


51-58 

105 

•24 

U-99 


1 


5206 
•47 
•13 

14-34 


2-04 
8-36 


2- 11 
7-74 


rac« 

tnwe 

H-59 

HOT, 

6-51 

920 

308 

1-74 

■31 

•73 

•34 

•59 

2-67 

2-90 

53-25 
trace 

2-80 

•54 

•60 

5-93 

•07 

-09 

1622 

1991 

•19 

trace 

•05 

•24 


9976 


10012  , 


9i)'aH 


Four  collected  by  H.  W.  Turner:  A,  Table  mountain,  basalt,  Tuo- 
iimne  county;  B,  basalt,  Plumas  county;  C,  dolerite,  Plumas  e^mnty; 
>,  quartz  porphyrite,  Plumas  county. 

[Analyawl  by  W.  F.  Hillobraml] 


SiO, 

TIO, 

A1,0« 

Fe,0, 

FcO 

MaO 

CaO 

BaO 

MgO 

K,0 

Na,0 

H,0,  lOOo 

H,0,  above  lOOo. 

P.O5 

COj 

PeS« 


A.        I 

58- 19  , 
•69  ' 
10-76 
305 

4- 18 ; 

•10  I 
6r»3  i 

•19 

3-79 

440 

2-53  I 

•34  ' 

•66 

•55 


D. 


10002 


5:«-91 

•52 

17-95 

2-21 

4^80 

•10 

10-40 

.05 

5-52  I 

1-34 ; 

290 
•20 
•20 
•21 


73^25 
trace 
13-26 


1-74 

trace 

2  23 

trace 

•28 

379 

2-09 

•07 

103 

trace 

1.05 

•58 


99-81 


100-31 


99-96  I 


Alao  trai^eH  of  litkia  and  atroutia. 
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Prom  the  Mount  Morfrau  gold  mine.    Analyze^l  for  comparison  vrith 
the  sinters  from  the  Yellowstone  National  Park. 

[Analysifi  by  E.  A.  Schneider.] 

SiOi 9402 

AUOs^Fe^Oa 227 

CaO -07 

KgO traco 

H,O,105^ 107 

HgO, ignition  .../ 229 


99-72 


TWO   CLAYS  FROM  FLORIDA. 

A,  from  Tampa;  B,  f^om  Lakeland. 

(Analyses  by  L.  G.  Eakins.] 


Si0» 

Al,0,  +  Fe,0,. 

CaO 

H,0 


A. 


70-78  I  80-3» 

11-33  i  1503 

218  1-22 

U-55  4S4 


98-84  I 


100*98 


IRON  ORES  FROM  WEST  VIRGINIA. 

[Analyses  by  H.  N.  Stokes.] 

First,  from  Cherry  run,  near  the  Potomac  river. 

HA  105°. -81 

Fe , 5016 

Mn 04 

S 06 

P -80 

Infiolnble 1443 

Second,  a  series  from  Tazewell  cx>unty. 


Moisture.  105°  . 

F© 

Mn 

S 

P 

Insoluble ^ 


Taylor. 

1-07 

36-81 

5-42 

•00 

•04 

2619 


Hornets 
Nest. 


1-59 
56-48  ' 

•47  I 

•Wl 

108  I 

1^85  I 


Dial 
Rock. 

Botilder. 

Adds 
Ridge. 

110 

317 

1-24 

5401 

5607 

40-75 

•26 

trace 

'09 

•25 

•08 

•95 

•91 

trace 

4-26 

2-63 

3237 
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From  the  Thomas  Ydn,  Davis.    A,  upper  coal;  B^  middle  coal;  C^ 
lower  coal;  D,  48-hour  coke;  E,  72-hour  coke. 

[Analyses  by  L.  G.  EaUns.] 


Fixed  carbon 

Volatile  hydrocarbons 

Moisture 

Ash 

Snlphnr 

Phosphoms 


A. 

B. 

,.. 

I). 

«•        ' 

66-60 

65-90 

72-76 

8708 

90-06  1 

22-87 

23-88 

22-90 

•95 

116 ; 

•64 

•68 

•96 

•23 

•15 

10-89 

945 

8-38 

11-74 

864, 

10000 

10000 

100-00 

10000 

10000 

•64 

1-89 

•59 

•63 

•70 

•06 

•02 

-01 

•06 

.04| 

TWO  COALS  FROM  UTAH, 

Ay  Little  Cottonwood  gulch,   near  Salt  Lake  city;    B,  Wasatch 
aountains. 

[Analyses  by  L.  G.  Eakins.] 


A. 

B. 

Fixed  carbon 

85-83 
715 
2-98 
404 

42-81 

24  60 

25-57 

7-02 

Volatile  hydrocarbooH 

Moisture 

Ash 

10000 

10000 
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RECORD  OF  NORTH  AMERICAN  GEOLOGY  FOR  1890. 


By  Nelson  Horatio  Daeton. 


INTRODUCTORY. 

This  work  is  the  continnation  of  the  record  for  1887-1889,^  inclnsive, 
and  inclades  pablications  received  during  the  year  1890. 

The  literary  scope  of  this  record  includes  geologic  publications 
printed  in  Korth  America,  and  publications  on  North  American  geology 
wherever  printed.  Purely  paleontologic  or  mineralogic  papers  are  not 
included. 

The  entries  are  comprised  in  the  three  following  classes,  all  arranged 
in  a  single  alphabetic  sequence : 

I.  Principal  entries, — Consisting  of  full  titles  of  separate  contribu- 
tions classified  by  authors,  together  with  an  abbreviated  reference  to 
the  containing  publication  and  a  short  note  descriptive  of  the  geologic 
contents.  Imprint  dates  are  given  only  when  other  than  1890,  and 
size  of  page  when  other  than  octavo.  The  extent  of  papers  less  than 
a  page  in  length  is  indicated  thus :  ^  p.,  |  col.,  3  lines. 

II.  Titles  of  containing  pid>lications.— Entered  as  headings  under 
which  authors'  names  and  short  titles  of  the  contained  papers  are  listed 
in  their  order  of  precedence. 

III.  Subject  references, — Each  consisting  of  a  condensed  title  of  paper, 
and  the  author's  name  for  cross-reference  to  a  principal  entry.  These 
are  essentially  index  references,  but  they  are  entered  under  a  limited 
number  of  headings,  of  which  a  classified  key  is  given  below. 

iBiiltotIn  U.  S.  GeoL  Survey,  Ko.  75,  pp.  178.   WMhlBgton,  1891. 
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CLASSIFIED  KEY  TO  THE  SUBJECT  ENTRIEa 


(1)  GEOGBAPHIO    SUBJECTS. 

Alabama. ' 

Alaska,  and  the  other  States  and  Territories. 

Africa. 

Asia. 

Canada  (including  all  of  British  Columbia). 

Central  America. 

Europe. 

Hawaiian  Islands. 

Mexico. 

South  America. 

(2)  STBATIOBAPHIO  SUBJECTS. 

Archean  and  Algonkian,  with  sub-headings  as  follows: 

Eastern  Canada. 

Lake  Superior  to  Lake  Huron  region. 

New  England. 

New  York  to  Georgia. 

Western  United  States. 

Nomenclature. 
Cambrian,  with  sub-headings  as  follows : 

Canada. 

New  YfiTk  and  New  England. 

Pennsylvania  to  Yirginia. 

Illinois. 

Great  Lakes  region. 

Western  United  States. 

Nomenclature. 
Carboniferous  (including  Permian),  with  sub-headings  as  follows: 

Canada. 

New  England. 

Appalachians  to  the  Mississippi. 

Iowa,  Missouri,  Kansas. 

Arkansas  to  Mexico. 

Bocky  Mountain  region. 

Arizona. 

'Central  America. 

California. 
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Cretaceous,  with  sab-headings  as  follows: 

Atlantic  Ooast  region. 

Canada. 

Great  Plains  and  Bocky  Mountain  region. 

Texas  region. 

Mexico. 

Kentucky. 

Pacific  coast. 

South  America. 
Devonian,  with  sub-headings  as  follows: 

Alabama. 

Oanada. 

Central  America. 

England. 

Illinois. 

Iowa. 

Kentucky. 

Maine. 

Massachusetts. 

New  Jersey. 

Hew  York. 

Ohio  and  Indiana. 

Pennsylvania. 

Tennessee. 

Virginia  and  Maryland. 

Western  United  States. 

Nomenclature. 
Jura-Trias,  with  subheadings  as  follows : 

Canada. 

Central  America. 

Newark  formation  (Connecticut  to  North  Carolina). 

Western  United  States. 

Nomenclature. 
Pleistocene,  with  sub-headings  as  follows: 

Alaska. 

Appalachians  to  Mississippi  basin. 

Atlantic  Coast  region. 

Central  America. 

General. 

Great  Lakes  region  and  eastern  Canada. 

Mississippi  bfusin  to  Bocky  Mountains. 

Bocky  Mountains  to  Pacific  coast. 

Western  Canada. 
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Silurian^  with  sub-headings  as  follows : 

Appalachians  (Maine  to  Alabama). 

Canada. 

Central  and  Western  States. 

Nomenclature. 
Tertiary,  with  sub-headings  as  follows : 

Atlantic  Coast  plain. 

Oulf  States  (Florida  to  Texas). 

Arkansas  to  Kansas. 

British  Columbia. 

Central  and  Western  United  States. 

California  and  Oregon. 

Mexico. 

Central  America. 

South  America. 

(3)  OTHER  SUBJECTS. 

Geologic  philosophy,  with  sub-headings  as  follows : 

Petrology. 

Glaeiology. 

Physiographic  geology. 

Earth  crust  deformation. 

Chemical  and  chemioo-organic  deposition. 

Geologic  climate. 

Yolcanism. 

Miscellaneous. 
Petrography. 
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UST  OP  PUBLICATIONS  EXAMINED. 


American  Aoadeiny  of  Arta  and  Sciences,  Proceedings,  vol.  24. 

American  Association  for  the  Advancement  of  Science,  Proceedings,  vol.  38.  ^  Salem, 

Mass. 
American  Geologist,  vols.  5,6.    Minneapolis,  Minn. 
American  Journal  of  Science,  3d  series,  vols.  39, 40.    Kew  Haven,  Conn. 
American  Mnsenm  of  Natural  History,  Bulletin,  vol.  *2,Nos.  3,4;  vol.  3,  No.  1,  pp. 

1-194.    New  York,  N.Y. 
American  Naturalist,  vol.  23,  November  and  December;  vol.  24.    Philadelphia,  Pa. 
American  Philosophical  Society,  Proceedings,  vol.  27,  No.  131 ;  vol.  28,  Nos.  VS2-VM, 

Philadelphia,  Pa. 

Transactions,  vol.  16,  new  series,  part  3.    Philadelphia,  Pa. 

Appalachia,  vol.  6,  Nos.  1, 2.     Boston,  Mass. 

Boston  Society  of  Natural  History,  Proceedings,  vol.  24,  pp.  355  to  end ;  vol.  25,  pp. 

1-80.    Boston,  Mass. 
British  Association  for  the  Advancement  of  Science,  Report  of  fifty-ninth  meeting. 

London. 
California  Academy  of  Science,  vol.  2.    San  Francisco. 

California,  State  Mineralogist,  Ninth  and  Tenth  Annual  Reports.    Sacramento. 
Canada,  Geological  and  Natural  History  Survey,  Annual  Report,  new  series,  vol.  3, 

1887-'88,  2  parts.    Montreal. 
Canada,  Royal  Society,  Transactions,  vol.  7.    Montreal. 
Canada,  Report  of  Commission  on  Mineral  Resources  of  Ontario. 
Canadian  Institute,  Proceedings,  3d  series,  vol.  7.    Toronto. 
Canadian  Record  of  Science,  vol.  3,  Nos.  7,8;  vol.  4,  Nos.  1-4. 
Cincinnati  Society  of  Natural  History,  Journal,  vol.  12,  No.  4;  vol.  13,  Nos.  1-3. 

Cincinnati,  Ohio. 
Colorado  Scientific  Society,  Proceedings,  voL  3,  part  2.     Denver. 
Connecticut  Academy  of  Arts  and  Sciences,  Transactions,  vol.  8,  part  1.    New  Haven. 
Denison  University,  Scientific  Laboratories,  Bulletin,  vol.  5.    Grauville,  Ohio. 
Deutsche  geologische  Gesellschaft,  Zeitsohrift,  vol.  40,  No.  4 ;  vol.  41,  Nos.  1-3.  Berlin. 
Edinbnxgh  Geological  Society,  Transactions,  vol.  6,  parts,  1, 2.    Edinburgh. 
Elisha  Mitchell  Scientific  Society,  Journal,  18S9,  part  2;  1890,  part  1.    Raleigh,  N.  C. 
Essex  Institute,  Bulletin,  vol.  21,  Nos.  7-12 ;  vol.  22,  Nos.  1-6.    Salem,  Mass. 
Engineering  and  Mining  Journal,  vol.  49, 50.    New  York. 
Forum,  1890.    New  York. 

GeologiciA  Magazine,  new  ser.,  decade  iii,  vol.  7.    London. 
Geological  Society  of  America,  Bulletin,  vol.  1.    Wash  ington,  D.  C. 
Geological  Society,  Quarterly  Journal,  vol.  46.     London. 
Geologiska  Foreningens  i  Stockholm,  Forhandlingar,  vol.  11,  Nos.  5-7;  vol.  12.  Nos. 

1-4. 
Georgia,  Bulletin  Experiment  Station,  1*^90. 
Harvard  College,  Museum  of  Comparative    Zoology,  Bulletin,  vol.  16,  Nos.  5,7,8; 

vol.  17,  No.  6;  vol.  18;  vol.  19,  Nos.  1-4;  vol.  20,  Nos.  1-5,7. 
Iowa  Academy  of  Science,  Proceedings,  188  7-^89. 
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Iowa  State  University,  Laboratories  of  Natural  History,  Balletin,  vol.  1,  Nos.  2-4; 

vol.  2,  No.  1.    Iowa  City. 
Johns  Hopkins  University,  Cironlars,  Nos.  78-84.     Baltimore,  Md. 
Kansas  Academy  of  Science,  Transactions,  vol.  12,  part  1.    Topeka. 
Liverpool  Geological  Association,  Jonrnal,  vol.  9.    Liverpool. 
Liverpool  Geological  Society,  Proceedings,  vol.  6,  part  1.    Liverpool. 
Liverpool  Literary  and  Philosophical  Society,  Proceedings,  vol.  41.    Liverpool. 
Manchester  Geological  Society,  Transactions,  vol.  20,  parts  9-17.    Manchester. 
Missouri,  Geological  Snrvey,  Bolletins  Nos.  1-3.    Jefferson  City. 
National  Geographic  Magazine,  vol.  2.    Washington,  D.  C. 
Nature,  1890.    London. 
Nenes  Jahrbnoh,  1890.    Stnttgart. 

New  Brunswick  Natural  History  Society,  Bulletin,  vol.  9.    Saint  John. 
New  Jersey  Geological  Sarvey,  Annnal  Report  of  the  State  Geologist  for  1889. 

Trenton. 
New  York  Academy  of  Sciences,  Annals,  vol.  4,  No.  12;  vol.  5.    New  York. 

Transactions,  vol.  9 ;  vol,  10,  Nos.  1-3.    New  York. 

New  York,    Commissioners  of   the  State  Reservation  at  Niagara,  Sixth  Report 

Albany. 
New  York  State  Museum,  Annnal  Reports,  41-42.    Albany. 

Bulletin,  No.  7.    Albany. 

Ohio  Geological  Survey,  First  Annual  Report  (3rd  organization).    Colambas. 
Ottawa  Naturalist,  vol.  3,  No.  4 ;  vol.  4,  Nos.  1-9.    Ottawa,  Canada. 
Pennsylvania  Geological  Survey,  Annual  Report  for  1887.    Harrisburg. 

Seventh  Report  on  Oil  and  Gas.    Harrisburg. 

Philadelphia  Academy  of  Natural  Science,  Proceedings,  1889,  part  3:  1890,  parts  1-I& 

Philadelphia,  Pa. 
Popular  Science  Monthly,  1890.    New  York. 

School  of  Mines  Quarterly,  vol.  11,  Nos.  2-4 ;  vol.  12,  No.  1.    New  York. 
Science,  vols.  15,  16.    New  York. 

Scientific  American  Supplement,  vols.  20,  30.    New  York. 
Scottish  Geographical  Magazine,  vol.  6.     Edinburgh. 

Smithsonian  Institution,  Annual  Report,  1886,  part  2;  1887,  part  2,  1888,  parts  1,  2. 
Soci^t^  g6ologique  de  France,  Bulletin,  3«  sdrie,  vol.  16,  No.  10 ;  vol.  17,  Nos.  1-9. 

Paris. 
Soci^t^  g^ologique  du  Nord,  Annales,  vol.  16,  Nos.  5,  6 ;  vol.  17,  Nos.  1-3.    Lilie. 
Technology  Quarterly,  vol.  3,  Nos.  1-3.    Boston,  Mass. 
Texas  Geological  Survey,  Bulletin  No.  4.    Austin. 

First  Annual  Report.    Austin. 

U.  S.  Geological  Survey,  Bulletins,  Nos.  54-64,66-70.    Washington. 

Monographs,  vols.  1,  15, 16.    Washington. 

Annual  Reports,  J.  W.  Powell,  Eighth  and  Ninth,  1886-'88. 

U.  S*  National  Museum,  Proceedings,  vol.  12.     Washington,  D.  C. 

Vassar  College  Institute,  Transactions,  vol.  5.    Ponghkeepsie,  N.  Y. 

Wagner  Free  Institute,  Transactions,  vols.  2,  3.    Philadelphia, 

Warren's  New  Physical  Geography. 

Washburn  College  Laboratory,  Bulletin,  vol.  2,  No.  11.    Topeka,  Kans.  « 

Washington  Philosophical  Society,  Bulletin,   vol.  11,  pp.  173-358.     Washington, 

D.  C. 
Wyoming,  Report  of  the  Territorial  Geologist,  January,  1890.    Cheyenne. 
Yorkshire  Geological  and  Polyteclmic  Institute,  Proceedings,  new  series,  vol.  U; 

part  2. 
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A. 


ADAMS,  F.  B.  Notes  on  the  litbolog- 
icul  character  of  some  of  the  rocks 
collected  in  the  Yukon  district  and 
adjacent  northern  portion  of  British 
Colnmbia. 

Canada,  Geol.  Sarrey,  Raporta,  voL  3,  new 
8«rlea,  part  1,  Seport  B,  pp.  285-240.    1888. 

Conaists  entirely  of  petrographio  dMorip- 
tiona. 

[Summary  of  observations  in  1887 

in  Montcalm  and  Joliette  counties.] 
Canada,  Gtool.  Storey,  Reporta,  vol.  3,  new 
sertefl,  part  1,  Report  A,  pp.  27-28.    1888. 

iDoladee  a  brief  description  of  the  relations 
of  the  anorlhosite,  and  evidence  as  to  its 
eruptive  nature. 

[Account   of    explorations   in    the 

eastern  townships  of  Quebec.] 

Canada,  Grsol.  Snrvey,  Reporta,  vol.  3,  new 
series,  part  1.  Report  A,  pp.  84-^.    1888. 

Includes  brief  summary  regarding  the  re- 
lations  of  the  crystalline  rooks. 

Africa.    Banket   deposits  of  the   Wit- 
watersrand,  Curtis. 
De  Kaap  Transvaal  gold-fields.  Fur- 
longs. 
Nile  and  the  desert,  Bolton. 
AGASSIZy  Alexander.    Note  [on  coral 
reefs  of  southern  Florida,  and  their 
relation  to  the  growth  of  the  pen  iusula]. 
Harvard  College,  Mna.  Comp.  ZooL,  Bull., 
vol.  16,  pp.  157-168. 

Alabama.  Analyses  of  dolomite  and  clay , 

HiLLRBRAND. 

Appomattox  formation,  McGbb. 
Building  stones,  Mbrrill,  G.  P. 
Pleistocene     submergence,    McGeb. 

Spbnobr. 
Analyses  of  sand  and  white  earth 

from  Talladega,  Catlbtt. 
Geology  of  Mon  Xouis  island,  Lanq- 

I>ON. 


Alabama— Continued. 

Maofarlane's  Railway  Guide,  Camp- 

BBLL.    Smith  and  Gesnbr. 
Peculiarities  in  drainage,  McGbb. 
Warren's  geography.  Brewer. 

Alaaka.    Ice  cliffs  of  Kowak  rirer.  Bus- 
sell.    Cantwbll. 
Surface  geology,  Russell. 

American  Aasooiatioii  for  the  Ad- 
vancement of  Science,  voL  38. 

North  American  Mesoasoio,  White, 
C.  A. 

Origin  of  gneiss,  Bbll. 

Level  of  no  strain  in  crust  of  the 
earth,  Claypole. 

Trap  ridges  of  East  Haven,  Bran  ford, 
Connecticut,  Hovby,  E.  O. 

Devonian  of  Devonshire,  Williams, 
H.  S. 

Ogishke  conglomerate,  Winghell,  A. 

Origin  of  Eeewatin  ores  in  Minne- 
sota, Winchell,  N.  H.  and  H.  V. 

E^gle  Fiats  formation  and  basin  of 
Trans-Pecos,  Texas,  Hill. 

Igneous  rocks  of  central  Texas,  Hill 
and  Dumble. 

Staked  Plains  formatiou,Texas,HiLL. 

Yalloy  of  Upper  Canadian,  Texas- 
New  Mexico,  Hill. 

Topographic  features  of  Texas,  Hill. 

Zircon  rocks  in  Archean  of  New  Jer- 
sey, Nason  and  Fbrrier. 

Archean  northwest  of  Lake  Superior, 
Lawson. 

Petrography  of  certain  dikes  of  Rainy 
Lake  region,  Lawson  and  Shutt. 

Lake  ridges  of  Ohio  and  glacial 
drainage  in  valley  of  Susquehanna, 
Wright. 
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American  Aasoolatlon,  etc. — Cont'd. 

Glacial  phenomena,  Illinois  and  In- 
diana, Lbvrrktt. 

Topographic  types  of  northeastern 
Iowa,  McGbe. 

Petroleum  belt  of  Terre  Haate, 
Waldo. 

Maquoketa  shales  in  Iowa,  Jambs. 

Studies  of  hornblende  schist,  Hitch- 
cock. 

Cretaceous  of  northern  Mexico, 
White,  C.  A. 

Pits  and  domes  of  Mammoth  Cave, 
HOVEY,  H.  C. 

AMERICAN  QEOLOOIST.  TheAzoio 

system. 

American  Greologist,  to1.5,  pp.  106-107,  |  p. 
IMsonssion  of  deflnition  given  in  Centary 
DicUonary. 

The  pre-natal  history  of  the  geolog- 
ical society  of  America. 

Am.  Geologiat,  voL  0,  pp.  181-194. 

Wh<it  constitutes  the  Taconic  range 

of  mountains? 

Am.  Geologiflt,  vol.  6,  p.  247,  Fl.  YI. 
Excel  pU,  with  maps,  from  varioaa  writers 
in  regard  to  the  location  of  the  Taconic  moan- 
tains. 

Quebec  not  in  conflict  with  Taconic. 

Am.  Geologist,  toL  6,  pp.  810-311. 
DiAcuNsion  of  the  status  of  the  terms. 

,  voL  5. 

Geographic  features  of    the  Texas 

region,  Hill. 
Lauren  tian  as  applied  to  Quaternary, 

Jamks. 
Scolithns  flattened  by  pressure,  Wan- 
ner. 
Extinct     volcanoes     in     Colorado, 

Lakes. 
Islands  of  Santa  Barbara  Channel, 

Yates. 
North  American  Geology  and  Paleon- 
tology by  Miller,  Dana. 
Geology  of  Rainy  Lake  Region,  Law- 
son. 
Fossils  from  Cambro-Silnrian  of  Man- 
itoba, Whiteaves. 
Geological  Survey  of  Minnesota,  re- 
port for  1888,  WiNCHELL,  A. 
Rivers  and  valleys  of  Pennsylvania, 

Davis. 
Structure  of  drnmllns,  Upham. 
Fossils  of  the  Trinity  beds.  Hill. 
Kansas  salt  mine.  Hat. 
Silurian  system,  Mubchison. 


American  Qeologlat,  vol.  5— Continued. 
Level  of  no  strain  in  crust  of  the  earth, 

Claypole. 
Origin  of  outlines  of  the  Bermadas, 

Fewkes. 
Extinction  of  species,  McCreeht. 
Glacial  Innoid  furrows,  Packard. 
Azoic  system.  Am.  Geologist. 
Subaerial  decay  of  rocks,  Russell. 
Geology  of  Nantucket,  Shaler. 
Meeting   of    Geological   Society   of 

America. 
Meeting  of  Boston  Society  of  Natural 

History. 
Well  at  Dixon,  Illinois,  Tiffany. 
Well  at  Le  Mars,  Iowa,  Todd. 
Dikes  near  Kennebnnkport,  Maine, 

Kemp. 
Triassic  traps  of  Kova  Scotia,  Mars- 

lERS. 

Training  of  a  geologist,  Brannbr. 
Triussic  flora  of  Richmond,  Virginia, 

Marcou. 
Copper  in  Animikie  rocks  of  Thunder 

Bay,  Lawson. 
Quicksilver  deposits  of  Pacific  slope, 

Becker. 
Proglacinl  channels  at  the  falls  of 

the  Ohio,  Bryson. 
Level  of  no  strain,  Davis. 
Use  of  terms  Lauren  tian  and  Newark, 

Hitchcock. 
Glacial  geology  of  Irondequoit  re- 
gions. Dryer. 
Session  of  International  Geological 

Congress,  Frazer. 
History  of  the  Qaebec  g^up.  Hunt, 

T.S. 
Making  of  Pennsylvania,  Claypole. 
Geology  of  Ontario,  Bell. 
Note  on  Duck  and  Riding  Mountains, 

Tyrrell. 

Report  on  James  Bay  country.  Low. 

Geology  of  Quebec,  Ells. 

Northern  New  Brunswick  and  Maiue, 

Bailey  and  MoInkbs. 
Surface  geology  of  New  Brunswick, 

Chalmers. 
Transactions  of  meeting  of  Eansae 

Academy. 
Drainage   systems  of  New  Mexico, 

Tarr. 
Artesian  wells  in  Kansas,  Bay. 
American  Neooomian,  BCarcou. 
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American  G^eologist,  vol.  5— Con t i nued .  < 
Survey  of  Conoho  country,  Cummins 

and  Lerch. 
Maqnoketa  shales,  Jambs. 
Lower  and  middle  Taconic,  Marcou. 
Meeting  of  International  Congress  of 

Geologists,  Hbrrick. 
Trenton  limestone  oil  and  gas,  Orton. 

,  voL  6. 

A  deserted  gorge  of  the  Mississippi 

Grant. 
Permo-Carboniferons     of      Kansas, 

WOOSTBB. 

Haroniau-Lanrenttan  contact,  Bar 

LOW. 

Artesian  water  from  thedrift,  Rolfe. 

Non-feldspathio  iutrusives  of  Mary< 
land,  Williams,  G.  H. 

Ice  cliffs  of  Kowak  River,  Alaska^ 
Rusts  KLL.    Cant  WELL. 

Qaatemary  history  of  Mono  Valley, 
Russell. 

Use  of  terms  Laurentian  and  Cham- 
plain,  Margou. 

Casts  of  crinoids  from  Barling  ton 
limestone,  Rowley. 

8ergipe-Alag6as    basin    of    Brazil, 
Brannbr. 

Checklist  of  Cretaceoas  invertebrates 
of  Texas,  Hill. 

On  the  name  Laurentian,  James. 

Carbon  iferons  of  cen  t  ral  Tex  hs,  T  a  r  r. 

Glaciation  of  the  Cordillera,  Daw- 
son, G.  M. 
•  Eruptive  rocks  of  Lake  Huron  region, 
Fairbanks. 

Pre-natal  history  of  the  Geological 
Society  of  America,  Am.  Gkologist. 

Characteristics  of  volcanoes,  Dana. 

Geographic  development  of  northern 
New  Jersey,  Davis  and  Wood. 

Geology  of  Lassen  Peak  district,  Dil- 

LBR. 

Geology   of   island  of    Mt.   Desert, 

Shalbr. 
Thickness  of  rocks  in  Central  New 

York,  Prossbr. 
Artesian  wells  in  the  Dakotas,  Up- 


Cheyenne  sandstone  and  Neocomian 

shales  of  Kansas,  Cragin. 
Coal  measures  of  Indian  Territory, 

Chance. 
Glaciation  of  eastern  Canada, Chal- 

MBRS, 


American  Gtoologiat,  toL  5— Continued. 

What  coutitilute  the  Taconic  Moun- 
tains?   Am.  Geologist. 

Exploration  of  the  ludiau  Territory, 
Hill. 

Texas  Cretaceous,  Hill. 

The  Wet  woods,  Bryson. 

Tacouic  iron  ores,  Winch  ell,  N.  H. 
and  H.  V. 

Pilot  Knob,  Hill.    Kemp. 

Ext  ension  of  Iroquois  beach,SPENCER. 

Relations  of  State  and  National  Sur- 
veys, Brannbr. 

Quebec  not  in  conflict  with  Taconic, 
Am.  Geologist. 

The  Iroquois  beach,  Spencer. 

Glaciation  of  the  Cordillera  and  Lau- 
ren tide,  Chalmers. 

Cause  of  the  glacial  period,  Upham. 

Great    quartzite    more   recent  than 
Olenus  schist,  Holst. 

Observations     ou     some     Canadian 
rocks.  Wing II ell,  A. 

Reconnaissance  in  Kansas,  Hay. 

Geology  of  Eastern  Maine  and  New 
Brunswick,  Bailey. 

Glacial  boundary — Pennsylvania   to 
Illinois,  Wright. 

Submergence  of  Isthmus  of  Panama, 
Upham. 

Iroquois  beach,  Davis. 
Ameri  can  Journal  of  Science,  vol.  39. 

Devonian  system  of  Devonshire,  Wil- 
liams, H.  S. 

Zinciferous   clays  of  Missouri,  Sba- 

MON. 

Origin  of  normal  faults,  Rbade. 
North  American  Geology  and  Paleon- 
tology, Daxa. 
12th  Report  Minnesota  Survey,  Dana. 
Fossils  in    Columbia  County,   New 

York,  Bishop. 
Cretaceous,  San     Carlos    Mountain, 

Mexico,  White,  C.  A. 
Fossils    in   Dutchess    County,  New 

York,  Dwigut. 
Cretaceous    plants    from    Martha's 

Vineyard,  White,  D. 
Review  of  Ells's  report  on  Quebec, 

Walcott. 
Tracks  in  Animikie  rocks,  Sklwyn. 
Hercynian  fauna,  Walcott. 
Sedgwick  and  Murchison,  Cambrian 

and  Siluriau,  Dasi^a,         j 
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American  Journal  of  Science — Cont'd. 

Cretaceons  of  British  Columbia, 
Dawson,  G.  M. 

Recent  rock  fleznre,  Cramkb. 

Caloiferons  formation  in  Champlain 
Valley,  Brainibrd  and  Skslt. 

Geological  survey  of  Canada,  Reports, 
vo).  3,  Dawson,  G.  M. 

Sandstones  of  Fernando  de  Noronha, 
Brannsr. 

Dikes  in  central  Appalachian,  Vir- 
ginia, Darton.  Dillvr. 

Soda-granite  and  quartz-kerato- 
pbyre,  Pigeon  Point,  Baylby. 

Topographic  featnies  of  central 
Texas,  Tarr. 

Subaerial  decay  of  rooks,  Dana. 

Diatom-  beds  in  Yellowstone  Park, 
Wkkd. 

Archean  limestone  in  Norfolk,  Conn., 
Cornish. 

Glacial  scratches  in  Norfolk,  Conn., 
Cornish. 

Characteristics  of  volcanoes,  Dana. 

Elementary  proof  of  the  earth's  rigid- 
ity, Beckbr. 

Minerals  of  amphibole  and  pyroxene 
groups.  Cross. 

Archean  axes  of  eastern  North  Amer- 
ica, Dana. 

Metamorphic  strata  of  southeastern 
New  York,  Mbrrill,  F.  J.  H. 

History  of  Mono  Valley,  California, 
Russrll. 

Lower  Carboniferous  in  central 
Texas,  Tarr. 

Scapolite  rock  in  New  Jersey,  Nason. 
,  voL  40. 

Southern  extension  of  Appomattox 
formation,  McGee. 

Goniolina  in  Comanche  series  of 
Texas,  Hill. 

Fayalite  in  obsidian  of  Lipari,  Id- 
dings  and  Penfibld. 

Post-tertiary  deposits  of  Manitoba, 
Tyrrell. 

Curious  occurrence  of  vivianite,  Dud- 
ley. 

Classification  of  glacial  sediments  of 
Maine,  Stone. 

Silurian  graptolites  from  Maine, 
Dodge. 

Biderite  basins  of  Hudson  River 
epoch,  Kimball. 


American  Journal  of  Science— Cont'd. 

American  Committees  of  Interna- 
tional Congress,  Williams,  H.  8. 

Potomac  or  younger  Mesozoic  flora, 
Fontaine. 

Rooky  Mountain  protaxis,  Dana. 

Cretaceous  of  Manitoba,  Tyrrbll. 

Geology  of  Mon  Louis  Island,  Lang- 
don. 

Microscopic  structure  of  oolite,  Bab- 
bour  and  Torrey. 

Clinton  group  fossils,  Foerste. 

Blandford's  address  to  Geological  So- 
ciety of  London,  Dana. 

Fossils  in  Hillsdale,  New  York,  Dana. 

"  Bernardston  Series"  of  upper  De- 
Youian  rocks,  Ebherson. 

Keokuk  beds  at  Keokuk,  Gordon. 

Indianapolis  meeting  of  Geological 
Society. 

Snperimposition  of  the  drainage  in 
central  Texas,  Tarr. 

Pre-fi:lacial  drainage  and  recent  his- 
tory of  western  Pennsylvania,  Fo- 

SHAY. 

Long  Island  Sound  in  the  Quater- 
nary, Dana. 

Deformation  of  Iroquois  Beach,  Spen- 
cer. 

Sand  transportation  by  riyers,  Gra- 


Cretaoeous  rocks  of  northern  Califor- 
nia, DiLLRR. 

American  Muaeum  of  Natural  Hlatoxy 
Bulletin,  toL  3. 
Caloiferons  formation  in  the  Cham- 
plain  Valley,  Brainerd  and  Seely. 
Fauna  of  rocks  at  Fort  Cassin,  Ver- 
mont, Whitfibij),  R.  P. 

American  Naturaliat,  toL  23,  Decem- 
ber. 
Silver  Lake  of  Oregon,  Cope. 

,  vol.  24. 

Excavations   made  by  sea-urchins, 

Fawkbs. 
Breociated   character   of  St.  Ijouis 

limestone,  Gordon. 
Erosive  agents  in  the  arid  regions. 

Tarr. 
Glacial  phenomena  in  Beaver  Valley, 

Foshay  and  HiCB. 
Transitional  drift  of  lowa^  Wrbstbr. 
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American   Pbiloflophical     Society, 
Transaction^  yoL  16. 
[New  eeziee]  part  3. 
Sergipe-Alagdas    basin    of     Brazil, 

Brannxr. 
Mammalia  of  Uinta  formation,  ScoTT. 
AMI,  Henry  M.    On  the  geology  of  Que- 
bec City. 

Science,  vol.  10,  p.817, 1^  ooL,  4^. 
AbAtraot.  Am.  Geologist,  vol.  7,  p.  71, }  p,  1801. 
DiscuMion  of  the  liorison  of  the  atrsta. 

Appalachia,  vol.  6,  Nos.  1, 2. 

Madison  bowlder,  Crosby. 

Ice  age  in  North  America,  Davib. 

Volcanoes  in  Japan,  Holland. 
Archean  and  Algonkian. 
£aatem  Canada,  report  on  Qaebeo,  Ells. 

Beview  of  Ells  on  geology  of  Quebec, 
Walcott. 

Lake  8t.  John  ooantry,  Chambers. 

Acadian   and   St.   Lawrence  water 
shed,  Bailky. 

Stratigraphy    of  ''Qnebeo   gronp,'' 
Ells. 

Eastern  to^cnships  of  Quebec,  Adams. 

Pre-Paleozoic    surface    in    Canada, 
Lawson. 

Serpentines,  GiROUZ. 

Eastern  coast  of  Hudson  Bay,  Low. 

Geology  of  Ontario,  Bell. 

Mistassinni  region.  Low. 

Between  Montreal  River  and  Lake 
Huron,  Bell. 

Archean  axes  of  eastern  North  Amer- 
ica, Daka. 

Origin  of  gneiss.  Bell. 

Hunter  Island  and  Seine  River  region. 
Smith,  W.  H. 

Kew  Brunswick,    Bailey.    Bailey 
and  MclNNES. 

North  side  of   St.  Lawrence  above 
Quebec,  Laflamme. 

Warren's  geography,  Brewer. 

Eoxoon  in  rocks  at  St.  John,  Mat- 
thew. 

Areas    of    continental    progress    in 
North  America,  Dana. 

Macfarlane's  Railway  Guide,  Daw- 
son, G.  M. 

Iron  ores,  Hunt,  T.  S. 

Lake    Temiscaming    and    Montreal 
River,  Bell. 

Summary  reports  of  Geological  Sur- 
vey 1887-'88,  Selwyn. 


Archean  and  Algonkian— Continued. 
Montcalm    and    Joliette    Counties, 

Adams. 
Excnrsioo  in  northern  Appalachians, 

Wiluams,  G.  H. 
Gold-bearing  rocks  in  Halifax  County 

Faribault. 
Lake  Superior  io  Lake  Huron   region^ 
Report  on  Rainy  Lake  region,  Law- 
son. 
Petrography  of  contain  dikes  of  Rai  ny 

Lake  region,  Lawson  and  Shutt. 
Archean  northwest  of  Lake  Superior, 

Lawson. 
Eruptives   of   Lake  Huron   region, 

Fairbanks. 
Archean  of  central  Canada,  Lawson. 
Geology  of  Ontario,  Bell. 
Microscopic    examination    of    rocks 

from  Thunder  Bay  silver  district. 

Baylky. 
Pigeon  Poiot,  Minnesota,  Bayley. 
Report—Lake  Superior  division, U.  S. 

Geol.  Survey,  Irvinq.    Van  Hise. 
Pre-Cambrlan  of   the   Black   Hills, 

Van  Hise. 
Geology  of  the  northwest  of  Lake 

Superior,  Harvey. 
Origin  of  ores  of  Keewatin  in  Min- 
nesota, WiNCHKLL,  N.  H.  and  H.  V. 
Position  of   Ogishke    conglomerate, 

WiNCHELL,  A. 
Results   of  Archean  studies,    WiN- 

CHELL,  A.    Van  Hise. 
Huronian-Laurentian  contact  north 

of  Lake  Huron,  Barlow. 
Huronian  andLanrentian  rocks  north 

of  Lake  Huron,  Lawson. 
Tracks  in  Animikie  rocks,  Selwyn. 
Origin  of  gneiss,  Bell. 
Greenstone  schists  of  Marquette-Men- 

omiuee  regions,  Williams,  G.  H. 

Irving. 
Copper  mining   in  Michigan,  Eng. 

AND  Mining  Jour. 
Kamanistiquia  silver  belt,  Wood. 
Observation  on  some  Canadian  rocks, 

WiNCHELL,  A. 
Mines  on  Lake  Superior,  Ingall. 
Copper  in  Animikie  at  Thunder  Bay, 

Lawson. 
Tacooic  iron  ores  of  Minnesota,  Win- 

CHELL,  N.  H.  and  H.  V. 

Analyses  of  rocks  from  Menominee 
River,  Riqgs. 
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Archean  and  Algonkian—Continaed. 
Analysis  of  novacnlite   from    Mar- 
quette, HlLLBBRAND. 
Analyses  of  rooks  from  Pigeon  Point, 

£  AKINS.      HlLUCBRAND.      R I Q  G  8 . 

Whitfield,  J.  E. 

Analyses  of  rocks  collected  by  R.  D. 
Irving.    Hillsbrand. 

Analyses   of  rocks   from    Penokee- 
Gogebic  range,  Chatard.   Eakins. 

Maofarlane's  Railway  Guide,  Daw- 
son, G.  M.     WiNCHKLL,  A. 

Analysis  of  diabase  from  Michigan, 
Chatard. 

Warren's  geography,  Brbwxr. 

Iron  ores,  Hunt,  T.  8. 
Northern  and  western  British  Amerioay 
Caribou  district.  British  Columbia, 
Bowman. 

Mineral  wealth  of  British  Columbia, 
Dawson,  G.  M. 

James  Bay  region,  Low/ 

Lithology  of  rooks  from  Yukon  dis- 
trict, Adams. 

Big  bend  of  the  Columbia,  Colbman. 

Yukon  district,  Dawson,  G.  M. 

Areas  of  continental  progress  in  North 
America,  Dana. 

Ynkon  and  Mackenzie  Rivers,  Mc- 

CONNBLL. 

Macfarlane's  Railway  Guide,  Daw- 
son, G.  M. 
New  England^  Geology  of  Mount  Desert 
Island,  Shaler. 

Areas   of    continental    progress    in 
North  America,  Dana. 

Archean  axes  of  eastern  North  Amer- 
ica, Dana. 

Eastern  Maine.  Bailey. 

Granites  of  Massachusetts,  Embrbon. 

Essex  County,  Massachusetts,  Sears. 

Geology  of  Cape  Ann,  Shaler. 

Report — Division  of  Archean  geology, 
U.  8.  Geol.  Survey,  Pdmpbllt. 

Kaolin  in  Blandford,  Massachusetts, 
Crosby. 

Maofarlane's  Railway  Guide,  Crosby, 
Hitchcock. 

Limestone  at  Norfolk,  Connecticut, 
Dana. 

Report — Atlantic  coast  Division,  U. 
S.  Geol.  Survey,  Shalkr. 

Studies  of  hornblende  schist,  Hitch- 
cock. 

Warren's  geography,  Biuswkr. 


Arohean  and  Algonkian — Continued. 

Granitoid  areas  in  lower  Laurentian, 
Hitchcock.    Williams,  G.  H. 
New   York   to    Georgia,    Excursion    in 
Northern  Appalaohians,  Williams, 
G.  H. 

Metamorphio  strata  of  sontheastem 
New  York,  Merrill,  F.  J.  H.  ^ 

Iron  ores  of  the  United  States,  Hunt 
T.  S. 

Iron  ores  of  New  York,  Smock. 

Clays  near  Morrisanla,  New  York, 
Martin.    Merrill,  F.  J.  H. 

Archean  axes  of  eastern  North  Amer- 
ica, Dana. 

Areas  of  continental  progress  in  North 
America,  Dana. 

Analyses  of  intrusive  diorite  near 
Peekskill,  New  York,  Chatard. 

Studies  of  Arohean  rooks,New  Jersey, 
Nason. 

Zircon  rocks  in  highlands  of  New 
Jersey,  Nasox  and  Fxrrieb. 

Scapolite  rock,  Nason. 

Artesian  wells,  New  Jersey,  Nason. 

Studies  of  Triassic  rocks  in  New 
Jersey,  Nason. 

Serpentinous  rooks,  New  York  and 
Pennsly vania,  Merrill,  G.  P. 

Serpentines  of  southeastern  Pennsyl- 
vania, Rand. 

Analyses  of  serpentines,  Catlett. 

State  line  serpentines,  Pennsylvania, 
Chester. 

Gabbros  of  Delaware,  Chester. 

Non-fold  spathic  intrusives  of  Mary- 
land, Williams,  G.  H. 

Vicinity  of  Baltimore,  Williams,  G. 
H. 

Analyses  of  rocks,  Baltimore  County, 
Maryland,  Chatard.  Whitfield, 
J.  E. 

Analysis  of  dolomite  from  Cockeys- 
ville,  Maryland,  Whitfield,  J.  E. 

Corundum  in  Patrick  County,  Vir- 
ginia, Genth. 

Warren's  geography,  Brewer. 

Maofarlane's  Railway  Guide,  Ches- 
ter. Fontaine.  Hammond.  Hitch- 
cock. Hunt.  White,  I.  C.  Mc- 
Cutchen.  Safford.  Campbell. 
Seely.  Smock.  Chance.  Fon- 
taine. Williams,  G.  H. 
Western  United  States,  Black  Hills,  Van 
Hise. 

Digitized  by  LjOOQIC 


DASTOK.]      BECOKD   OF  NOBTH   AMEBICAN    GEOLOGY   FOB   1890. 


17 


Arohftan  and  Algonkiaii— Continned. 
Areas  of  cootineni  al  prog:Te88iD  Noith 

America,  Daka. 
Report— Montana  division,  U.  S.  Oeol. 

Survey,  Peajlb. 
Yellowstone  Park,  Iddikgs. 
Crystalline  rocks  of  Missouri,   Ha- 

WOBTH. 

Building  stones,  Missouri,  Ladd. 
Iron  ores  of  tbe  United  States,  Hunt, 

T.8. 
Indian  Territory  and  Red  River,  Hill. 
Movements    in    Rocky    Mountains, 

Emmons. 
Northwestern    Colorado  region, 

White,  C.  A. 
Central   mineral   region   of   Texas, 

COMSTOCK. 

Texaa-Pecos,  Texas,  Strbbruwitz. 
Review  of  Texas  geology,  Dumblb. 
Displacements  in  the  Qrand  CaQon, 

Walcott. 
Warren's  geography,  Brbwbr. 
Macfarlane's  Railway  Guide,   £l- 

DRiDQB.  Emmons.  Upham.  Broad- 

HBAD.  ChaMBBKLIN.COOPBK.  DaW- 

soN,  G.  M.  Emmons.  Hague.  Pum- 

PELLY.      WiNCHELL,  N.  H. 

Nomenclature,  Use  of  term  Laurentian, 
Hitchcock.  Jambs.  Marco u. 

Iron  ores  of  the  United  States,  Humt, 
T.8. 

Azoic  system,  Am.  Gbolooist. 


Archean  and  Algonkian — Continued. 

Geology  of  Ontario,  Bell. 

Macfarlane's   Railway    Guide,  Les- 
ley. 
Arisona.     Analyses    of    recent    lavas, 
Eakins. 

Arizona's  new  bonanza,  Storms. 

Bnilding-stonev,  Merrill,  G.  P. 

Displacement  in  Grand  Cafion,  Wal- 
cott. 

Macfarlane's  Railway  Guide,   Dut- 
ton. 

Primary  quartz  in  basalts,  Iddinqs. 

Warren's  geography,  Brewer. 
Arkanaaa.    Analysis  of  eruptive  rock, 
Eakins. 

Building-stone,  Merrill,  G.  P. 

Crowley's  ridge,  Call. 

Eastern  Arkansas,  Call. 

Macfarlane's  Railway  Guide,  ;Lough- 
RiDGB,  Owen. 

Warren's  geography,  Brewer. 

ASHBI7RNBR,  Charles  A.  Natural  gas 
explorations  in  the  eastern  Ontario 
peninsula. 

Engineering  and  Mining  Jour.,  vol.  49,  p. 
818,  4f>. 

Geologlo  map,  and  a  tabular  aeciion  based 
mainly  on  well  records. 

Asia.    Analysis  of  basalt,  Chatard. 
Ascent  of  Japanese  volcanoes,  Hol- 
land. 


B. 


BAILinr,  G.  £.  [Geological  notes  on  Da- 
kota.] 

Macfarlane's    Geol.  Railway  Onide,  2d. 
edition,  p.  256,  i  p. 

At  stations  on  purt  of  Fremont,  Elkhom  & 
SCissoori  Valley  Railway. 

BAILET,  L.  W.,  Presidential  address 
on  the  progress  of  geological  investiga- 
tion in  New  Brunswick. 

Canada,  Boyal  Soc.,  Trans.,  vol.  7,  sec.  iv, 
pp.  3-17. 

A  general  review  of  New  Branswtok  geol- 
ojsy  and  geologic  history. 
On  some  relations  between  the  geol- 
ogy of  eastern  Maine  and  New  Bruns- 
wick. 

Canada,  Royal  Soc.,  Trans.,  vol.  7,  sec.  iv, 
pp.  57-68. 
Abstract,  Am.  Geologist,  voL  6,  p.  390,  |  p. 
Discnssion  of  age,  relations,  and  distribution 
of  the  varioos  formations,  especially  tbe  De> 
vonian  abd  Silurian. 
BULL  91 2 


BAILET,  L.  W.— Continued. 

On  the  Acadian  and  St.  Lawrence 

watershed. 

Canadian  Record  of  Solence,  vol.  3,  pp. 
398-413,  18S9. 

A  snmmary  accoont  ol  its  pbysiographic 
and  geologic  obaracteristics,  comprising  a 
description  of  formation  from  supposed  pre- 
Cambrian  to  Devonian  and  a  discussion  of 
their  age  and  relations. 

and  McINNES,  Wm.    Report  on 

explorations  and  surveys  in  portions  of 
northern  New  Brunswick  and  adjacent 
areas  in  Quebec  and  in  Maine,  U.  H. 
Canada,  aeol.  Snrvey,  Reports,  voL  3,  new 
series,  part  2,  report  M,  pp.62,  1888. 

Abstracts,  ibid.,  part  1,  report  A,  pp.  36-37 j 
Am.  aeologist,  vol.  6,  pp.  24S-247,  |  p.;  Am. 
Jour.  Sci.,  3d  series,  voL  89,  p.  239,  4  lines. 

The  Silorian  formation;  its  distribution, 
structure,  stratigraphy,  paleontology,  equiv- 
alency, con-elation  and  extent  of  its  various 
members  and  evidences  of  internal  uucon. 
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BAILEY  and  McINNBS— Continued. 

[Account  of    explorations  in 

northern  New  Brunswick.  ] 

Canada,  G^eol.  Survey,  Reports,  vol.  3,  new 
tfCriefl,  part  1,  report  A,  pp.  91-93.  1888. 
Notes*  ri'latiiisj  to  the  Siluriau  lorrnalioD. 
BARBOUR,  Alfred  E.     On  the  contact 
of  the  Huronian  ant!  Laurent ian  rocks 
north  of  Lake  Huron. 

Am.  Geologist,  vol.  a,  pp.  10  'J2. 
Ab.Htraot,  Am.  Naturalist,  vol.  21,  p.  107*2, G 
liiu'.s. 

i'haracteri.stirs,  tli.siribntioii,  relatlon.s,  ami 
atrurhirt' of  the  vailmif*  rooka.  With  petio- 
jiraphio  ih'.icTiptioiis  hy  A.  V.  Lax^xoii.  pp. 

BARBOUR,  Erwin  H.,  aiul  TORREY, 
Jo.sopli,  jj'.  Notes  on  the  microscopic 
structure  of  oi»lite,  with  analyses. 

Am.  Jour.  Sci.,  3(1  Bciics,  vol.  40,  pp.  24G- 
249. 

From   Iowa  aud  Chei*ter  County,  rcnnayl- 
vania. 
BARTHOLOME'W,  J.  (i.     Geological 
skct.h  uia)»  of  the  world. 

Scottish  Greog.  Magazine,  vol.  0,  plato  2. 
(;(>olopyol'  Noith  AmiTica  fioiu  Alarcoii's 
inapt*. 

BAYLBY,  W.  S.  Notes  on  jnicroscop- 
ical  exuniiuatious  of  rocks  from  tho 
Thunder  Hay  silvi-r  district. 

Canada,  Geol.  Surrey,  Reports,  vol.  3,  new 
«cric«,  pail  J,  H'i)ort  H,  pp.  115  1:'J.  1J<88. 
Entirtly  intio;;n«phic. 

The  ori-iii  of  the  boda-^ruuite  and 

quart z-keratophyre    of    I'igeon  lN)int 
[Minnesota]. 

Am.  Jour.  Sci.,  3d  fiei-io»,  vol.  39,  pp.  273- 
•J80. 

rctio;:rapliy.  geologic  relutiona,  clieniico- 
Tuiueralogic  bintor}*,  aud  contact  relation.s.        I 

[Notice  of  relation  of  rocks  at  Ti^jeon  i 

Point,  Minnesota.]  j 

U.   S.   Geol.    Survey,  8th  Report,   J.   W.   | 
Powell,  p.  139,  i  p.  18i-9.  j 

Stated  by  R.  I>.  I  wing,  report-  l.akc  Supe-    \ 
rior  division.  , 

BECKER,  (ieor^c  F.  K<port— U.  S.  (3e- 
ological  Survi'y.  Califorrjia  divi-iiou 
ofGeolo*jjy.  ! 

U.  S.  Geol.  Survey,  8th  Report,  J.  W. 
Powell,  pp.  15H  155,  lh8'». 

lucludca    briel'    di.'^eu.ofliou    of    eouditious 
artecting  th«  texture  of  massive  io<  k.s. 
.Summary  of  tho  j^eology  of  tin*  quick- 
silver deposits  of  the  I'aciiie  slope. 
U.   S.   Geol.    Survey,   8th  Report,  J.   W. 
Powell,  pp.  9tjl-985,  pld.  I.XII.  i.xill,  1889. 

llrler<le..senpti«m  of  nietamorphic  aud  n)a8- 
aivo  rockH  and  tlie  geology  of  the  variouH  do- 
poaitfl;  sketch  of  hi.storical  geology,  and  dis- 
enanion  of  ^le  origin  and  condltiona  of  depo-  ] 
sitiou  of  the  01  ea.  I 


BECKER,  George  F.— Continued. 

Report — California  division. 

U.  S.  Geol.  Survey,  9th  Report,  .J.  W. 
Powell,  pp.  100-102. 

Includes  nome  brief  references  to  the  ;:vol 
og3'  of  Aluiaden  roino  in  Spaiu  and  to  ilie  di.v 
covery  of  A  ucella  in  Tuolumne  Coujity,  t^ali- 
foruia,  by  II.  W.  Turner. 

An  elementary  proof  of  the  earthV 

ri  aridity. 

Am.  Jour.  Sci.,  3«l  series,  vol.  39,  pp.  :vt(r 
.152. 

BELL,   Rohert.     On  glacial  pheuomeua 
in  ('auada. 

Geol.  Soc.  Am.,  Bull.,  vol.  1,  pp.2»T-3]0. 
Abftrnct,  Am.  Naturalist,  vol.  24,  pp.  !>.'- 
208,  i  p.;  p. 771.  5  lines. 

Geuend  review  of  glacial  history  and  di< 
euHflion  of  uature  of  certain  glacial  festurtB. 

The  origin  of  gneiss  and  some  other 

primitive  rorks  [ab.stract]. 

Am.  Assoc.  Adv.  Science,  Proc,  vol.  S>i. 
pp.  227-231. 

(ieueral  discussion,  with  incidental  refer 
cncea  to  natureof  certain  crystalline  rocks  iii 
various  parU  of  Canada. 

[Summary  of  exploration  iu  1*87 

about  the  Lakes  Temiscamiug  aud  Ah- 
bittibbi,  the  Montreal  River,  and  tbe 
upper  waters  of  the  Ottawa.] 

Canada,  Geol.  Survey,  Reports,  vol.  3,do« 
seriea,  pait  1,  report  A,  pp.  22-27, 1888. 

Brief  reference  to  general  geologic  feutan", 
mainly  concerning  characteristics  and  distii 
butlon  of  crystalline  rocks  audextoal  oftlio 
Silurian  limestonos. 

[Summary  of  observations  between 

tho  Montreal  River  and  the  uorthero 
shores  of  Lake  Huron.] 

Canada,  Geol.  Survey,  Reports,  vol.  3.d(^^ 
aeries,  part  1,  report  A,  pp.  77-80,  188?. 

Includes  brief  re ferendi  to  the  diatribntii'c 
and  relations  of  the  Huronian  and  Laarectian 
rocka. 

The  geology  of  Ontario  with  HjxH'ial 

reference  to  economic  minerals.  Kcport 
of  l.cjyal  (%)mmi.ssiou  on  the  miiieMl 
iv8<M".Ms  of  Ontario,  pp.  57,  Toronto, 

ld-:A 

Ab.-iract«,  Am.  Geologist,  vol.  5,  pp. ':^'»- 
240  :  Engineering  and  Mining  Jour.,  vol.  4?. 
p.  408,  IJ  col.,  4^. 

Brief  descriptions  of  the  cliaiaeterislif'.  dir 
tribution,  geuend  relation.H.  and  economi' 
reaourees  of  the  Arelieon,  Cnmbtian,  Siliirian, 
Devonian,  au<l  post- Tertiary  fonnatioiis. 

Bermudas.    Origin  of  present  outline  of 
the  Bermudas,  Fkwkks^qqI^ 
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SHOP,  T.  P.    A  new  locality  of  Lower 
;iluri»n  fossils  in  the    limestoneH  of 
,'olnmbra  County,  New  York. 
Am.  Jonr.  Sci.,  3d  series,  vol.  31,  pp.  09-70, 

l^p. 

Includes  references  to  tbe  eeoloeio  relations 
of  the  limestones  and  their  corrulntiou  with 
other  belts  in  tbe  same  county. 

»LTON,    H.    Carringtou.      Scieutitic 
>ttiiigM  OH  the  Nile  and  in  the  doKert. 
New  York  Acad.  Sci.,  Trans.,  vol.  9,  pp. 

110-126. 
Iui;lud«tH  notes  on  geology. 

DNNBY,  T.  C]  [Remarks  on  signili- 
iinco  of  certain  featares  of  the  Grout 
iuke  region  of  America  hearing  on 
u'ir  history.] 

Geol.  Soc.,  Quart.  Jonr.,  vol.  iB,  p.  632,  i  p. 

Discussion  of  paper  by  J.W.Spencer  "On 
theon«;in  of  tbe  basins  of  tbe  Great  Lakes  of 
America." 

}ton  Society  of  Natural  History, 

roceeding8»  vol.  24,  pp.  355  to  end. 

Reply  to  Selwyn  on  classification  for 
Quebec,  Marcou. 

Geographic  developmeot  of  northern 
New  Jersey,  Davis  and  Wood. 

Record  of  well  at  Nampa,  Idaho, 
Kurtz. 

Age  of  beds  in  Bois^  Biver  region, 
Idaho,  Emmons. 

Growth,  culmination,  and  departure 
of  the  ice  sheets,  Upham. 

Changes  of  climate  indicated  by  in- 
terglacial  beds,  Leverett. 

Note  on  glacial  climate,  Shaler. 

Exceptional  nature  of  climate  of  gla- 
cial period,  Upham. 

Evidence  in  the  till  on  the  glacial 
climate,  Crosby. 

Saliferons  deposits  evidence  of  former 
climatal  conditions,  Sualkk. 

Glacial  studies  bearing  on  the  an- 
tiquity of  man,  Leverett. 

Banborn  bowlder,  Saville. 

VOL  25,  pp.  1-80. 

Geological  history  of  Boston  basin, 
Crosby. 

WUR,  Stephen.    San  Nicolas  Island. 

California,  Ninth  Report  of  Mineralogist, 
)p.  57-eL 

Includes  a  brief  account  of  Its  geology. 

WMAN,  Amos.  Report  on  the  geol- 
;y  of  the  mining  district  of  Caribou, 
ritish  Columbia. 

Canada,  Geol.  Siurey,  Reports,  vol.  3,  now 
series,  part  1,  Keport  C,  pp.  41),  maps,  1868. 


BOWMAN,  AmoB.  Report  ^Continued. 
Descriptions  of  Arcbean.  lower  and  upper 
Paleozoic,  Cretarei)iis.  Miocene,  Pliocene  (f), 
snil  Plei-Htoeouo  formations,  iind  their  struct, 
ural  relations,  especially  in  connection  with 
the  mineral  deposits. 

[Explorations  on   the  seaboard  of 

British  Columbia.] 

Canada,  Geol.  Surrey,  Reports,  vol.  3,  new 
series,  part  1,  Keport  A,  pp.  60-69, 1688. 

Includes  brief  references  to  tbe  Tertiary 
and  Cretaceous  forniationii  and  tlieir  coals  and 
lignites. 

BOYD,  C.  R.,  Middlrsborough,  Ky. 

Engineering  and  Mining  Jour.,  vol.  49, pp. 
171  -173,  4°. 

Includes  a  section  showing  coal  beds  and 
strata  from  upper  Silurian  fossil  ore  bed  to 
Carboniferous. 

BRAINBRD,  Ezra,  and  SBBLT,  Henry 
M.  The  Calciferous  formations  in  the 
Cham  plain  Valley. 

Geol.  Soc.  Am.,  Bull.,  vol.  1,  pp.  501-511. 

Am.  Mns.  Nat.  Hist.,  Bull.,  vol.  3,  pp.  1-23 

Abstracts,   Am.   Geologist,  vol.5,  p.  120,7 

lines;  Am.  Jonr.  Sci.,  3d  series,  vol.  39,  pp. 

235-238;    Am.  Naturalist,  vol.  24,  p.  035.  6 

lines. 

Distribution,  stratigraphy,  detailed  de.scrip- 
tiou  of  8ei:tion8and  correlation  of  FortCassin 
strata  and  members  of  Phillipsburgh  series. 

BRANNBR,  John  C.  The  ^Eolinn  sand- 
stones of  Fernando  de  Noronha. 

Am.  Jonr.  Sci. ,  3d  series,  vol.  39,  pp.  247-257. 
Charactertstics,  distribution,  structure,  ero- 
sion, chemical  compoHitiou,  and  history. 

The  training  of  a  geologist. 

Am.  Geologist,  vol.  5,  pp.  147-1  GO. 

The  Cretaceous  and  Tertiary  geology 

of  the  Sergipe-AlagAas  basin  of  Brazil. 
Am.  Phil.  Soc,  Trans.,  vol.  16,  new  series, 
pp.  3C9-434,  pis.  1-6. 

Abstract,  Am.  Geologist,  vol.  6,  pp.  121-122, 

ip. 

Description  of  charaoteristics  and  relations 
at  various  localities  of  Mcsozolo,  Tertiary  and 
post-Tertiary  forQiationR;  disonssionotHtrati- 
giaphio  relations  and  history  of  deposition, 
etc.;  references  to  other  Mesozoio  regions  in 
Brazil  and  to  relations  to  Paleozoic  and  Ar- 
cbean formations.    Bibliography. 

The  relations  of  the  State  and  Na- 
tional Geological  Surveys  to  each  other 
and  to  the  geologists  of  the  country. 
Am.  Geologist,  vol  6,  pp.  295-309. 
Science,  vol.  16,  pp.  120-123.    4°. 

BRBWER,  William  H.  Warren's  New 
Physicail  Geography,  pp.  144, 4°.  Phila- 
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BRBWER,  William  H.— Continued. 

iDoladeB  some  general  fitatemento  in  regard 
to  the  principles  of  f^eologlc  science  and  the 
geologic  history  of  l<orth  America,  and  a 
colored  geologic  map  of  the  United  States  on 
which  some  uew  features  are  introduced, 
notably  the  rerrosentation  of  glacial  and  aque- 
ous Quaternary  deposits. 

[BRITTON,  N.  L.]    [Clay  outlier  near 
Monmouth  Junction,  New  Jersey.] 
New  York  Acad.  Sci.,  Trana.,  voL9,p.83, 
2  lines. 
Reference  to  its  age. 


BR  O ADHB AD,  G.  C .    Missouri. 

Macfarlane's  Geol.  Railway  Onide,  2d  edi- 
tion, pp.  267-273. 
Geological  notes  for  railway  stations. 
BR7SON,  John.     Preglacial  channels 
at  the  falls  of  the  Ohio. 

Am.  Oeologist,  toL  5.  pp.  ise-isa 
Description  of  their  coarse  and  topography 
and  reference  to  their  history. 

The  Wetwoods. 

Am.  Geologist,  vol.  6,  pp.  254-255. 
Description  of  an  imperfectly  drained  region 
in  central  Kentucky  and  discussion  of  iti 
history. 


c. 


California,  Analyses  of  clays  from  Owen's 
Lake,  Chatard. 
Analyses  of  lavas  from  Lassen  Peak, 

HiLLKBRAND.      RiGGS. 

Analyses   of   lavas    from    Shasta 

County,  RiGGS. 
Analyses  of  volcanic  rocks,  Chatard. 

Whitfield,  J.  E.    Eakins.     Hil- 

LKBRAND. 

Auriferous  gravels,  Hammond. 
Building-stone,  Merrux,  G.  P. 
Cements,  Irblamd. 
Clays,  Johnson,  W.  D. 
Cretaceous  of  northern   California, 

DlLLBR. 

Fossils  as  indicators  of  mineral  prod- 
ucts, Cooper. 
Geology  of  Channel  Islands,  Yates. 
Geology  of  Lassen  Peak  district,  DiL- 

LER. 

Geology  of  quicksilver  deposits, 

Bkckbr. 
Glass,  De  Groot. 
Islands  of  Sauta  Barbara  Channel. 
Los  Angeles  County,  Pkbston. 
Macfarlane's  Hallway  Guide,CooP£R. 

Turner. 
Mines  of  Calico  County,  Storms. 
Natural  soda,  Chatard. 
Paleontology   of    northwest    coast, 

Dall. 
Protozootites,  Friederich. 
Quaternary  history  of  Mono  Valley, 

KUSSELL. 

Report— California    division,    U.    S. 

Geol,  Survey,  Becker, 
Report — division  of  volcanic  geology^ 

U.  S.  Geol.  Survey,  Dutton. 
San  Bernadino  County,  Crossm  AN. 


California— Continued. 

San  Diego  County,  Goodyear. 
Sandstone  dikes,  Diller. 
San  Nicolas  Island,  Bower. 
Santa  Clara  County,  Webrr. 
Santa  Crnz  Island,  Goodyear. 
Spherulites  from  near  Hot  Springs, 

RUTLEY. 

Warren^s  geography,  Brewer. 

California  Academy  of  Sciences,  Pro- 
ceedinga,  vol.  2. 

Petrographical  notes  from  Baja  Cftli- 
fornia,  Mexico,  Lindorex. 

California,  State  Mineralogist,  ninth 
annual  report. 

Santa  Clara  County,  Webkr. 

San  Nicholas  Island,  Bower. 

Auriferous  gravels,  Hammond. 

San  Diego  County,  Goodyear. 

Santa  Cruz  Island,  Goodyear. 

Notes  on  Channel  Islands,  Yates. 

Los  Angeles  County,  Preston. 

San  Bernardino  County,  Crossman. 

Fossils  as  indicators  of  mineral  prod- 
ucts. Cooper. 

Clays,  Johnson,  W.  D. 

Cements,  Ireland. 

Glass,  De  Groot. 

CALL,  R.  Ellsworth.    The  geology  of 

Crowley's  Ridge,  Arkansas.  [Abstract] 

Iowa  Aoad.  Sci.,  Proc,  1887-8»,  pp.  52-53. 

Brief  doBcription  of  Eoceno  Hnd  Qoateniarj 

formations. 

On  the  geology  of  eastern  Arkausss, 

[Abstract.] 

Iowa  Acad.  Sol.,  Proc,  1887, 1889,  pp. 86^ 
General  description  of  the  fbrmatioiu,  topo- 
grapbio  oharacterlaUca  and  aoils.  and  sltolch 
of  geologic  history  otl^ie  region^ 
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Cambrian. 
Ctmada,  reporfc  on  Qoebec,  Ell8. 

Review  of  Ells's  lepoit  on  Quebec, 
Walcott. 

Acadian  and    St.   Lawrence  water- 
shed, Bailbt. 

Stratigraphy  of  '<  Quebec    Group,'' 
Ells. 

Geological  classification  for  Quebec, 
Marcou. 

Geology  of  Quebec  city,  Ells.  Sel- 

WTN. 

Quebec  and  Taconic,  Am.  Geologist. 
Quebec  group  of   Logan,  Dawson, 

J.  W. 
Geology  of  Ontario,  Bell. 
New  Brunswick,  Bailbt.  Bailey  and 

McIXNES. 

Lower  and  middle  Taconic,  Marcou. 
Serpentines  of  Canada,  GiROL^. 
Organisms  in  Acadia,  Matthew. 
Pre-Paleozoic    surface    in    Cauada 

Lawson. 
Macfarlaue's  Railway  Guide,  Daw 

son,  G.  M. 
Warren*8  geography,  Brewer. 
New  York  and  New  England,  Report;, 

paleozoic  division  of  paleontology, 

U.  S.  Geol.  Survey,  Walcot  r. 
Calciferous   in    Champlain    Valley 

Brainard  and  9eelt. 
Report. — Division  of  Archean  geol 

ogy,  U.  8.  Geol.  Sorvey,  Pumpblly. 
Middle  Cambrian  at  Stissing,  New 

York,  Dwioht. 
Report, — Division   of  Paleozoic    in 

vertebrates,   U.   S.   GeoL    Survey, 

Walcott. 
Mount  Desert  Island,  Shalkr. 
Stodies  of  hornblende  schist.  Hitch 

COCK. 

Cape  Ann,  Shalbr. 
Essex  County,  Massachusetts,  Sears 
Granites  in  Massaohnsetts,  Embrsox. 
Ottrellite    and       Ilnienite     schists^ 

Wolff. 
History  of  Boston  Basin,  Crosby. 
Iron  ores,  Hunt,  T.  S. 
Warren's  geography,  Brewer. 
Macfarlane's  Railway  Gnide,  Dana, 

Dwioht.  Ford.  Crosby.  Hunt,  T. 

S.  Hitchcock. 
Pennaiflvania^Virginiay  Making  of  Penn< 

gylvania,  Claypole. 
Casts  of  Scolithos,  Wanner. 
Iron  ores,  Hunt,  T.  8. 


Cambrian —Con  ti  n  ued . 
Pennsylvania-Virginia-^Coniinvk^, 
Warren's  geography,  Brewer. 
Macfarlane's  Railway  Guide,  Camp- 
bell. Fontaine.  Lesley. 
JllinoiSf  Artesian  waters  from  the  drifb, 

ROLFE. 

Great    Lake   Begionf    Menominee    and 
Marquette  regions,  Irvino. 
Macfarlane's  Railway  Guide,  Cham- 
berlin.  Wincuell,  a. 
Weetern  United  States,  Review  of  Texas 
geology,  Dumble. 
Central    mineral    rogiqp    of   Texas, 

COMSTOCK. 

Central  Texas,  Tare. 

Extinct     volcanoes     in     Colorado, 

Lakes. 
Displacements  in  Grand  Cafion,  Wai^- 

COTT. 

Movements    in    Rocky    Mountains, 

Emmons. 
Northwestern    Colorado   region, 

Whii'e,  C.  a. 
Report,    Montana    division,    U.    S. 

Geol.  Survey,  Peale. 
Black  Hills,  Van  Hise. 
Warreu^s  geography,  Brewer. 
Maofarlane's  Railway  Guide,  Daw- 
son, G.  M.     Emmons.       Hague. 
McGee.  Pumprlly.  Putnam.  A^in- 
CHKLL,  N.  H. 
Nomenclature,  Geological  classification 
for  Quebec,  Marcou. 
History  of  Quebec  group,  Hunt. 
Lower  and  middle  Taconic,  Marcou. 
North  American  Geology  by  Miller, 

Dana. 
Quebec  and  Taconic,  Am.  Geologist. 
Quebec  group  of  Logan,  Dawson, 

J.  W. 
Sedgwick  and  Mnrohison ;  Cambrian 

and  Silurian,  Dana. 
The  Cambrian  system,  Dwight. 
Iron  ores  of  the  United  States,  Hunt, 
T.  S. 
rC AMPBELL,  J.  L.  and  H.  D. ]   Georgia 
Pacific  Railway. 

Macfarlane's  aeol.  Railway  Guide,  2d  edi- 
tion, pp.  383-385. 

Geological  notes  for  atations  in  Alabama 
and  Georgia. 

[ ]  [Virginia  in  part.] 

Macfarlane's  Geol.  Railway  Guide,  2d  edi- 
tion, pp.  859-362. 

Geological  notes  for  railway  stations,  mainly 
in  the  western  part  of  the  State.       jOqTp 
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CANADA.  Acadian  arid  St-  Lawrence 
watershed,  Bailey. 

Ancient  sbores  in  region  of  the  Great 
Lakes,  Spencer.. 

Areas  of  continental  progresH,  Dana. 

Aichean  of  central  Canada,  Lawson. 

Arcbean  axes  of  eastern  North  Amer- 
ica, Dana. 

Archeau  northwest  of  Lake  Superior, 
Lawson. 

Between  Montreal  River  and  Lake 
Hnron,  Bell. 

Big  Bend  of  the  Columbia,  Coleman. 

Calciferon»  in  Champlain  Valley, 
Bkainakd  and  Sebly. 

Calcifcrous  formation,  Waloott. 

Cambrian  organisms  in  Acadia,  Mat- 
thew.  . 

Caribon   district,  British  Columbia, 

BitANNER. 

Copper  at  Thunder  Bay,  Lawson. 
Chalk  from  Niobrara,  Dawson,  G.  M. 
Cretaceous  of  Manitoba,  Tyrrell. 
Deformation  of  Iroquois  beach,  Spe;^- 

CER. 

Duck  and  Ridiug  Mountains.  Tyr- 
rell. 

Eastern  townships  of  Quebec,  Adams. 

Eastern  Maine  and  New  Bruuswick, 
Bailey. 

Eozoon  in  Lauren tian  at  St.  John, 
Matthew. 

Erosion  in  valley  of  the  Don,  Har- 
vey. 

Eruptives  of  Lake  Huron  ^regiQu, 
Fairbanks. 

Excursion  in  northern  Appalachians, 
Williams,  G.  H. 

Expedition  down  Anderson  River, 
Dawson,  G.  M. 

Exploration  in  Yukon  district,  Daw- 
son, G.  M. 

Fossils  from  Manitoba,  White AVEb. 

Fossil  plants  from  Mackenzie  and 
Bow  Rivers,  Dawson,  J,  W. 

Fossil  plants  from  British  Columbia, 
Dawson,  J.  W. 

Fossil  sponges  from  Little  Metis, 
Dawson,  J.  W. 

Gas  in  eastern  Ontario,  Ashburner. 

(ieology  of  Ontario,  Bell. 

Geology  of  Quebec  City,  Ami.  Ells. 

Selwyn. 
Geology  of   the  northwest  of  Lake 

Superior,  Hauvky. 


CANADA— Continued. 

Geological  progress,  Ells. 

Geological  classification  for  Qnebec, 
Marcou. 

Glacial  featnrcs,  Tnkon  and  Mackeu- 
zie  Rivers,  McConnbll. 

Glacial  phenomena,  Bell. 

Glaciation  of  eastern  Canada,  Chai^- 
mbrs. 

Glaciation  of  northern  Cordillera, 
.  Dawson,  G.  M. 

Gold-beariugrocks  in  Halifax  County, 
Faribault. 

GraveJs  of  Ontario,  Spencer. 

History  of  Quebec  group,  Hunt. 

History  of  Niagara  River,  Gilbert. 

Hudson  Bay,  Low. 

Hunter  Island  and  Seine  River  re- 
gion, Smith,  W.  H. 

Huronian-Laurentian  contact  north 
of  Lake  Hnron,  Barlow. 

Hnronian  and  Laurentian  north  of 
Lake  Huron,  Lawson. 

Iroquois  beach,  Davis.   Spencer. 

Iron  ores  of  the  United  States,  Hunt, 
T.S. 

James  Bay  region.  Low. 

Kamanistiquia  silver  belt,  Wood. 

Lake  Tamisoaming  and  Montreal 
River  region,  Bell. 

Lake  St.  John  County,  Chambers. 

Laramie  group,  Tyrrell. 

Limits  of  glaciation  in  the  North- 
west, Chamdeiilin. 
.  Lithology  of  rooks  from  Yukon  dis- 
trict, Adams. 

Lower  and  Middle  Taconic,  Marcoc. 

Lower  Laird  River,  McConnell. 

Lower  Helderberg  of  St.  Helen's 
Island,  Deeks. 

Maquoketa  shales,  James. 

Macfarlane's  Railway  Guide,  Daw- 
son, G.  M. 

Microscopic  examination  of  rocks 
from  Th  under  Bay  silver  district, 
Bayley. 

Mineral  wealth  of  British  Columbia, 
Dawson,  G.  M. 

Mines  on  Lake  Superior,  Ikgali.. 

Mistassini  region,  Low. 

Montcalm  and  Joliette  Counties, 
Adams. 

Moraine  of  recession  in  Ontario, 
Wright. 

Movements  in  Rocky  Mountains,  Em- 
mons. 
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CANADA—Continned. 

Northeastern  extension  of  the  Iro- 
quois beach,  Sprncer. 

North  side  of  the  St.  Lawrence  above 
Qnebeoy  La  flam  MB. 

Northwestern  Manitoba,  Tyrrkll. 

Northern  New  Brunswick,  Bailky 
and  McI^NBB. 

Notes  on  Cretaceous  of  British  Colum- 
bia, Dawson,  G.  M. 

Nova  Scotia  Carboniferous  conglom- 
erate, Gilpin. 

Origin  of  the  basins  of  the  Great 
Lakes,  Spencer,  Bonnet.  Hinds. 
Seely. 

Origin  of  gneiss,  Bell. 

Observations  on  certain  rocks,  WiN- 
chell,  a. 

Petrography  of  certain  dikes  of  liaioy 
Lake  region,  LawsonjuhI  Shi;tt. 

Picton  and  Colchester  conn ties» Nova 
Scotia,  Fletcher. 

Pleistocene  flora  of  Canada,  Dawson,  . 
J.  W.  i 

Pleistocene  submergence,  Spenckr.     i 

Po8t-Tertiary  deposits  of  Manitoba,  ' 
Tyrrell. 

Pot  holes  north  of  Lake  Superior, 
McKellar. 

Pre-Paleozoic  surface  of  Arcbean, 
Lawson. 

Progress  of  investigation  in  New 
Brunswick,  Bailey. 

Quebec  group  of  Logan,  Dawson, 
J.  W. 

Quebec  and  Taconic,  Am.  Gkologist. 

Reply  to  Selwyu  on  geological  classi- 
fication for  Quebec,  Marcou. 

Report  on  Rainy  Lake  region,  Law- 
son. 

Report  on  Quebec.  Ells. 

Results  of   Archean    studies,  WiN- 

CIIKLL,  A. 

Review  of  EUs's  report  on  Quebec, 
Walcott. 

Rocky  Mountain  protaxis,  Dana. 

Seaboard  British  Columbia,  Bowman. 

Sontbern  interior  British  Columbia, 
Dawson,  G.  M- 

Southern  invertebrates  ou  shores  of 
Acadia,  Gannong. 

Sponges  in  rocks  at  St.  John,  Mat- 
thew. 


CANADA— Continued. 

Stratigraphy,  of  "Quebec  Group," 
Ells. 

Summary  reports  of  geological  sur- 
veys for  If^T,  IH><8,  Sei.wyn. 

Surface  geology  of  New  Brunswick, 
Chalmers. 

St.  Lawrence  Valley,  Ells. 

Tracks  in  Animikie  rocks,  Selwyn. 

Trlassio  tra])S  of  Nova  Scotia,  Mars- 

TRR8. 

Warren^s  Geography,  Brewer. 
Canada,  Geological  and  Natural  His- 
tory Survey,   Annual  Report,  neV 
series,  vol.  3,  parts  I  and  2,  1^87-88. 

Summary  reports,  Selwyn. 

Yukon  district,  Dawson,  G.  M. 

Lithology,  Yukon  collections,  Adams. 

Caribou  mlhing  district.  Bowman. 

Duck  and  Riding  Mountains,  Tyr- 

RRLL. 

Rainy  Lake  repflon,  Lawson. 
Mines  of  Lake  Superior,  Ingall. 
Rocks  from    Thunder  Bay  district, 

Baylry. 
James  Bay  country,  Low. 
Portion  of  Province  of  Quebec,  Ells. 
Northern    New   Brunswick,    Bailky 

and  MclNNES. 
Surface    geology  northeastern  New 

Brunswick,  Chal.mer8. 
Mineral  wealth  of  British  Columbia, 
DAWson,  G.  M. 
Canada,  Report  of  Royal  Commiasion 
I      ou  the  mineral  resources  of  Ontario, 
I  Geology  of  Ontario,  Bell. 

Canada,  Royal  Society,  Transactions, 
vol.  7. 
Progress  of   investigation    in    New 

Brunswick,  Bailey. 
Sponges    from    Siluro-Canibrian    at 

Little  Metis,  Dawson,  J.  W. 
Eastern  Maine  and  New  Brunswick, 

Bailey. 
Plants  from  Mackenzie  and  Bow  Riv- 
ers, Dawson,  J.  W. 
Fossils  from  Carabro-Silurian  rocks 

of  Manitoba,  Whiteaves. 
Geology  of  Big  Bend  of  the  Colum- 
bia, Coleman. 
The  Iroquois  beach,  Spenckr. 
Cambrian  organisms  in  Acadia,  Mat- 
thew. 
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Canadiau  Institute,  Proceedings,  vol. 
7. 
Geology  of  Dortb  west  Lake  Saperior, 

Hakvky. 
KamiDistiqnia  silver  beU.,  WOOD. 
Canadian  Record  of  Science,  voL  3, 
Nos.  7,  8. 
Cambrian  organisms  in  Acadia,  Mat- 
thew. 
Lake  SL  John  country,  Chambers. 
Acadian    and    St.  Lawrence  water- 
shed, Bailey. 
How  is  the  Cambrian  diyided  T  Mat- 
thew. 

vol.  4. 

Expedition    down    Anderson   River, 

Dawson,  G.  M. 
Lower    Heiderberg    of    St.    Helen's 

Island,  Desks.         ^ 
Quebec  group  of  Logan,  Dawson, 
J.  W. 
CANNON,  George  L.,  jr.     [Remains  of 
*  Dinosaurs  and  Stegosanrs  in  the  Lara- 
mie of  Montana.] 

Oolorado  Sci.  Soo.,  Proc  vol.  S,  p.  100,  ^  p. 
Remarks  on  tbe  pi&leontolO|^o  evidence  aa 
to  the  age  of  the  containing  beds. 

[Notes  on  the  formations  in  eastern 

Colorado.] 

Colorado  Sol.  Soc,  Froc./Tol. 3,  pp.  215-216, 
fP. 

Refereoce  to  the  thickness  of  the  loess, 
presence  of  extensive  superficial  eolian  depos* 
its,  and  exposures  of  SQpposed  Pliocene  beds 
lying  on  Fox  Hills  secHmente. 

CANT'WELIj,  J.  C.    [Letter  on  the  ice 
cliffs  on  Kowak  River,  Alaska.] 
Am.  Greologiflt,  vol.  6,  pp.  51-52. 
Brief  description  of  their  structure. 

Carboniferous  (including  Permian). 
Canadaf  Caribou  district,  British  Co- 
lumbia, Bowman. 
Nova  Scotia  Carboniferons  conglofn- 

erate,  Gilpin. 
Triassic  traps  of  Nova  Scotia,  Mars- 

TBRS. 

Archean  axes  of  eastern  North  Amer- 
ica, Dana. 
Serpentines,  GiROUX. 
Pictou  and  Colchester  Counties,  Nova 

Scotia,  Fl  ETCHER. 

Progress  in  New  Brunswick,  Ballet. 
Yukon  district,  Dawson,  G.  M. 
Warren's  Geography,  Brewer. 
Macfarlane's  Railway  Guide,  Daw- 
son, G.  M. 


CarboniferouB— Coutinned: 
New  England,  I^stbry  of  Boston,  Bast o 

CUOSBY. 

Essex  County,  Massachusetts,  Sears. 
Ottretite  and  ilmenite  schist,  Wolff. 
Areas  of  continental  progress,  Dana. 
Macfarlane's  Railway  Guide,  Crosby. 

Hitchcock. 
Warren's  Geography,  Brewsr. 
Arobean  axes,  Dana. 

JppaJachiana  to  the  M%$9i8Hppif  locality 

numbers,  Hall. 
Paleozoic  fishes,  Nbwberbt. 
Report  on  oil  and  gas,  Carll. 
Report  on  New  Boston  and  Moiba 

coal  lands,  Lyman. 
Fractared  strata  in  Bedford  County, 

Pennsylvania,  Stevenson. 
Making  of  Pennsylvania,  Claypolb. 
Umbral     limestone     in     Lycoming^ 

Connty,  Pennsylvania,  Meyer. 
Waverly  group,  Cooper,  W.  F. 
Analysis  of  sandstone   from  Ports- 
mouth, Ohio,  Chatard. 
'Analysis  of  sandstone  from  Berea, 

Ohio,  Eakins. 
Analysis  of  sandstone  £rom  Baena 

Vista,  Ohio,  Clarke. 
Sylvan ia  sand  in  Ohio,  Neff. 
Geological  survey  of  Ohio,  report, 

Orton. 

Oil  field  of  Barren  County,  Eentuoky» 
Fischer. 

Warren's  Geography,  Brewer. 

Macfarlane's  Railway  Guide,  Proc- 
tor. Safford.  Collett.  Win- 
CHKLL,  A.  Lesley.  Lewis.  Or- 
ton. Rogers.  Parsons.  White, 
I.  C.  Campbell.  Smith  and  Ges- 
ker.   McCutchen.   Fontaine. 

Analysis  of  metamorphic  rock  from 
Marion,  Kentucky,  Eakins. 

Middleborough,  Boyd. 

Central  basin  of  Tennessee,  Ken- 
nedy. 

Jaira,  Misaouriy  KatMU,  Keokuk  beds, 
Gordon. 

Deep  well  at  Le  Mars,  Iowa,  Todd. 
Folding  in  southwestom  Iowa,  Todd. 
Brecciated   oharaotor   of  St.  Lonis 

limestone,  Gordon. 
Crinoids  from  Burlington  limestone, 

Rowley. 
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[Carboniferous— Conti  nned . 
/oiffl,  Miasourit  ifa«*a«— Continned. 

Coal  beds  of  Lafayette  County,  Mis- 
souri, WiNSLOW. 

Introdaction,  SoutliTreetern  Kansas, 
McGb«. 

Southwestern  Kansas,  Hay. 

Analysis    of    Silverdale    limestone, 
Catlett. 

Artesian  wells  in  Kansas,  Hay. 

Kansas  salt  mines,  Hay. 

Permo  -  Carboniferous     of     Kansas, 

WOOSTKR. 

Warren's  Geography,  Bkkwkr. 

Macfarlane^s  Railway  Guide,  Broad- 
head.    McGeb.    8t.  John. 
Jrkansa8  lo  Mexico,  eastern  Arkansas, 
Call. 

Areas  of  continental  progress,  Dana. 

Indian    Territory    and    Red    River, 
Hill. 

Coal  of  Indian  Territory,  Chance. 

Central  Texas,  Tarr. 

Coal  Held  of  Colorado  River,  Tarr. 

Trans-Pecos  Texas,  Streeruwitz. 

Review  of  Texas  geology,  Dumble. 

Geographic  features  of  Texas,  Hill. 

Permian  of  Texas,  Cummins. 

Central  mineral    region    of    Texas, 

COMSTOCK. 

Central  coal  field  of  Texas,  Cummins. 

Concho   country,    Texas,    Cummins 
and  LvRCH. 

Coal  fields  of  Texas,  Weitzbl. 

Cretaceous     of     northern    Mexico, 
White,  C.  A. 

Baja  California,  Lindgren. 

Warren's  Geography,  Brkwkr. 

Macfarlane's    Railway  Guide,  Fra- 
ZEU.    Loughridge. 
Rocky  Mountain  region^  analysis  of  lime- 
stone from  Montana,  Catlktt. 

Report — Montana  division  U.  S.  Geol. 
Survey,  Peale. 

Report — Division  of  paleobotany,  U. 
S.  Geol.  Survey,  Ward,  L.  F. 

Movements  in  Rocky  Mountains,  £m< 

MONS. 

Northwestern    Colorado    region. 

White,  C.  A. 
Extinct     volcanoes     in     Colorado, 

Lakes. 
Warren's  Geography,  Brewer. 
Msofarlano's  Railway  Guide,  Davis. 

Dawson,  G.  M.    Emmons.     Gil- 


CarbonifarouB — Couti  nuod . 
liocky  Mountain  regtow— Continued. 
BKRT.    Hague.    Pumpklly,    Put- 
nam. 
Arizona^  displacements  in  Grand  CaQon, 
Walcott. 
Macfarlane's  Railway  Gaide,DuTTOW. 
Warren's  Geography,  Brewer. 
Central  America,  Nicaragua,  Crawford. 
Cal\forna,  Lassen  Peak  district,  Dillhr. 
Warren's  Geography,  Brewer. 
Macfarlane's  Railway  Guide,CooPiCK. 
CARLL,  J ohn  F.     Pennsylvania  Geolog- 
ical Survey,  Seventh  Report,  on  the  oil 
an4  gas  fields  of  western  Pennsylvania 
for  1887--*88  (following  the  annual  re- 
ports of  1885  and  1886),  with  additional 
unpublished  well  records,  pp.  viii,  356, 6 
maps,  sections,  and  charts. 

Inclndefl  an  extended  acoount  of  the  stntiK- 
raphy,  structure,  and  distribution  of  the  oil 
and  gas  and  associated  formations  in  Pennsyl- 
vania and  a(]joioing  States. 

CASTILLO,  Antonio  del.  Bosquejo  de 
una  carta  geol6gica  de  la  Repiiblica 
Mexican  a,  for  mad  a  por  disposicion  del 
Secretario  de  Fomento,  Gral.  Carlos 
Pooheco,  por  una  comision  especial. 
I  Escale  de  3,000,000.  1889.  [41  X  iJ9 
inches.] 

Showing  distribution  oX  tbe  various  Meso- 
zoic  and  Cenozoio  sediments  and  Tolcanic  and 
metamorphic  rocks  over  about  four-fifths  of 
itoarea. 
CATIjETT,   C.      [Carboniferous    lime- 
stones from  Montana,  analyses.] 

n.  S.  Oeol.  Survey,  BuU.  No.  60,  p.  154,  \  p. 

Whit«  earth  from  Talladega,  Ala- 
bama [analyses]. 

U.  S.  aeol.  Survey,  Bull.  No.  60,  p.  158,  ^  p. 

[Trenton  limestones  from  Ohio  and 

Indiana,  analyses.] 

U.  S.  Geol.  Survey,  Bull.  No.  60,  pp.  161-102, 

IP- 

Serpentine  and  its  associates, 

[analyses]. 

U.  S.  Geol.  Survey,  Bull.  No.  64,  pp.  43-44. 

Moriah  and  Now  York,  New  York  j  Mont- 

ville,  Now  Jersey,  and  eastern  Fen  nNjrlvania. 

Limestones  from  Silverdale,  Kansas 

[analyses]. 

TJ.  S.  Geol.  Survey,  Bull.  No.  64,  p.  4«,  \  p. 

Clays  [analyses]. 

U.  S.  Geol.  Survey,  Bull.  No.  64,  pp.  51,  \  p. 
Talladega,    Alabama;    Richfield   Springs, 
New   York,   and   Northumberland  County, 
Pennsylvania. 
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Central  Amerioa.    About  the  Nicaragua 
footprints,  Flint. 
Geologic  survey  of  Nicara|;ua,  Craw- 
ford. 
Letter    on    geology    of   Nicaragua, 

Crawford. 
Pleistocene  submergence  of  the  Isth- 
mus of  Panama,  Upham. 

CfiALMBRS,  R.  Report  of  the  surface 
geology  of  northeastern  New  Brunswick 
to  accompany  quarter  sheet  maps  2 
NE.  and  6  SW. 

Oanada,  Geol.  Snnrey,  Reports,  vol.  3,  new 
seriei),  part  2,  report  N,  pp. :»,  2  maps,  183S. 

Abstracts,  Ibid.,  part  1,  report  A,  pp.  37-38. 
t  p :  Am.  Geologist,  vol.  5,  pp.  247,  |  p. 

Descriptions  of  the  various  surface  deposits, 
glacial  phenomena,  terraces,  and  soils. 

[Account  of  examinations  of  surface 

deposits  of  southern  New  Brunswick.] 

Oanada,  Geol.  Survey,  Reports,  vol.  3,  new 
series,  part  1,  report  A,  pp.  94  96, 1888. 

Glacial  deposits  nnd  Rtria«,  basins  of  extinct 
post-Tertiarj-  lakes  and  stratified  post-Ter- 
tiary deposits. 

Glaciation  of  eastern  Canada. 

Am.  aeologist,  vol.  6,  pp.  240-244. 
Abstract  by  author.     Or.giual   paper   in 
Canadian  Record  or  Science,  vol.  3,  pp.  310-333, 

18K9. 

The  glaciation  of  the  Cordillera  and 

the  Laurentide. 

Am.  Geologist,  -vol.  6,  pp.  324--:{23. 
Discusses  extent,  distrilmtion,  and  condi- 
tions of  development  of  Canadian  glacial  sys- 
tems. 

CHAMBERLIN,  T.C.  Report— division 
of  glacial  geology. 

XT.  S.  Oeol.  Survey,  Eighth  Report,  J.  W. 
Powell,  pp.  141-144, 1889. 

An  account  of  f be  various  investigations, 
including  a  brief  abstract  of  certain  results 
obtained  by  Jl.  D.  Salisbury,  in  northern  In- 
diana and  Illinois. 

Introduction.    The  glacial  boundary 

in  western  Pennsylvania,  Ohio,  Ken- 
tucky, Indiana,  and  Illinois  by  Q.  F. 
Wright. 

IT.  S.  Geol.  Survey,  Bull.  No.  58,  pp.  13-38. 

General  remarks  concerning  the  phenomena 
and  hist4>ry  of  the  southeru  margin  of  the 
drift,  account  of  observations  on  terraces 
of  the  upper  Ohio  River,  and  discnssionof  the 
age  and  relations  and  history  of  these  terraces, 
of  the  conditions  attending  the  presence  of  a 
glacial  ice  dam  in  the  Ohio  River,  and  of  the 
discrimiDatlon  of  fluvial  and  lacustral  ter- 
races in  general. 


CHAMBERLIN,  T.  C— Continued. 

Bowlder  belts  distinguished  from 

bowlder  trains ;  their  origin  and  sig- 
nificance. 

aeol.  Am.  Soo.,  BnU.,  vol  1,  pp.  27-28, 30-31. 
Discoesed  by  A.  Winchell,  (f.  F.  Wrljiht, 
and  C.  Q.  Hitchcock,  pp.  2(^31. 

[Remarks  on  the  extent  of  Pleisto- 
cene glaciers  and  the  cause  of  the  glacial 
epoch.  ] 

Geol.  Soc.  Am.,Boll.,vol.  1,  pp.  154-1.S5,  f  p. 

In  disonsslon  of  paper  by  I.  C.  Russell  pn> 
litled  "Xotes  on  the  surface  geology  of 
Alaska." 

[Remarks  on    the  outlet  of   Lake 

Agassiz  and  the  limitation  of  Pleisto- 
cene glaciation  in  northwestern  North 
America.] 

aeol.  Soc.  Am.,  Bull.,  voL  1,  pp.  407-408. 

Some  additional  evidences  bearing 

on  the  interval  between  the  glacial 
epochs. 

Geol.  Soc.  Am.,  Bull.,  voL  1,  pp.4eSM74, 
475-476, 478-479. 

Abstracts,  Am.  Geologist,  voL  S,  p.  118,  i  p. ; 
Am.  Naturalist,  vol.  24,  p.  771, 0  lines. 

Discusst's  evidonc«  of  lo^er  Mississippi, 
Ohio,  Susquehanna,  and  Delaware  Rivera. 
Discussed  by  W  J  MoGee.  J.  R.  Proctor,  F.  J. 
H.  MerriH,  and  I.  0.  White,  pp.  474-479. 

North  and  South  Dakota. 

Macfarlane^Geol.  Railway  Guide,  2d  edi- 
tion, pp.  253-256, 
Geoloj^c  notes  for  railway  stations. 

Wisconsin. 

Macfarlane's  Geol.  Railway  Guide,  2d  edi- 
tion, pp.  223-232. 
Geologic  notes  for  railway  stations. 

[Notes  on  glacial  features  at  points 

in  New  York,  Illinois,  and  Dakota.] 

Macfarlad^*8  Qto\.  Railway  Guide,  2d  edi- 
tion, pp.  131, 134, 138, 221, 253-256. 

CHAMBERS.  K.  T.  Notes  on  the  Lake 
St.  John  country. 

Canadian  Record  of  Science,  vol.  3,  pp.  388- 
394.    1889. 

Contains  brief  references  to  oharacteristica 
of  the  crystalline  rocks  and  to  some  occur- 
rences of  Trenton  fossils  and  Pleistocene 
deposits. 

CHANCE,  H.  M.  Coal  Measures  of  the 
Indian  Territory. 

Am.  Geologist,  vol.  6,  pp.  238-240. 
Gf^nei-al  account  of  thickness,  extent,  stmti- 
fjrraphio  components,  and  age. 

[Geological  notes  on  Mexican  Cen- 
tral Railroad.] 

Macfarlane's  Geol.  Railway  Guide,  2d  edi- 
tion, p.  418,  i  p.  C"r^i^n]o 
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CHANCE,  H.  M.— Continued. 

Xorth  Carolina. 

Macfarlane's  Geol.  Railway  anide,  2d  c<li- 
tion,  pp.  365-308. 

Chapter  by  W.C.Kerr  of  first  6ilitioii,  eu- 
'largeil  and  revised  by  H.M.  Chance. 
CHARLTON,  Thomas.  Notes  on  the 
occurrence  of  charcoal  at  a  depth  of 
6;J0  feet  in  the  Silver  Cliff  minWig  dis- 
trict, Caster  County,  Colorado. 

Engineering  and  Mining  Jour.,  vol, 40,  p. 
332,  i  col.    49. 

Geologic  relationa.    Reference  to  age  of  the 
rliyoHle«. 
CHATARD,  T.  M.  Two  [ernptive]  rocks 
from  Montana.     [Analyses.] 

U.  S.  Oeol.  Survey,  Bull..  No.  55,  pp.  83-84, 
S  p.,  1889. 

From  Cottonwood  Creek  and  eaat  of  Ft 
Ellis. 

[Volcanic]  rocks  from  California. 

[Anals'ses.] 

U.  S.  Geol.  Survey,  Bull.,  No.  55,  p. 84,  ^  p., 
1889. 

Two  clays  from   shore  of   Owen's 

Lake,  California.     [Analyses.] 

U.  S.  Geol.  Survey,  Bull.,  No. 55,  p.  89,  ^  p., 
3889. 

Natural  soda*;    its  occnrrence  and 

utilization. 

U.  S.  Geol.  Survey,  Bull.,  No. 60,  pp.  27-101. 
Includes  denoription  of  dopositH  in  various 
parts  of  the  world,  espechillv  in  Califprnia, 
Neva<1a,  and  Oregon. 
Brick  clay  from  New  lllm,  Minne- 
sota.    [Analyses.] 

XJ.  S.  Geol.  Siurvey,  Bull., No. 60,  p.  151,  i  p. 

Rooks  collected   hy  R.  D.  Irving. 

[Iron  carbonates  and  limestonca,  Pono- 
kee-Gogebic  region.    Analyses.] 

tr.  S.  Geol.  Survey,  Bull.,  No.  80,  pp.  150-151 

Inclusion  in  diorite  from  Cruger's 

station,   near    Peekskill,    New    York. 
[Analysis.] 

U.  S.  Geol.  Survey,  BuU.,  No.  60,  p.  158,  i  p. 
Basalt  Island  ofMytilene,  Asia  Minor, 

[Analysis.] 

U.  S.  Geol.  Survey,  Bull.,  No. 60,  p.  158.  J  p. 

Rocks  from  Baltimore  Connty,  Mary- 
land.   [Analyses.] 

TT.  S.  Geol.  Survey,  Bull.,  No.  64,  p.  43, i  p. 
Pyroxenite  and  diallage-bronzite  rocks. 

Sandstones  from  near   Portsmouth, 

Ohio.    [Analysis.] 

U.  S.  Geol.  Survey,  Bull.,  No.  64, p. 45,  i  p. 

Diabase,    Penokee-Gogebic   range, 

Michigan.     [Analyses.  ] 

XT.  S.  Geol.  Survey,  Bull.,  No.  64,  p.47,  J  p. 


CHATARD,  T.  M.  and  BASINS,  L.  G. 

koeks  from  Montana.     [Analyses.  ] 
U.  S.  a*ol.  Survey,  Bull..  No.  80,  pp.  irjS-lSi. 

CHBSTBR,  Frederick  D.    Tlie  gabbros 
and  associated  rocks  in  Delaware. 
XJ.  S.  Geol.  Survey,  Bull.  59,  pp.  45,  map. 
Petrographlc     deaoriptiona,     account    of 
atrnctiiral  relations,  distribution,  discnsslon 
of  origin,  and    genetic  relations.     Colored 
gooloj:io  map  of  northern  Delaware. 
The  state  line  serpentine  and  associ- 
ated uockrt. 

Pennsylvania   Geol.    Survey,    Report    for 
1887,  pp.  9.1-105. 

Abstract,  Am.  Naturalist,  vol  23.  p.  812,  J  p. 
1889. 

Potroprapby  of  the  serpentines  and  associ- 
ated rocks  and  brief  discussion  of  their  history 
and  stiuctural  relations. 
—Delaware,  Eastern  shore  of  Maryland 
and  Virginia. 

Macfarlane's  Geol.  Railway  Guide,  2d  edi- 
tion, pp.  329-331. 

GeologUal  notes  for  railway  stations  aud 
their  vicinity, 


Cincinnati  Society  of  Natural  His- 
tory, Journal,  vol.  13. 

Cave  in  Clinton  formation  of  Ohio, 
James. 

CLARK,  William  B.    On  the  Tertiary 
deposits  of  the  Cape  Fear  River  region. 
Geol.  Soc.  Am.,  Bull.,  vol.  1,  pp.  537-510. 
Abstracts,  Am.  Geologist,  vol.  5,  p,  119,  ^ 
p. ;  Am.  Naturalist,  vol.  24.  p.  289,  i  p. 

Relations,  history,  and  fauoa  of  Cretaceous 
Eocene  and  Miocene. 

Third  annnal  geological  expedition 

into  southern  Maryland  and  Virginia. 
Johns  Hop  kins  Univ.,  Circulars,  vol.  0,  No. 
81,  pp.  69-71. 4°. 

Brief  summary  of  formations  of  the  coastal 
plain  aud  notes  on  the  exposures  at  Fort 
Waahlngtou,  Glymont,  Acquia  Creek,  Pope's 
Crook,  No  nini  ClifTs,  St  Mary's  River,  and 
Cornfield  Harbor  on  the  Potomac,  Yorktown 
on  the  York,  and  G¥ove  wharf  on  the  Jamea. 

The  geological  features  of  Gay  Head, 

Massaehnsetts. 

Johns HopWnsUniv.,  Oirculars,  vol.  10,  No. 
84,  p.  28,  U  col.,  40. 

Includes  brief  general  references  to  the 
Cretaceous,  Tertiary,  and  Pleistocene  forma- 
tions  and  structure. 
CLARKE,  F.  W.      Triassic    sandstone 
from  Maryland.     [Analysis.] 

U.  S.  Geol.  Survey,  Bnll.,  No.  65,  p.  80,  i  p., 
1889. 
From  near  Hancock.  ^-^  ^ 
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CLARKB,  F.  W.—Coutinucd. 
Clay    .    .    .    from  Martha's  Vine- 
yard, Massachusetts,  parital  analysis. 

XT.  S.  Geol.  Sanrey,  Bnll.,  No  55,  pp.80-»0, 
Sp.    1889. 

[Trenton  limestone  from  Ohio  and 

Indian.'i,  analyses] 

U.  S.  Geol.   Survey,  BnU.,  No.  60,  pp.  160, 
1«2,  i  p. 

Coqnina  and  coral    rocks.    [From 

Florida  analyses.] 

IT.  S.  Geol.  Snrvey,  Ball. ,  No.  60,  p.  162,  f  p. 

Sandstone  from  Bnena  Vista,  Ohio. 

[Analysis.] 

U.  S.  Geol.  Surrey,  BulL,  No.  6i,  p.  45,  ^  p. 

and  RIGGS,    R.   B.      [Limestone 

from  Ohio.    Analyses.] 

U.  S.  Geol.  Surrey, Bull.,  No.  60,  p.  160,  |p. 
Trenton  limeatoDes  and  Utica  shalea. 

CLARKE,  J.  M.  Report  on  the  bones 
of  Mastodon  or  Elephas  found  associ- 
ated with  charcoal  and  pottery  at  At- 
tica, Wyoming  County,  New  York. 

New  York  State  Museum,*  Forty-Firet  Re- 
port, pp.  38&-390.  pis.    1888. 
Desoription  and  section  of  containing  beds. 

The  Hercynian  question.    A  brief 

review  of  its  development  and  present 
status,  with  a  few  remark.s  upon  its 
relation  to  the  current  classification  of 
American  faunas. 

New  York  State  Museum,  Forty.Second 
Report,  pp.  40^-437.    1889. 

DisoQHsed  by  C.  D,  Walcott,  Am.  Jour.  Sci., 
3(1  series,  vol.  30,  pp.  155-156. 

Roview  of  the  faunal  relations  of  the  Upper 
Silurian  to  tho  Lower  Devonian. 

CLAYPOLB,  E.  W.  Illustration  of  the 
•Mevel  of  no  strain"  in  the  crust  of  the 
earth. 

Am.  Geologist,  vol.  5,  pp.  83-88. 
Dl8<u»8ion  of  its  posflion. 

The  making  of  Pennsylvania. 

Am.  Geologist,  vol.  5,  pp.  225-234. 
Sketch  of  the  Paleosoic  geologic  history. 

The  reality  of  a  level  of  no  strain  in 

the  crust  of  the  earth.     [Abstract.] 
Am.  Assoc.  Adv.  Sci.,  Proc,  vol.  38,  p.  232 
4  p. 

CLAYPOLE,  K.  B.  Recent  glacial 
work  in  Europe. 

Popular  Science  Monthly,  vol.  87,  pp.  103- 
100. 


CLIFFORD,  W.  Additional  notes  no 
Kichmond  coal  field,  Virginia,  in  reply 
to  critici.sms. 

•    Manchester  Greol,  See,  Trans.,  vol.20,  pp. 
247-256,1880. 

Discussion  of  stracture,  stratigraphy,  and 
relation  of  eruptives,  together  with  quota- 
tions fYt»m  various  observers. 

COLEMAN,  A.  P.  Notes  on  the  geogra- 
phy and  geology  of  the  Big  Bend  of 
the  Columbia. 

Canada,  Roy.  Soc,  Trans. ,  vol.  7,  Sec  iv 
pp.  97-108,  pi. 

Potrographlc  description  of  rocks  collected 
and  notes  on  the  general  giiology  of  the  re- 
gion. 

COLLETT,  John.    Indiana. 

Macfarlane's  Geol.  Railway  Guide,  2d  edi- 

tlon,  pp.  198-207. 
Geological  notes  for  railway  stations. 
Colorado,   charcoal  in  Custer  County, 
Charlton. 

Building  stones,  Merrill,  G.P. 

Colorado  gfoup,  Stevenson. 

Eruptive  rocks  of  Boulder  County, 
Palmer. 

Eruptions  of  Spanish  Peaks  region, 
Hills. 

Extinct  volcanoes,  Lakes. 

Formations   of     eastern    Colorado, 
Cannon. 

Huerfano  beds,  Hills. 

Laramie  group,  Cope.    Newberry. 
Stevenson.    Ward,  L.  F, 

Movements  i  n  Rocky  Mountains,  Em- 
mons. 

Macfarlane*s    Railway    Guide,   Em- 
mons. 

Northwestern  Colorado,  White,  C.  A. 

Plications   of  coal    measures,    Van 
Diest. 

Pre-Cambriau  of  the  Black  Hills  of 
Dakota,  Van  Hise. 

Primary  quartz  in  basalts,  Iddings. 
Report— Rocky  Mountain  division,  U. 

S.  Geol.  Survey,  Emmons. 
Secondary  minerals  of  amphibole  and 
pyroxene  groups.  Cross. 

Stratigraphic  studies  in  Denver  basin, 

Eldridge. 
Structural  features  near  Denver,  El- 
dridge. 
Warren's  Geography,  Brewer. 
Colorado  Scientific  Society,  Proceed- 
ings, VOL  3,  part  2. 
Plications  in  coal  measures  in  south- 
east Colorado,  Van  Du«l^,^^rtT/> 
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Colorado  Soientifio  Society,  Proceed- 
lags — ^Continaed. 
DiDosanrs,  etc.,  in  Laramie  of  Mon- 
tana, Cannon. 
Formations  of  eastern  Colorado,  Can- 
non. 
Not«  on  Hnerfano  beds,  Hillb. 
Eruptions  of  Spanish  Peaks  region, 

Hills. 
Ernptiye  rooks  of  Boulder  County, 
Palmsb. 
COM8TOCK,  Theodore  B.    A  prelim- 
ioary  report  on  the  geoloj^y  of  the  cen- 
tral mineral  region  of  Texas. 

Tezu,  aeol.  SorreT,  Fint  Annoal  B«poi% 
pp.  237-391,  pL  2. 

AbstnMst,  Am.  a«ologi«t,  vol.  e,  p.  123.  4 
linM.    . 

/I.rch6an,  Eparohean,  CambriaD,  Silnriao, 
and  BeYonlan I  formatiuDs.  Eraptives. 
Struotare.  Carboniferoas  to  Tertiary  uplifts. 
Economlo  geolot^y,  pp.  329-378.  List  of  min- 
erals, 379-391.    Plate  of  geologic  sections. 

[CONDON,  Thomas.]    Oregon. 

Macfarlane's  Oeol.  Bailway  Onide,  2d  edi- 
tion, pp.  316-^17. 
Geological  notes  for  railway  stations. 

Conneotitout,  Archean  axes,  Dana. 

Boring  at  New  Haven,  Hubbard. 

Building  stone,  Mbkrill,  G.  P. 

Glacial  action  in  southeastern  Con- 
necticut, Wells. 

Fillings  in  fissures  at  Meriden,  Davis. 

Glacial  scratches  near  Norfolk,  Cor- 
nish. 

Limestone  at  Norfolk,  Dana. 

Madison  Boulder,  Crosby. 

Snbaerial  decay  of  rocks,  Dana. 

Macfarlane's  Railway  Guide,  Hitch- 
cock. 

Tacouic  Mountains,  Am.  Geologist. 

Trapsof  East  Haven-Bran  ford  region, 
HOVEY,  E.  O. 

Warren's  Geography,  Brewer. 

COOPER,  J.  G.  The  value  of  fossils  as 
indicatbrs  of  Important  mineral  prod- 
ucts. 

Oalifomia,  Ninth  Beport  of  Mineralogist, 
pp.  284-286. 

Comprises  some  general  statements  rogard- 
fng  the  distribntioQ  of  Qnatei  nary,  Tertiarj*, 
Cretaceous,  Jnra-Trlas,  Carboniferoas.  and 
Archean  formations  in  Caliiornia. 

California. 

Macfarlane's  Gool.  Railway  Galde,2d  edi- 
tion, pp.  318.323,  324-328. 
Geological  notes  for  railway  stations. 


COOPER,  W.  F.    The  Wayerly  group. 

Denison  IXniTeraity,  8ci.  Lab.,  Bull.,  voL 
6,  pp.  24-32. 

Doseriptlons  of  the  formation  in  central  and 
northern  Ohio. 

COPE,  E.  D.  [Remarks  on  the  age  and 
stratigraphto  components  of  the  Lara- 
mie group.] 

Geol.  Soc.  Am.,  BnlL,  vol.  1,  p.  832. 
Am.  Vatnralist,  toL  24,  p.  609. 
Abstract,  Am.  Geologist,  toL  6,  p.  118,  4 
linos. 

DiAcnsslon  of  paper  by  J.  3.  Newberry, 
"The  Laramie  Group. " 

The  Silver  Lake  of  Oregon  and  its 

origin. 

Am.  Nataralist,  vol.  28,  pp.  970-882,  pis.  40, 
41.    1889. 

Contains  incidental  references  to  the  geol- 
ogy. 

[ ]  [Remarks  on  heds  in  which  Nam  pa 

image  was  found.] 

Am.  Naturalist,  roL  24,  p.  20S,  3  lines. 
Keferouce  to  their  age  and  eqalvalency. 

[ ]  Macfarlane's  American  Geological 

Railway  Gtiide. 

Am.  Naturalist,  toL  24.  p.  952.  ^  p. 
loclndes  a  brief  criticism  on  the  use  of  the 
term  "Niobrara." 

CORNISH,  R.  H.    Glacial  scratch  es  in 
the  vicinity  of  Norfolk,  Connecticut. 
Am.  MOW.  Sol.,  3d  series,  toL  39, p. 821,  ^  p. 
Directions. 
COX,  E.   T.    An   extensive  deposit   of 
phosphate  rock  in  Florida. 

Am.  Naturalist,  vol  24,  pp.  1185-1186,  g  p. 
Some  general  statements  In  regard  to  its 
distribution,    characteristics,   and  probable 
origin. 

CRAGIN,  F.  W.  On  the  Cheyenne  sand- 
stone and  theNeocomian  shales  of  Kan- 
sas. 

Washburn  Coll.,  Lab.,  Bull.,  vol.  2,  pp. 
69-80. 
Am.  Geologist,  voL  6,  pp.  238-23& 
Absti*act,  Popular  Science  Monthly,  voL  87, 
pp.  666-567, 1  col. 

Stratigraphio  and  paleontologic  eqaiva- 
loney. 

CRAMER,  Frank.  On  a  recent  rock 
flexure. 

Am.  Jour.  Soi. ,  8d  series,  vol.  89,  pp.  220-226. 
An  account  of  slight  flezings  in  limestone 
in  the  valley  of  Fox  Biver,  Wisconsin,  and 
difioussion  of  their  nature  and  oanae. 

CRAWFORD,  J.  [Letter  on  the  geol- 
ogy of  Nicaragua.] 

Science,  vol.  15,  pp.  33-32, 4°. 
In  connection  with  the  occurrence  of  foot- 
prints described  in  the  oontaiuing  paper  by 

Ifiarl  Flint.  C^r^r\n]r> 
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CRAWFORD,  J.— Continued. 

The  geological  survey  of  Nicaragua. 

Am.  Geologist,  voL  6,  pp.  377-381. 
Brier  uotices  of  oharac-tcri8tic8  and  dlatri- 
bntion    of    volcanic.    Pleistocene,  Tertiary, 
ilesozoic,  Permian,  Carboniferous,  Devon iaii, 
and  crsfttalline  rocks. 

Cretaceous.    Atlantic  coastal  region.   De- 
posits   of  eastern    MassachnsettH, 

SllALKIl. 

Aual^  Hcs  of  clay  and  san*!  from  Mar- 
tlia's    Vineyard,    Clakkk,    F.   W. 

Gay  Head,  Massachusetts,  Clakk. 
Mkkkill,  F.  J.  H.    Ward,  L.  F. 

Cretaceous  fossils,  Martha's  Vino- 
yard,  SiiALER.    Whitk,  D. 

Report— Atlantic  coast  division,  U.  S. 
Gcol.  Survey,  Sualer. 

Ancient  shore  lines,  Merrill,  F.  J.  H. 

Long  Island  Sound  and  suhraerged 
channel  of  the  Hudson,  Dana. 

Traps  of  Newark  system  in  New  Jer- 
sey region,  DaRTO.m. 

Clay  at  Monmouth  junction,  New 
Jersey,  Martin.    Britton. 

North  American  Mesozoic,  Wiiitk, 
C.A. 

Distrihutiou  of  fossil  plants,  Ward, 
L.F. 

Macfarlane's  Railway  Guide. 
Chanck.  Chester.  Fontaine. 
Smith  and  Gesner.  Hammond, 
H.    McCuTciiEN.  Smock.  Uuler. 

Rivers  of  northern  New  Jersey,  Da- 
vis. 

Topographic  development  of  New 
Jersey,  Davis  and  Wood. 

Amboy  clays,  Newberry. 

Artesian  wells,  New  Jersey,  Nason. 

Gabbros  of  Delaware,  Chester. 

Report— Division  of  paleobotany,  U. 
S.  Geol.  Survey,  Ward,  L.  F. 

[Age  of  Potomac  formation.]  Report 
— U.  S.  Geol.  Survey,  Marsh. 

Southern  Maryland,  Clark. 

Potomac  flora,  Fontaine. 

Fossil  wood  of  Potomac  formation, 
Knowlton. 
•         Southern  extension  of  Appomattox 
formation,  McCiEE. 

Southern  drift  of  Georgia,  Spencer. 

Cape  Fear  River  region.  North  Caro- 
lina, Clark. 

Warren's  Geography,  Brewer. 


Cretaceous- Continued. 

Cavada,  Cretaceous  of  Manitoba,  Tyi«- 

RELL. 

Duck  and  Riding  Mountains,  Tyr- 
rell. 

Northwestern  Manitoba,  Tyrrell. 

North  American  Mesozoic,  White, 
C.A. 

Distribution  of  fossil  plants.  Ward, 
L.F. 

Expedition  down  Anderson  River, 
Dawson,  G.M. 

Mineral  wealth  of  British  Colombia, 
Dawson,  G.  M. 

Yukon  and  Mackenzie  Rivers,  Mc- 

CONNELL. 

Chalk,  Dawson,  J.  W.     .. 

Macfarlane's  Railway  Guide,  Daw- 
son, G.  M.  * 

Laramie  and  its  associat-es,  Tyrrell. 

Seaboard  of  British  Columbia,  Bow- 
man. 

Notes  on  British  Colnnibia,  Dawson, 
G.M. 

Caribou  district,  British  Colnmbia, 
Bowman. 

Yukon  district,  Dawson,  G.  M. 

Lower  Liard  River,  McConnell. 

Warren's  Geography,  Brewer. 
Great  Vlaina  and  Rooky  Mountain  rcgioHj 
Cheyenne    sandstone    of    Kansas, 
Cragin. 

Chalk  from  Niobrara  of  Kansas,  Wil- 

LISTON. 

Kansas  salt  mine,  Hay. 

Lignite  in  Dakota  formation.  Hay. 

Macfailane's  Railway  Guide,  Bailey, 
G.  E.  Eldridge.  Emmons. 
Broadhead.  Cbamberlin.  Gil- 
bert. Hague.  McGee.  Pum- 
pelly.  Putnam.  St.  John. 
Scott.  Todd.  Upham.  Win- 
ch ell,  N.  H. 
,     Southwestern  Kansas,  Hay. 

Lineage  of  Lake  Agassiz,  Todd. 

Terraces  of  the  Missouri,  Todd. 

North  American  Mesozoic,  Wiutk, 
C.A. 

Artesian  wells  in  Dakota,  Upham. 

Laramie,  Montana,  Cannon. 

Report  of  Geologist  of  Wyoming, 
Ricketts. 

Yellowstone  Park,  Iddings.  Hague. 

Skull  of  CeratopsidiB,  MAi^H.^T^ 
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Cretaceous— Continued. 

Great  Plains  and  Rocky  Mountain  re- 
gion— Coo  tinned. 

Northwestern     Colorado    region, 
White,  C.  A. 

Coal  measures  in  Coloiado  and  New 
Mexico,  Van  Diest.  | 

Crazy  Moan  tains.  Montana,  Woi.fk. 

Distribution  of  fossil  plantK,  Wauii,  , 
L.  F. 

Custer  Connty,  Colorado,  Charlton. 

Eruptive  rocks  of  Boulder  County,  I 
Colorado,  Palme  it.  ' 

Areas   of    continental     ])ro<;resH    in  \ 
North  America,  Dana. 

Huerfano  beds,  Hills. 

Colorado  group  in  Colorado  and  New 
Mexico,  Stevenson. 

Laramie  group.    Cope.    Newberry. 
Stevenson.    Ward,  L.  F. 

Spanish  Peaks  region,  Hilijs. 

Kooky  Mountain  protaxis,  Dana. 

Movements  in  Eocky  Mountains,  Em- 
mons. 

Displacements  in  Grand  Can  on,  Wal- 

COTT. 

Warren's  Geography,  Brewer. 
Low(T    Cretaceous    of    San    Carlos 

Mountains,  New  Mexico,   White, 

C.A. 
Texas    region,    American    Neocomiau, 

Marcou. 
Central  coal  field  Texas,  Cummins. 
Macfai lane's    Railway    Guide,    HiL- 

GARD.     LOUGHRIDGK.      OWEN. 

Concho  country,  Texas,  Cummins  and 

Leach. 
Trans-Pecos  Texas,  Strekruwitz. 
Review  of  Texas  geolotry,  Dumblk. 
Areas    of    continental    progress    in 

North  America,  Dana. 
Geographic  features  of  Toxas,  Hill. 
Igneous  rocks  of  central  Te'xas,  Hirx 

and  DUMBLE. 
Fossils  of  the  Trinity  beds,  Hill. 
List  of  invertebrates  of  Cretaceous 

of  Texas,  and  short  description  of 

the  system,  Hill. 
Pilot  Knob,  Hill. 

Occurrence  of  Goniolina  in  the  Co- 
manche series,  Hill. 
Permian  of  Texas,  Cummins. 
•    Central  Texas,  Tarr. 

Central   mineral   region   of    Texas, 

Comstogk, 


Cretaceona— Continued. 
TifX4u  rfflfwrn— Continued. 
Carbooiferousof  central  Texas,  Tarr. 
('oal  fields  of  Colorado  River,  Tarr. 
Report— Division  of  Mesozoic  paleon- 
tology, U.  S.  Geol.  Survey,  White, 
C.A. 
Cretaceous  rooks  of  Texas,  Hill. 
Eastern  Arkansas,  Call. 
Analysis  of  eruptive  from  Arkannas, 

Eakins. 
Northern  Mexico,  White,  C.  A. 
Report — Division  of  Mesozoii'  inverte- 
brates, U.  S.  Geol.  Survey,  White, 
C.A. 
Indian    Territory    and    Red    River, 

Hill. 
Warren's  Geography,  Brewer. 
Mexico^  Geological  map,  Castillo. 
Kentucky  J  Macfarlane's  Railway  Guide, 

Proctor. 
Pacijic  coasts  northern  California,  Dil- 

LER. 

Lassen  Peak  District,  DiLLBR. 

Sandstone  dikes,  Diller. 

Geology    of     quicksilver     deposits, 

liKCKKU. 

ReiK)rt — Division  of  volcanic  geology, 

IJ.  S.  Geol.  Survej-,  Dutton. 
Report— California  Division,   U.    8. 

Geol.  Survey,  Becker. 
Macfarlane's   Railway  Guide,   Con- 
don.    Cooper.     Dutton.     Tur- 
ner.   Willis. 
Warren's  Geography,  Brewer. 
South  Americay  Sergipe-Alagofts  region, 
Brazil,  Branner. 
CROSBT,  W.  O.    [Remarks  on  evidence 
in  the  till  as  to  the  climate  of  the  gla- 
cial period.] 

Boston  Soc.  Nat.  Hist.,  Proc,  vol.  24,  pp. 
480-467,  8  p. 

Abstract.  Am.  Geologist,  vol.  6,  pp.  12S-124, 
9  linef. 

Brief  atatoment*  In  regard  to  composition 
and  relation.s  of  the  till,  eopeoially  in  liio  Bos- 
ton resion,  in  their  bearing  on  condition.s  of 
rock  dpconipoaition  and  climate  during  the 
glacial  perio<l. 

Geological   history  of  the    Boston 

basin. 

Boston  Soc  Nat.  Hist.,  Proc,  voL  25,  pp. 
10-17. 

Abstract  of  a  tecture  in  which  a  general 
description  is  given  of  the  geology  of  the  re- 
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CROSBT.  W.  O.— Continued. 

The  Kaolin  in  Blaudford,  MiuBsacbu- 

setts. 

Technology  Qnart.,  vol.  3,  pp.  228-237. 
l>t8criptiouB  of  iie  geologic  rclationa  and 
ABSociattd  rotks,  and  disouMion  of  iia  pre- 
glaciiil  age  and  of  rock  decay  in  general  in 
New  England. 

The  Madison  bowlder. 

Appalachia,  vol.  6,  pp.  61-70, 105,  pi.  5. 
Description  of  tbe  bowlder  and  dlBcussion 

of  ita  source.    Includes  a  reference  to  a  sim- 
ilar bowlder  in  Connecfciont. 

Mas8achiiBett6. 

Macfarlane'fc  Qeol.  Railwar'anide,  2d  edi- 
tion, pp.  09-107. 

Geological  notes  for  railway  stations  and 
table  of  geological  formations  of  the  State. 
CROSS,  Whitman.    Notes  on  some  sec- 
ondary minerals  of  the  amphibole  and 
pyroxene  gronps. 

Am.  Jonr.  Sci.,  3d  series,  vol.  39,  pp.  350-370. 
Includes  biief  prefatory  statements  in  re- 
gard to  tbe  dike  in  Custer  County.  Colorado, 
from  which  the  specimens  were  obtained. 
GROSSMAN,  James  H.    San  Beinar- 
diiio  County. 

Oalifomia,  Ninth  Report  of  Mineralogist, 
pp.  21 4-239. 

Incidental  references  to  geology  at  various 
points. 


CUMAONS,  W.  F.    The  southern  bor- 
der of  the  central  coal  tield. 

Texas,  Oeol.  Snrrej,  First  Axmnal  Report, 
pp.  143-182. 

Stratigraphy,  Creiaoeoas  and  Permian  for- 
mations, dips,  economic  geology,  soils,  arto- 
aian  wells. 

The  Permian  of  Texas  and  its  over- 
lying beds. 

Texas,  Oeol.  Surrey,  First  Annnai  Report, 
pp.  183-197. 

Distribution,  stratigraphy,  and  economSo 
geology  of  thb  Permian,  and  characteristles 
of  two  overlying  formations  of  undetermined 
age. 

and  iiERCH,  Otto.     A  geological 

survey  of  the  Concho  country,  JState  of 
Texas. 

Am.  Geologist,  voL  5^  pp.  321-335,  map. 
Physiography,  Pleistocene,  Cretaceous,  and 
Permian  formations.   Economio  geology. 

CURTIS,  J.  8.    The  banket  deposits  of 
the  Witwatersrand. 

Engineering  and  BCining  Jonr.,  vol.  49,  pp^ 

aoo-201, 40. 

South  Africa. 


D. 


Dakotas,  Artesian  wells,  Ufham. 
Lineage  of  Lake  Agassiz,  Todd. 
Pre-Cambrian  of   the   Black    Hills, 

Van  H18K. 
Report — Division  of  vertebrate  pale- 
ontology,   U.     8.     Geol.   Survey^, 
Marsh. 
Warren's  Geography,  Brewer. 
Macfarlane's  Railway  Guide,  Bailey. 
Chamberlin.    Dawbon,  G.  M. 
Pumpelly.      Todd.     Winchell. 
N.H. 
DALL,  William  Healey.    Contribntions 
t'o  the  Tertiary  fauna  of  Florida,  with 
especial  reference  to  the  Miocene  si  lex 
beds  of  Tampa  and  the  Pliocene  beds 
of  Caloosahatchie  River. 

Wagner  Inst.  Sci..  Trans.,  vol. 3,  jtart  1, 
pp.  200,  pis.  12. 

Contains  incidental  references  to  the  fus- 
siliferous  strata. 

[Remarks  on  the  paleontology  of 

the    northwest    coast   of   the    United 
8tate8.1 

Am.  Naturalist,  vol.  24,  pp.  1223-1224. 

Road  to  Biological  ^cioty  of  Washington, 
1890. 

Beferences  to  Tertiary  and  Plolstoceue  of 
wostom  Oregon  and  California. 


DALL,  William  Healey— Continued. 
Report— Division  of  Cenozoio  inver- 
tebrates. 

U.  S.  aeol.  Surrey,  Ninth  Report,  J.  W. 
Powell,  pp.  123-127.  1889. 

Includes  brief  references  to  observations  on 
Mi<>cene  marls  of  sontbeni  New  Jersey  and 
to  explorations  by  Joseph  Wfllcox  in  sontti. 
central  Florida. 

DAITA,  James  D.  Areas  of  continental 
progress  in  North  America  and  the  in- 
flaence  of  the  conditions  of  these  areas 
on  the  work  carried  forward  within 
them. 

aeol.  Soo.  Am.,  Bull.,  vol.  1,  pp.  86-48. 
A  general  review  of  the  conditions  attend- 
ing the  various  stages  of  geologic  develop, 
menfc  of  No.th  America. 

North  American  geology  and  pale- 
ontology for  the  use  of  amateurs,  stu- 
dents, and  scientists,  by  8.  A.  Miller. 

Am.  Jonr,  Sci.,  3d  series,  voL  2d,  p. 67,  f  p. 
Keview  of  use  of  term  Taoonic 

Sedgwick  and  Murchison :  Cambrian 

and  Silurian. 

Am.  Jour.  Sci.,  3d  series,  roL  39,  pp.  187- 
180, 235. 

Review  of  early  history  of  Silurian  and 
Cambrian  nomenclature,  ^^ 
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DANA,  Jamea  D. — Continned. 

Aroheao  axes  of  eastern  North  America. 

Am.  Joor.  8oi. ,  8d  aeries,  toL  39.  p|>.  87S-383. 

ClMsificetloD  of  the  Axee  end  dtecueeion  of 

geologic  hiBtory  uid  the  ori  gin  of  the  trongha. 

Rooky  Mountain  protazis  and  the 

poat-CretaceoQs    moan  tain  -making 
along  its  coarse. 

Am.  Jour.  8cl. ,  3d  aeriee,  toL  40,  pp.  181-lM. 
BoTleir  of  history  and  reUtlona  of  dplifts 
In  the  Bocky  tf  ountain  region  in  the  United 
SUtea  and  Canada. 

Long  Island  Soand  in  the  Qoater- 

nary  era,  with  observations  on  the  sub- 
marine Hadsott  River  chaonel. 

Am.  Jour.  Soi.,  3d  eeriea,  vol.  40,  pp.  42fr- 
487.  pLx. 

Beriew  of  the  glacial  and  poet-glacial  hia- 
tory  of  the  aoaod  depreaaion  and  a  diacuaaion 
of  the  hearing  of  the  anbioarine  Hadaon 
lUrer  channel  on  the  Jnra-Triaa  to  Cham- 
plain  hiatory  of  the  middle  Atlantic  ooaatal 


Characteristics   of  volcanoes  with 

contribntions  of  facts  and  principles 
from  the  Hawaiian  Islands,  inclnding 
a  historical  review  of  Hawaiian  vol- 
canic action  for  the  last  sixty-seven, 
years,  a  discnssion  of  the  relations  of 
volcanic  islands  to  deep-sea  topography, 
and  a  chapter  on  volcanic  island  den- 
udation, XVI,  399  pages,  16  plates. 
New  York,  1890. 

Ahatracta,  Am.  Jonr.  Soi.,  3d  aeriea,  vol. 39, 
pp.  323-324.    Am.  aeologiat,  yol.  6,  pp.  1M~ 
195. 
£ ]  The  geological  and  natural    his- 
tory survey  of  Minnesota  for  the  year 
1888,  the  I7th  annual  report,  by  N.  H. 
Wiuchell,  State  geologist. 

Am.  Jonr.  Bci.,  3d  aeriea,  voL  39,  pp.  67-e8, 

IP- 

Liat  of  papera,  and  reviev  of  N.  H.  Win- 
efaell  on  the  correlatioD  of  Animikie  iron  orea 
with  thoaeof  the  Taconio  region  of  New  Bog- 
land. 

£ ]  8ubaerial   decay    of    rocks    and 

origin  of  the  red  color  of  certain  for- 
mations. [By  1.  C.  Russell.]  Bull.  U. 
8.  Geol.  Survey, No.  52. 

Am.  Jonr.  Sol.,  3d  aeriea,  toI.  39.  pp.  317-319. 

Deacription  of  the  memoir  and  review  of 

eonclnaiima  concerning  the  origin  of  the  red 

color  of  the  Triaaaio  formation  and  certain 

featureeof  aubaerial  decay  in  New  England. 

[ )  Archean     limestones    and     other 

rocks  in  Norfolk,  Connecticut. 

Am.  Jonr.  Sci.,  3d  aeea,  toL  39,  p  321,  i  p. 

BuU.  91 3 


DANA,  James  D. — Continued. 

Beferenoea  to  ohservatlona  of  R.  H.  Comiah 
on  mineraloglc  charaoteriatioa  and  geologic 
relailoBa  of  the  limeatonea. 

[ 1  Presidential   address   before  the 

Qeological  Society  of  London. 

Am.  Jonr.  Soi.,  3d  aeriea,  voL  40,  pp.  2S4-2S5. 
On  ocean  haaina.    Ahatracta  and  brief  men* 
tlon  of  the  bearing  of  American  geological 
hiatory  on  the  aabject 

[ ]  Fossils  in  the  Taconio  limestone 

belt  at  the  west  foot  of  Taconic  range 
in  Hillsdale,  New  York. 

Am.  Jonr.  Sol. ,  3d  aeriea,  vol.  40,  pp.  250-2S7. 
Before  to  relatione  of  the  limeatonea  and 
paleontological  evidence  aa  to  their  age. 

[ ]  [Notes  on  the  Bemardston  series.  ] 

Am.  Joor,  8oi., 3d  aeriea,  roL  40,  pp.  263, 286, 

Hiatorical  referenoea  and  atatement  in  re- 
gard to  Emeraon'a  inveatigationa  of  the  aeriea. 

[ ]  [Notes  on  geology  of  eastern  New 

York.]     ' 

Macfarlane'a  Oeol.  Railway  Qnide,  2d  edi- 
tion, pp.  187-133. 

In  regard  to  the  age  and  diatribution  of  the 
lower  Paleozoioa. 

DARTON,  Nelson  Horatio.  The  rela- 
tions of  the  traps  of  the  Newark  sys- 
tem in  the  New  Jersey  region. 

n.  S.  Oeol.  Survey,  Bnll.,  No.  67,  pp.  82, 
pl8.6. 

Deacriptiona  of  the  atruotore  and  relatione 
of  the  Tarioaa  trapmaaaee,  and  differentiation 
of  intrnaivea  and  extmaivea.  Illuatrated  by  a 
colored  geologic  map. 

On  the  occurrence  of  basalt  dikes  in 

the  upper  Paleozoic  series  in  central 
Appalachian  Virginia,  with  uotes  on 
the  petrography,  by  J.  8.  Diller. 

Am.  Jonr.  Soi. ,  3d  aeriea,  vol.  80,  pp.  200-271. 

Brief  account  of  thair  location  and  geologic 
relatione. 

[ ]  [Notes  on  southeastern  Ne^  York 

and  northeastern  New  Jersey.] 

Maofarlane'a  Oeol.  Bailway  anide,  2d  edi- 
tion, pp.  no,  128, 130, 182, 133, 184. 

Geological  notea  regarding  the  Palisade 
trap  and  the  geology  at  acme  atationa  in 
Orange  Connty,  New  York. 

DAVIS,  William  Morris.  Structure  and 
origin  of  glacial  sand  plains. 

Gkol.  Soc.  Am.,  Bnll.,  yol.  1,  pp.  195-202, 
pL3. 
Abatract,  Am  Katnraliat,  vol  24.  p.  208,  k  P- 
Deaoription  of  atmctaral   characteriatica 
and  diacnaaion  of  their  origin  and  hiatory. 
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DAVIS,  William  Morris— Con  tinned* 
[Kemarks  on  evidence  of  nnconformity 
between    Hudson    and    Helderberg 
rocks  in  the  Hudson  Valley,  New 
York.] 

Geol.  Soo.  Am. ,  Bull. ,  vol.  1,  pp.  854-355,  f  p. 
Brief  reviev  of  the  relations  in  the  Catskill 
and  Bondoat  re^ona. 

[Remarks  on  strnctnre  of  fillings  in 

fissures  in  trap  at  Meriden,  Connecti- 
cut.] 

Oeol.  Soo.  Am.,  Bull.,  toI. l,p.442,  i  p. 
Dlacnsaion  of  the  history  of  the  fillings. 

[Remarks  on  certain  peculiarities  of 

drainage  in  the  Columbia  formation 
overlying  the  Appomattox.] 

Oeol.  Soc.  Am.,  Bull.,  toI.  1, p.  548. 

In  oonneotioa  with  paper  by  W  J  McGee, 
on  the  southern  extension  of  the  Appomattox 
formation.  Points  out  a  hitherto  nndesig- 
nated  dass  of  drainage. 

The  rivers  of  northern^ew  Jersey, 

with  notes  on  the  olaasiiication  of  riv- 
ers in  general. 

National  Qeographlo  Magazine,  voL  2,  pp. 
81-110. 

A  diflcnssion  of  the  genetic  relations  of  rivers 
of  different  kinds,  an  analysis  of  the  relation 
and  history  of  the  drainage  of  northern  New 
Jersey  and  a  review  of  the  history  of  the 
Green  River  in  the  Uinta  Mountains. 

The  ice  age  in  North  America,  and 

its  bearings  on  the  antiquity  of  man, 
by  G.  Fredfrick  Wright ;  with  an  ap- 
pendix on  the  probable  cause  of  glacia- 
tion,  by  Warren  Upham,  New  York,  1890. 
Appalaohla,  vol.  6,  pp.  72-78. 
Discusses  the  evidence  concerning  a  glacial 
ice  dam  In  the  Ohio. 

• The  level  of  no  strain. 

*     Am.  Qeologist,  vol.  5,  pp.  100-19L 

SeTiew  of  conditions  inrolved  and  their 
consequence  in  the  cooling  and  contraction  of 
the  earth's  crust. 

The  Iroquois  beach. 

Am.  aeologlst,  rol.  6,  p.  400,  ^  p. 
Remarks  in  regard  to  outlets  of  Lake  Iro- 
quois and  the  glacial  Lake  Ontario. 

r ]  [Utah.] 

Macfarlane's  Qeol.  Railway  Onlde,  2d  edi- 
tion, pp.  lU,  115,  ^  p. 

Oeolngical  notes  for  railway  stations  in  the 
Ogden  and  Salt  Lake  regions. 

and  WOOD,  J.  Walter,  jr.     The 

geographic  development  of   northern 
New  Jersey. 

Boston  Soc.  Nat.  Hlat.,  Proc.,  toL  24,  pp. 
805-428. 


DAVIS.  William  Morris,  and  WOOD, 
J.  Walter,  Jr.— Continued. 

Abstract,  Am.  Geologist,  toL  6^  pp.  196-IW, 

I  p. 

An  analysis  of  the  history  recorded  in  the 
topography  and  drainage  of  the  region. 

DAWSON,  Qeorge  M.  Report  on  an  ex- 
ploration in  the  Yukon  district,  North- 
west Territory,  and  adjacent  northern 
portion  of  British  Columbia.    1887. 
Oanada,  GteoL  Snrvey,  Report,. voL  3.  new 
aories,  part  1«  Report  B,  pp.  183, 4  maps.  1868. 
Ahstraota,  Ibid.,  Report  A,  pp.  4-12.    Am. 
Oeologist,  voL  S,  pp.  240-241,  |  p.    Am.  Jour. 
Sol.,  8d  series,  voL89,  p.  288  i  p. 

Summary  account  of  geologic  results  of  the 
exploration  and  incidental  itinerary  notes  and 
descriptiona. 

The  mineral  wealth  of  British  Co- 
lumbia, with  an  annotated  list  of  local- 
ities of  minerals  of  economic  value. 
Oanada,  Oeol.  Surrey,  Reports,  toL  3,new 
aeries,  part  2,  Report  R,  pp.  163.    1888. 

Description  of  general  geologic  features  of 
the  region  and  notes  on  the  various  ore  de- 
posits, building  stones,  relations  of  Tertisry 
gold-bearing  grSTels,  and  stratigraphy  of  tlie 
coal  measures. 

[Account  of  explorations  in  sonth- 

ern  interior  British  Columbia.] 

Oanada,  G-eol.  Survey,  Reports,  ToLSinew 
series,  part  1,  Report  A«  pp.  60-08.    1888. 

Includes  brief  references  to  Tertiary  coala 
and  trachytes  and  gold-bearing  metamorphio 
Paleoxoica. 
Notes  on  the  Cretaceons  of  the  Brit- 
ish Columbian  region.    The  Kanaimo 
group. 

Am.  Jour.  Sci.,  8d  aeriea,  voL  88,  pp.  18&-10- 
Abstract,  Am.  Naturaliat,  voL  24,  p.  764.  i  P> 
Discussion  of  its  extent,  atratigtaphicraDge. 
history,  and  equivalency. 

On  the  glaciation  of  the  northern 

part  of  the  Cordilleras,  with  ao  at- 
tempt to  correlate  the  events  of  the 
glacial  period  in  the  Cordillera  aD<l 
Great  Plains. 

Am.  Oeologist,  vol.  6,  pp.  153-162. 
Includes  a  discussion  of  the  extent  of  Cor- 
dillera glaciers  and  the  glacial  histoiy  of  both 
regions,  and  an  account  of  the  distribution  of 
the  glacial  forroatiotts. 

Introductory.      On    an   expe<litio" 

down  the  Begh-ula  or  Anderson  Rivoi^> 
by  R.  Macfarlane. 

Oanadian  Record  of  Sdenct,  vol.  ^  PP- 


Indludes  remarks  oi 
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BAWSON,  George  M.^CoDtinaed. 
The  ehftlk  from  the  Niobrara  Creta- 
eeoliB  of  Kanflas. 
SelMioa,  T^  16,  p.  371,  i  ooL  4P. 
B«fera  to  e«rtain  micnMOopio  orfmlsnM  In 
iriobnn  beds  of  ICuiltoba. 

—  The  Dominion  of  Canada. 

Macfariano'a  QooL  Railwsj  Ovido,  9d 
edttion,  pp.  51-88. 

Geological  notea  for  statloDa  on  raQway  and 
aleamboat  rontea. 

[ ]  Northern  Pacific  railroad. 

Mae&ilane'f  Oeol.  Railwajr  Onlde,  2d 
edition,  pp.  25&-2flO,  261, 262. 

Geological  notea  for  stations  at  interrals 

throogh  Dakota.  Montana.  Idaho,  Waahlng- 

ton,  and  Oregon. 

DA'WSON,  J.  William.    On  new  species 

of  foeul  sposgea  from  the  8Uuro-Cam- 

brian  at  Little  Metis  on  the  Lower  St. 

Lawrence. 

Oa&ada,  Rof.  Boo.,  Trans.,  toL  7,  section 
!▼,  pp.  81>&5,  pt  iii.  40. 

With  a  brief  prefatory  description  of  the 
geology  of  the  locality  and  discossion  of  the 
age  of  the  beds. 

On  fossil  plants  collected  by  Mr.  B. 

A.  McConnell  on  Mackenzie  River,  and 
by  Mr.  T.  C.  Weston  on  Bow  River. 
Canada.  Roy.  Soc..  Trans.,  voL  7,  section 
It,  pp.  69-74,  pis.  x,  xi,  4P. 

DiscQseion  of  the  equivalency  and  age  of 
containing  formations. 

On  bnrrows  and  tracks  of  inyerte- 

brate  animals  in  Paleozoic  rocks,  and 
other  markings. 

OeoL  Soc,  Quart.  Jonr.,  voL  47,  pp.  605- 
617. 

Indades  descriptions  and  illustrations  of 
Tsrions  kinds  of  inorganic  markings. 

■         The  Qnebec  groap  of  Logan. 

Canadian  Record  of  Science,  toI.  4^  pp. 
138-143. 

General  discussion,  of  its  stratigrapMc 
atatus,  nomenclature,  and  equivalency. 

— —  Fossil  plants  from  the  Similkameen 
River  and  other  places  in  the  southern 
interior  of  British  Colambia. 
Science,  vol.  15,  p.  873,  i  col.  40. 
Abstract  of  paper  read  to  Koyal  Society  of 
Canada,  1890. 

. On  the  Pleistocene  flora  of  Canada. 

Geology  of  the  deposits. 

Geol.  Soc.  Am.,  Bull.,  vol.  1,  pp.  811-820. 

Abstract,  Am.  Naturalist,  vol.  24,  pp.  29a- 
294. 

Genera)  account  of  the  deposits,  brief  de- 
acr!pti<nia  of  the  plant  localities,  and  dincns- 
akm  of  geographic  and  climatic  conditiona. 


\,  William.    The  Lower  Holder- 
berg  formation  of  8t.  Helen's  Island. 

Canadian  Record  of  Soieaoe,  v<d.  4,  pp.  105- 
100. 

Charaeterlstiea,  fbesila,  emptives,  eqnlva- 
lanoe  in  New  York  series. 

DE  OROOT,  Henry.  The  mannfactnre 
of  glass  in  California.  History,  con- 
dition, and  future  of  the  business. 

California,  Ninth  Report  of  Mlneraloglat, 
pp.  824^29. 

Includea  brief  description  of  glass  sand  de- 
XMMit  in  Placer  County. 

Delaware,  Gabbros  and  associated  rocks, 
Chester.  ' 

Warren's  Geography,  Brbwsr. 
Macfkrlane's  Railway  Gnide,  Ches- 
ter. 
Deniaon  UniverBity,  fitoientific  Labo- 
ratorlea,  Bnlletiii,  vol.  5. 
Waverly  group,  Cooper,  W.  P. 
Devonian. 
Alabamaf  Macfarlane's  Railway  Guide, 

Smith  and  Gesnbr. 
Canada,  Report  on  Qnebec,  Ells. 
Acadian    and    St.  Lawrence  water- 
shed, Bailet. 
Review  of  Ells  on  geology  of  Quebec, 

Walcott. 
Northwestern  Manitoba,  Ttrrell. 
Duck  and  Riding  Mountains,  Tyr- 
rell. 
Geology  of  Ontario,  Bell. 
New   Brunswick,    Bailey,    Bailey 

and  MclNKES. 
Expedition  down  Anderson    River, 

Dawson,  G.  M. 
Yukon  and  Mackenzie  Rivers,  Mc- 
Connell. 
Lower  Liard  River,  McConnell. 
Waireu's  Geography,  Brewer. 
Central   America^    Nicaragua,     Craw- 
ford. 
England,  Devonshire,  Williams,  H.  S. 
Illinois,  Macfarlane's  Railway    Guide, 

WORTHEN. 

Iowa,    Macfarlane's    Railway    Guide, 

MgGee. 
Kentucky,  oil  field  of  Barren  County, 
Fischer. 
Macfarlane's  Railway  Guide,  Proc- 
tor. 
Warren's  Geography,  Brewer. 
Middlesborough,  Boyd. 
Mainet  Eastern  Maine  and  New  Bruns- 
wicky  Bailey.       ^  j 
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Devoaian — Con  ti  mied. 
MassachtuetU,  BerDardBton  seriee,  Em- 
erson. Dana. 

Warren's  Geography,  Bbewbr.  ' 

Macfarlane's  Bail  way  Guide,  Hitch- 
cock. 
New  Jersey,  Macfarlane's    Bail  way 

Gaide,  Bmock. 
New  York,  Cuboidee  zone,  Wiiliams, 
H.  S. 

Thickness  of  rocks  in  west-central 
New  York,  Prosser,  C.  8. 

Areas  of  continental  progress  in  North 
America,  Dana. 

Paleozoic  fishes,  Newberry. 

Bock  salt  deposits,  western  New  York, 
Newberry. 

Locality  numbers,  Hall. 

Supposed  dikes  at  Ithaca,  Kemp. 

Beport  on  oil  and  gas,  Carll. 

Macfarlane's   Bail  way  Guide,  Lind- 
8EY.    Williams,  H.  S. 
Ohio    and    Indiaim,    Waverly    gronp, 
Cooper. 

Analysis  of  Defiance  limestone,  Whit- 
field, J.  E. 

Trenton  limestone  oil  and  gas.  Or- 

TON. 

Geological  survey    of  Ohio  report, 
Orton. 

Beport  on  oil  and  gas,  Carll. 

Paleozoic  fishes,  Newberry. 

Macfarlane's    Bailway   Guide,  CoL- 
lett.    Orton. 
Penvsylvaniaf  Making  of  PennBylvania, 
Claypolb. 

Beport  on  oil  and  gas,  Carll. 

Paleozoic  fishes,  Nkwberry. 

Macfarlane's  Bailway    Guide,   Les- 
ley.   Lewis. 

Warren's  Geography,  Brewer. 
TennesseCj  Central  basin  of  Tennessee, 
Kennedy. 

Macfarlane's    Bailway   Guide,  Saf- 

FORD. 

Warren's  Geography,  Brewer. 
Virginias  and  Maryland,  Dikes  in  Appa- 
lachian Virginia,  Darton. 

Warren's  Geography,  Brewer. 

Macfarlane's  Bailway  Guide,  Camp- 
bell.   Fontaine.    White,  I.  C. 
Western  United  States,  Beport — Montana 
division,  U.S.  Geol.  Survey,  Pbalr. 

Macfarlane's  Railway  Guide,  Broad- 
head.       Chamberlin.       Hague. 

WiNCHELL,   A.      WlNCHELL,  N.   H. 


Devonian— Con  ti  aned. 

Western  United  iStoiea— Continued. 
Be  view  of  Texas  geology,  Dumblk. 
Central   mineral   region   of  Texas, 

COMSTOCK. 

Displacements  in  Grand  CaAou,  Wal- 

COTT. 

Cuboides  zone,  Williams,  H.  S. 
NomencJaiure,  Heroynian  question, 
Clarke. 
DILLEK,  J.  S.    Geology  of  the  Lassen 
Peak  district. 

17.  S.  G-eol.  Survey,  Eighth  Report,  J.  W. 
Powell,  pp.  395-432,  plates  xlv-li,  18S9. 
Abetract,  Am.  Oeologist,  vol.  6,  pp.  1M^197, 

*P. 

Deacripiion  of  bypsograpby,  aariferoos 
elate  aeries,  geoloj^ic  history,  CreUoeoas  to 
Qoftternary,  structure  of  the  Sierras,  and  rela* 
tlons  of  the  displacements  of  the  Sierras  to 
each  other  and  to  volcanic  phenomena. 
Report — Division  of  petrography. 

tr.  S.  aedl.  Survey,  Ninth  Report,  J.  W. 
Powell,  pp.  98-100. 

Incindes  brief  references  to  the  orystsUizs- 
tion  of  porphyritic  qnartz  in  erapttve  roc^s 
and  the  discovery  of  chalk  in  Texas  by  B.  T. 
Hill. 

Notes  on  the  Cretaceous  rooks  of 

Northern  California. 

Am.  Jonr.  ScL,  8d  aeries,  voL  40,  pp.  479- 
478. 

Description  of  two  sections  in  the  northern 
part  of  the  Sacramento  Valley. 
Sandstone  dikes. 

Geol.  Soc.  Am.,  Bull.,  voL  1,  pp.  411-412, 
plates  6-8. 

Abstracts,  Am.  G-eologlst,  vol.  6,  p.  121,  | 
p.;  Am.  Naturalist,  vol.  21,  p.  211,  6  lines;  pp. 
768-760,  6  lines;  Am.  Jour.  Sci.,  3d  series, 
vol.  40.  p.  331,1  p. 

DescHptions  of  dikes  in  northern  Gsli- 
fomia  and  discussion  of  their  nature,  origiD. 
history,  and  significance^  Includes  references 
to  dikes  observed  in  other  localities.  Dia- 
cnsscd  by  W.  M.  Davis  and  B.  K.  Emerson, 
p.  442. 

Petrographic  notes.     [Basalt  dikes 

in  upper  Paleozoic   series  in  central 
Appalachian  Virginia.] 

Am.  Jour.  Sol.,  3d  series,  vol.  39,  pp.  27»- 
271. 

Abstract,  Am.  Naturalist,  vol.  24,  pp.  773- 
774,*5  lluee. 

Description  of  the  rooks  and  referenoe  to 
other  dikes  in  the  Great  Valley  and  in  Loa< 
doun  County,  Vireinia. 
DODGE,  W.  W.     Some  lower  Silariau 
graptolites  from  northern  Maine. 

Am.  Jour.  Sci.,  8d  series,  vol.  40,  pp.  153- 
155. 

Descriptions  of  the  remains  and  relerenc* 
to  their  stratigraphic  equtolenoy.  j 
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DRTBR,  Charles  R.    The  glacial  geol- 
ogy of  the  IroiHleqnoit  region. 
Axn.  OwlofUt,  ToL  6,  pp.  202-207. 
Topogmphio  fefttttTes  anil  gUclal  depoeits 
and  their  hiator>'. 
DUOIiBT,  William  L.  A  curione  occnr- 
renceofVivianite  [near  Eddy  ville,  Ky]. 
Am.  Jonr.  Sci.,  8d  Mrloa,  vol.  40,  pp.  120- 
12L 
Brief  pNfatory  acoonnt  of  IncloainK  atrata. 

BUMBLE,  £.  T.  ReHaits.  A  review  of 
Texas  geology  as  developed  by  the 
work  of  the  Survey. 

T«zaa.  aed.  Snrref,  Firat  Aimiial  Report, 
pp.  zzix-4zxiy,  plate  1. 

Sammary  deacripUons  and  taxonomic  table 
of  formationB  from  Quaternary  to  Archean. 

and  H£LI«,  R.  T.   The  igneous  rocks 

of  central  Texas.     [Abstract. ] 

Am.  Aaaoc.  Adv.  Science,  Froc,  vol.  88« 
pp.  242-243,  i. 

Notice  of  their  distribation,  general  rela- 
tione, and  age. 
DT7TTON,   C.    E.   Report— Division  of 
volcanic  geology. 

U.  S.  aeol.  Sarrey,  Eighth  Report,  J.  W. 
PoweU,  pp.  15&-165,  1889. 

Brief  deecriptioD  of  the  exploration  of  Cra- 
ter Lake,  and  in  northern  California  and  west- 
ern Ocegon. 

Atlantic  and  Pacific  Railroad. 

Macfarlane'a  Geol.  Railway  Onide,  2d 
edition,  p.  323.  ' 

Geological  notea  for  stations  in  New  Mexico 
and  Ariaona. 


DWIGHT,  W.  B.  Fossils  of  the  west- 
ern Tiiconic  limestone  in  the  eastern 
part  of  Dutchess  County,  New  York. 

Am.  Jonr.  Sci.,  3d  series,  vol.  39,  p.  71,  i  p. 
Reviews  their  bearing  on  geology  of  Dutch- 
ess Cottuty  limestones. 

Discovery  of  a  locality  of  Trenton 

limestone  rich  in  ostracoid  eutomos- 
tracea  and  other  fossils  at  Fleasaut  Val- 
ley, New  York. 

Vassar  Inat.,  Trans.,  vol.  S,  pp.  75-77. 
Includes  a  brief  prefatory  description  of  the 
containing  strata. 

The  Cambrian  system  of  strata. 

Vassar  Inst.,  Trans.,  voL  5, pp.  98-102. 
A  brief  general  review  of  Cambrian  daasi- 
flcation. 

Discovery  of  fossiliferous  strata  of 

the  middle  Cambrian  at  Stissing,  New 
York. 

Vassar  Inst.,  Trans.,  vol.  6,  pp.  102-109. 
Has  a  brief  prefatory  note  regarding  the  in- 
closing strata  and  their  relations. 

Glacial  phenomeua. 

Vassar  Inst ,  Trans.,  vol.  5,  pp.  116-118. 
Brief  reviews  of  opinions  in  regard  to  gla- 
cialion  and  the  accumnlation  of  ice  i 


[ ]  [Noteson  southeastern  New  York.] 

Macfarlane's  Oeol.  RaUway  Qnide,  2d  edi- 
tion, pp.  Ill,  130-131, 283, 134, 13S-137. 

Geological  notes  for  railway  stations  and 
adjoining  regiona. 


E. 


EAKINS,  L.  G.    Rocks  from  New  Mexi- 
co.   [Analyses.] 

V.  S.  Geol.  Survey,  Boll.  No.  60.  p.  156,  f  p. 
Obsiclian   and   basalts   from   Rio   Grande 
Cafion. 

Sandstones,  Berea,  Ohio.  [Analysis.] 

U.  S.  Oeol.  Surrey,  Bull.  No.  00,  p.  168.  i  p. 

Coquiua,   coral,   coral    rocks,   etc. 

[Analyses.] 

TJ.  S.  Geol.  Survey,  BnU.  No.  60,  pp.  163-164. 
Coral  rocks  and  soil  from  Hawaiian  Islands; 
Hammock  clay,  ocherous  deposit,  and  coqui- 
uas  fiom  Florida;  phosphatic  deposit.  Som- 
brero; coralline  bottom,  Barbadoes,  and  re- 
cent coral.  Bermudas. 

Metamorphio    rock  from    Marion, 

Kentucky.    [Analysis.] 

U.  S.  Oeol.  Survey,  BuU.  No.  64  p.  46,  i  p. 
Porphyry  from  Pigeon  Point,  Michi- 
gan.   [Analyses.] 

U.  8.  Oeol.  Survey,  BuU.  No.  64,  p.  46,  §  p. 


EAKINS,  L,  G.    Penokee-Gogebio  rocks 
from  Wisconsin.     [Analyses.] 

XT.  S.  Oeol.  Survey,  Bull.  Ko.  64,  p.  47,  i  p. 

Eruptive  rocks  from  four  milessonth- 

east  of  Hot  Springs,  Arkansas.   [Analy- 
sis.] 

U.  S.  Oeol.  Survey,  BuU.  No.  64,  p.48,  |  p. 

Recent  lavas  from  two  miles  south  of 

Mount  Trumbull,  Arizona.    [Analysis.  ] 
U.  S.  Oeol.  Survey,  Bull.  Ko.  64,  p.  48,  i  p. 
Eruptive  rocks  from   Castle  Moun- 
tain, Montana.     [Analysis.] 

U.  S.  Oeol.  Surrey,  Bull.  Ko.  64,  p.  49,  |  p. 

[Eruptive]    rocks   from   northern 

California.    [Analyses.] 

U.  S.  Oeol.  Survey,  Bull.  Ko.  64,  p.  SO,  i  p. 

[Analyses  of  adobe  soils.] 

U.  S.  Oeol.  Survey,  BnU.  Ko.  64,  p.  51,  k  p. 
Kew  Mexico,  Kevada,  and  Utah. 

and  CHATARD,  T.  M.    Rocks  from 

Montana.    [Analyses.] 

U.  S.  Oeol.  Surrey,  BpU.2^.  M^p.  U2-154. 
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BLDRIDGE,  George  Homans.  Oo  cer-' 
taiu  pecQliar  Htmctural  featares  in  the 
foot-hill  region  of  the  Rocky  Moun- 
tains, near  Denver,  Colorado. 

Wachington  Phil.  Soc.,  Bnll.,  vol.  11, pp. 
247-274,  map. 
Abstract,  Am.  NatnraUst,  voL  24,  p.  212,  i  p. 
Description  of  a  Dorel  type  of  structure  and 
of  the  Cenosoio,  Mesoxoic,  and  Arcbean  for- 
mations involved  and  an  analysis  of  the  stmc- 
taral  development  of  the  region. 

[Notice  of  results  of  stratigraphic 

studies  in  the  Denver  basin.] 

U.  S.  OtoL.  Survey,  Eighth  Report,  J.  W. 
Puwell,  pp.  144-146,  }  p. 

Given  by  8.  F.  Emmons  in  report— Rocky 
Mountain  division  of  geology. 
BUsha    Mitchell    Sblentific    Society 
Journal,  1889,  part  U, 
Conglomerates  of  Mesozoic  in  North 
Carolina,  Holmes,  J.  A. 
EIiLS^  R.  W.     Second  report  on   the 
geology  of  a  portion  of  the  province  of 
Quebec. 

Oanada,  G96L  Surrey,  Reports,  voL  8,  neir 
series,  part  2,  report  R,  pp.  1-114,  1888. 

Abstnust,  Ibid..  Part  1,  Report  A,  pp.  88- 
81.  1888 ;  Am.  Oeologist,  voL  5,  pp.  243-246. 

Review  by  C.  B.  Waloott,  Am.  Jour.  Soi, 
Sd  series,  voL  39,  pp.  101-115. 

Description  of  Devonian,  Silurian,  Cam- 
brian, pre-Cambrian,  crystalline  and  igneous 
rooks,  superAolal  deposits  and  structure  in 
eastern  Quebec,  mainly  south  of  the  St.  Law- 
rence. Discussion  of  various  questions  of 
structure  and  equivalency.  Economic  min- 
erals, pp.  101-114. 

"— ^  [Account  of  investigations  in  the 
St.  Lawrence  Valley.  ] 

Canada,  Oeol.  Survey,  Reports,  vol.  8,  new 
series,  part  1,  report  A,  pp.  88-91,  1888. 

Includes  notes  on  asbestos  mining  and 
brief  remarks  on  equivalency  of  members  of 
the  Quebec  group. 

The   stratigraphy   of  the    Quebec 

Group. 

OeoLSoo.  Am.,  Bull.,  vol.  1,  pp.  458-488, 
pi.  10. 

AbHtract,  Am.  Geologist,  vol.  5,  p.  120,  4 
lines. 

Historical  review  of  opinions,  account  of 
recent  observations  and  discussion  of  their 
bearing  on  the  structural  and  stratigraphic 
succession.  Illustrated  by  geologic  map  and 
cross-section  of  Quebec  region. 

The  geology  of  Quebec  City. 

Science,  vol.  16.  p.  359,  (  ool. 

Brief  review  of  opinions,  and  expression  of 
an  opinion  in  regaxd  to  the  horiion  of  the  Cit- 
adel xocka. 


SLLS,  R.  W.— Continued. 
Qeological  progress  in  Canada. 

Ottawa  Naturalist,  voL  8,  pp.  119^146. 
A  general  sketch  of  the  history  of  geolog:ic 
explorations  in  Canada. 

EMERSON,  Ben.  K.  A  description  of 
the  '*  Bernardston  series"  of  metanior- 
phic  upper  Devonian  rooks. 

Am.  Jour.  Sci.,  3d  seriea,  voL  40,  pp.  261- 
275,  368-874. 

Detailed  descriptions,  maps  and  sections  of 
structure,  stratigraphy  and  relations.  With 
prefatory  note  by  J.  D.  Dana. 

[Remarks  on  vein  fillings  in  till  of 

the  Connecticut  Valley]. 

Oed.  Soo.  Am.,  Bull.,  vol.  1,  p.  442,  i  p. 
Discussion  of  their  origin. 
[Remarks  on  metamorphic  conglom- 
erates and  other  metamorphic  phenom- 
ena in  north- central  Massachusetts.] 

OeoL  Soc.  Am.,  Bull.,  voL  1,  p.  653,  |  p. 
Points  out  certain  conditions  of  metamor^ 
phism  and  their  consequences. 

Porphyritic  and  gneissoid  granites 

in  Massachusetts  [abstract]. 

Oeol.  Soc.  Am.,  Bull.,  voL  1,  pp.  559^561. 
Charaoteristico,    structural  relations,  his- 
tory, and  age. 

EMMONS,  S.  F.  Report— Rocky  Moun- 
tain division  of  geology. 

17.  8.  aeol.  Survey,  Eighth  Beport,  J.  W. 
Powell,  pp.  144-146,  1889. 

Includes  brief  general  statement  of  results 
attained  by  6.  fl.  Eldridge  on  the  Tertiary 
formations  of  the  Denver  region. 

Orographic  movements  in  the  Rocky 

Mountains. 

aeol.  Soc.  Am.,  BuU.,  vol.  1,  pp.  245-2S8. 
Abstract,  Am.  Naturalist,  vol.  24,  pp.211- 
812,  i  p. 

Comprises  a  general  discussion  of  the  geo- 
logic history  of  the  region. 

[On  the  age  of  the  beds  in  the  Bois^ 

River  region,  Idaho.] 

Boston  Soo.  Vat.  Eist.,  Proo.,  vdL  S4^  pp. 
421M84 

Discnsition  of  the  geological  horizon  of  the 
beds  firom  which  the  Nampa  Image  was  ob- 
tained. 

Colorado. 

Macfarlane's  Oeol.  Railway  G-ulde,  2d 
edition,  pp.  2«9,  207-308. 

Prefatory  sketch  of  the  geology  of  the  State 
and  geological  notes  for  railway  stations. 

BNGINEERINa      AND      MHONQ 
JOURNAL.   The  copper  mining  dis- 
trict of  Michigan  and  its  industries. 
Boglneering  and  Mining  Sour.,  voL  6Q. 
pp.  S66-86I,  4fi. 
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rOINEERINa     AND      MINZNO 
rOURNAIi— ContioQed. 

With  some  geiMrml  piefiitovy  rmnwlw  «d 
the  geology  of  the  regtan. 
igineeiing  and  Idling  Jcftanad,  toL 

Mnlatos  gold  mines,  Mexioo,  Jaion. 

MiddleaboToagh,  Botd. 

Phosphate  beds  of  Florida,  Lsdoux. 

Mines  of  Calico  distriot,  California, 
Storms. 

Oil  fields  of  Barren  County,  Ken- 
tucky, FiflCHEB. 

Banket  deposits  of  Witwatersrand, 
CultTis. 

DeKaap  Tranavaal  gold  fields,  Fur- 
longs. 

Gas  explorations  in  Ontario,   AsH- 

RURNSR. 

Charcoal  in  Cnster  County,  Colorado, 
Charlton. 

—  VoL  50. 

Arizona's  new  bonanza.  Storms. 
Coal  fields  of  Texas,  Weitzkl. 
Florida  phosphate  beds,  Wvatt. 
Ores  of  Mina  Geraes,  Brazil,  Mbz- 
gbr. 


Bngineering  and  Mining  Journal,  voL 
50-^ontinaed. 
Copper  mining  distriet  of  Michigan. 

Eno.  AMD  Mining  Journal. 
Iron  ores  of  the  United  States,  Hunt. 
Europe.  Cnboides  zone,  Williams,  H.  S. 
DeTonian  in  Devonsbire,  Williams, 

ELS. 
Fayalite  in  obsidian  of  Liparl,  Id- 
dings  and  Pbnfibld. 
Glacial  climate,  Shalrr. 
Glacial  Innoid  furrows,  Packard. 
Great  quartzite  more  recent  than  the 

Olenus  schist,  Holst. 
Lower   and  middle  Taconio,    Mar- 

oou. 
Natural  soda,  Chatard. 
Observations  in  Norway,  Williams, 

G.H. 
Quaternary  changes  in  level,  Upham. 
Becent  glacial  work,  Claypolb. 
BVANS,  H.  A.  The  relations  of  the  flora 
to  the  geological  formations  in  Lincoln 
County,  Kentucky. 
Botanical  aazetta,  1880. 
Not! 


XRBANKS,  Harold  W.  Notes  on 
ie  character  of  the  eruptive  rocks  of 
ae  Lake  Huron  region. 

Am.  Geologist,  rol  «,  pp.  182-172. 

Abatract,  Am.  HaturaUat,  voL  24,  p.  1072, 
Slinea. 

Mainly  on  petrograpby.  Brief  referencoa 
to  oocurrenoe.  hiatory,  age,  and  relaUona  to 
other  rooks. 

JUBAULT,  E.  R.  [Account  of  exam- 
lation  of  gold-bearing  rooks  of  the 
.tl antic  coast  in  Halifax  county.] 


Oanada,  OooL  Surrey,  Reports,  voL  3,  new 
eeriee,  part  1,  report  A.  pp.  J»-100. 

Indudea  a  brief  statement  in  regard  to  the 
folds  of  the  gold-bearing  rocks. 

RRIBR,  Walter  F.,  NABON,  Frank 
i.,  and.  A  notice  of  Zircon  rocks  in 
jchean  highlands  of  New  Jersey.  [  Ab- 
tract.  ] 

Aw»  Aasoo.  AdT.  Science,  Proc.,  vol.  38, 
pp.  244-245. 

Includes  remarks  on  mineralogio  constita- 
ents  of  the  tooka,  and  evidenoe  of  their  intra- 
■iTenataxa 


F. 

FB^WXEB,  J.  Walter.  The  origin  of  the 
present  outline  of  the  Bermudas. 
Am.  Oeol.,  vol.  5,  pp.  88-100. 
Discussion  of  evidences  bearing  on  theoriea 
of  aub>idenoe  and  erosion. 

On  excavations  made  in  rocks  by 

sea-urchins. 

Am.  Naturalist,  voL  24,  pp.  1-21,  plates  1, 2. 
With  discussion  of  the  geologic  significance 
of  the  facts. 
FIBCHBR,  Moritz.  The  oil  field  of  Bar- 
ren County,  Kentucky'. 

Engineering  and  Mining  Jour.,  yol.  49,  pp. 
107-198,40. 

Geologic  map.  Sections.  Geologic  distribu- 
tion of  the  oiL 


FLBTCHBR,  H.  [Account  of  examina- 
tions of  Pic  ton  and  Colchester  counties, 
Nova  Scotia.  ] 

Canada,  O-eol.  Survey,  Reports,  toI.  3,  new 
series,  part  1,  report  A,  pp.  97-99,  1888. 

Includes  brief  references  to  the  distribution 
and  relations  of  the  various  formations  and 
especially  to  their  economic  resources. 

FLINT,  Earl.  About  the  Nicaragua  foot- 
prints. 

Sdenoo,  voL  IS,  pp.  30-32. 
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ThtJXTt  Earl— Continued. 

Diaoiusion  of  the  age  and  history  of  the  for* 
mmtloD.  IndadM'a  letter  from  J.  Crmir  ford  on 
the  Ideology  of  the  region. 

FLORIDA.  Analyses  of  coquina,  clay, 
and  coral  rouks,  Clarkb,  Eakin0. 

Barrier  beacbes,  Mbruill,  F.  J.  H. 

Macfarlane's  Railway  Guide,  John- 
son. 

Note  on  coral  reefs,  Aoassiz. 

Observations  on  Southern  Florida, 
Wuxjox. 

Origin  of  present  outlines  of  the  Ber- 
mudas, Fkwkss. 

Phosphate    beds,    Lkdoux,    Goli>- 

BMITH,  Cox,  WYATT. 

Pleistocene  submergence,  Shaler. 
Report — ^Atlantic  coast  division,  U. 

S.  Geol.  Surrey,  Shaler. 
Report — ^Division  of  Cenozoio  invorte- 

brates,  U.  S.  Geol.  Survey,  Dall. 
Tertiary  fauna  of  Florida,  Dall. 
Topography  of  Florida,  Shaler. 
Saliferons  deposits  as  evidence  of  oli- 

matal  condition,  Shaler. 
Warren's  Geography,  Brewer. 

FONTAINE,  William  Morris.  The  Poto- 
mac or  younger  Mesozoic  flora. 

17.  a.  Q^oL  Survey,  Monographs,  toI.  IS, 
▼ol.  I.  14,  377  pages,  voL  2.  180  plates,  4^ 
Washington,  1889. 

Abstract,  Am.  Jonr.  Sol.,  8d  series,  toL  89, 
p.  620,  i  p.,  vol.  40,  pp.  168-160,  |  p. 

Has  prefatory  chapter  on  the  location  and 
geology  of  the  Potomac  beds  and  the  plant 
localities,  pp.  1-62. 

— ^  [Baltimore  and  Ohio  Railroad.] 

Macfarlane's    Q^ol.    Railway  Onide,  Sd 

edition,  pp.  333-334. 
Geologioai  notes  for  stations  in  western 

Marybuid.  , 

[ ]  [Virginia.] 

Maofarlane's  GrSoL  Railway  G-nide,  2d 
ediUon,  p.  859,  i  p. 

Geological  notes  for  railroads  in  eastern 
Virginia. 


FORD,  S.  W.]   [Notes  on  eastern  New 
York. J 

BlUcftriane's    GteoL    RaUway   Onide,  2d 
ediUon,  pp.  111.  18L 

Geological  notes  along  New  York  OMtril 
BaUway  fh>ni  Rhinebeok  to  Troy. 

FomiD,  lei90,  Encroachments  of  the  sen, 
McGeb. 
Recent  views  about  glaciers,  Win- 
chkll,  a. 
F08HAT,  P.  Max.  Preglaoial  drainage 
and  recent  geological  history  of  west- 
ern Pennsylvania. 

Am.  Joor.  Sci.,  3d*series,  toL  40,  pp.  897- 
403. 

Conditions  and  oonrse  of  preglacial  drain- 
age and  evidences  of  post-glaoial  nplifts. 

and  HICB^  R.  R.  Newly  discovered 

glacial  phenomena  in  the  Beaver  Val- 
ley [Pennsylvania]. 

Am.  Naturalist,  roL  24,  pp.  816-«1& 
Notice  of    gravel  deposits,  grooves  and 
atrisD,  and  potholes,  several  miles  south  of  the 
terminal  moraines  of  prerions  observers. 
FRAZER,  Persifor.  The  session  of  the 
International  Geological  Congress  in 
Philadelphia. 

Am.  Geologist,  vol.  6,  pp.  206-812. 
Report  of  proceedings. 
[ ]  [Notes  on  northern  general  divis- 
ion Mexican  National  Railway.  ] 

Maofarlane's  Geol.  RaUway  Guide.  2d 
edition,  p.  426.  i  p. 
FRIBDBRICH,  J.  J.  On  some  new  spe- 
cies of  Protozootites,  Quaternary  and 
Tertiary,  from  California,  and  on  the 
importance  of  protozoa  as  rock-bnilding 
agents. 

New  York  Aead.  Soi.,  Trans.,  v^  t,  pp.  S2- 
86. 

Includes  brief  references  to  the  localities 
and  conditions  of  occurrence. 
FURIaONaE,  W.  H.  Notes  on  the  geol- 
ogy of  the  De  Eaap  Transvaal  gold- 
fields. 

Engineering  and  Mining  Jour.,  vol.  4M,  pp. 
287-291,  io. 
South  Africa. 


G. 


OANONG, W.F.  Southern  invertebrates 
on  the  shores  of  Acadia. 

Science,  voL  15,  pp^  873-375,  |  coL,  4P. 
Abstract  of  paper  read  to  Royal  Society  of 
Canada,  1890. 
GBNTBC,  F.  A.    Contribntions  to  Miner- 
alogy.   On  a  new  oconrrence  of  Cornn- 
dum,  in  Patrick  Coanty,  Virginia. 
Am.  Jour.  Soi.,  3d  series,  vol  89,  pp.  47-40. 
Includes  a  refezence  to  nature  of  asaooiated 
rooks. 


Oeologio  Philosophy. 
Petrology. 
Origin  of  soda  granites,  etc.,  Pigeon 

Point,  Batxjct. 
Origin  of  gneiss,  Bell. 
[Texture  of  massive  rocks.  ]    Report 

California  division  U.  8.  G«oL  Snr- 

vey,  Bbckxr. 
Bemaidston  series,  Emxkson. 
Primary  qaarts  in  basalts,  Iddxkgs. 
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jologlc  Philosophy— Continued. 
Pelrology—Continned. 

Metamorpbic  phenomena  in  Haasar 
chnsettBy  Emerson. 

Pie-CambriaB  of  the  Black  Hills,  Van 
Risk. 

GreeDBtone  schiate,  Menominee  and 
Marqoette  regions,  Wiluams,  G. 
H.    Irving. 

Granitoid  areas  in  lower  Lauren tian, 
Hitchcock.    Wiluams,  G.  H. 

Studies  of  hornblende  schist,  Hitch- 
cock. 

NoD-feldspathio  intrusives  of  Mary- 
land, WILUAMS,  G.  H. 

Granites  in  Massachusetts,  Emkrson. 

Dikes  of  Kennebunkport,  Maine, 
Kemp. 

Report  on  Rainy  Lake  region,  Law- 
son. 

Report— Division  of  Petrography,  U. 
S.  Geol.  Survey,  Dillbr. 

Archean  of  central  Canada,  Lawson. 

Serpentines  of  southeastern  Pennsyl- 
vania, Band. 

Igneons  rooks  of  Yellowstone  Park, 

IDDINGB.  -- 

Petrography  for  1887  and  1888,  Mer- 
rill, G.  P. 
91aciology, 
Glacial  phenomena  in  Canada,  Bell. 
Drift  of  northern  Iowa,  Webster. 
Glacial  phenomena,  Dwight. 
Bowlder    belts  v$.  bowlder    trains, 

Chamberlik. 
Glacial  boundary,  Pennsylvania  to 

lUinoia,  Wright.  Chamberlin. 
Origin  of  extra-morainic  till,  Todd. 
Island  of    Mount  Desert,    Maine, 

Shalek. 
Cape  Ann,  Massachusetts,  Shaler. 
Glacial  sediments  of  Maine,  Stone. 
Topography  of  Florida,  Shaler. 
Origin  of  glacial  sand  plains,  Davis. 
Glacial  Innoid  furrows,  Packard. 
Surface  geology  of  Alaska,  Russell. 
Quati  mary  history  of  Mono  Valley, 

California,  Russell. 
Recent  views  about  glaciers,  Winch- 

KLL,  A. 
Physiographic  geology. 
Topographic  types,  Iowa,  McGee. 
Drainage  systems  of   New  Mexico, 

Tarb. 


Oeologlc  Philosophy— Continued. 
Physiograph  ic  geology— Cou  t  i  n  ued. 

Drainage  in  central  Texas,  Tarr. 

Topographic  features  of   central 
Texas,  Tarr. 

Northwestern  Colorado  and  vicinity. 
White,  C.  A. 

History  of  the  Niagara  Biver,  Gil- 
bert. 

Certain    peculiarities    of   drainage, 
Davis.    McGbb. 

Encroachments  of  the  sea,  McGbr. 

Central  basin  of  Tennessee,  Ken- 
nedy. 


Topography  of  Florida,  Shaler. 
Development  of  northern  New  Jersey, 

Davis  and  Wood. 
Rivers  of   northern  New  Jersey, 

Davis. 
Mount  Desert  Island,  Shaler. 
Erosive  agents  in  arid  regions,  Tarr. 
Lake  Bonneville,  Gilbert. 
Barrier  beaches,  Merrill,  F.  J.  H. 
Earth  cnut  deformation. 
Proof  of  eartVs  rigidity,  Becker. 
Strength  of  the  earth's  crust,  Gil- 
bert.   Winchell,  a. 
Level  of  no  strain  in  earth's  crust, 

Claypole.    Davis.. 
Shear   in   earth   crust   movements, 

Stevenson. 
Origin  of  diagonal   trends   in    the 

earth's  crust,  Martin. 
History  of  the  Niagara  River,  Gil- 
bert. 
Areas  of  continental  progress  in  North 

America,  Dana. 
Ocean  basins,  Dana. 
Rocky  Mountain  pro  taxis,  Dana. 
Origin  of  normal  faults.  Reads. 
Lake  Bonneville,  Gilbert. 
Displacements  in  Grand  Cafion,  Wal- 

cott. 
Recent  rock  flexure,  Cramer. 
Topography  of  Florida,  Shaler. 
Chemical  and  chemioo-organio  deposits. 
Origin  of  Keewatin  ores,  Winchell, 

N.  H.  and  H,  V. 
Qnicksilver  deposits,  Becker. 
Natural  gas  and  oil,  Orton. 
Formation  of  traventine  and  sinter 
by    vegetation    of    hot    springs, 
Weed. 
Protozoa    as   rock-building   agents, 
Friedrich. 
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Gtoologio  PhiloBophy~-CootiDaed. 
Ckemidal  and  chemico-arganio  depoaiU— 
Continiied. 
CorftlB  ftnd  eoral  ialands,  Dana. 
FhoAphate    rock    in   Florida,   Cox. 

LXDOUX.     Wyatt. 
Sabaerial  decay  of  rocks  and  origin 
of  red  color  in  certain  formations^ 
Daka. 
Om>logieal  elifiuiie. 
Climate  of  glacial  period,  Crobbt. 

Shalkr. 
Pleistocene  submergence,  Up  ham. 

8HALKR. 

Baliferons  deposits  as  evidence  of  cli- 
matal  conditions,  Shaubr. 
Voloaniam. 
Volcanoes,  Dana. 
Geysers,  Weed, 
Newark  traps  of  New  Joxsey  region, 

Darton. 
Lake  Bonneville,  Gilbert. 

Mi9oel!aneau9. 

Southern  extension  of  Appomattox 
formation,  McGke. 

Sand  transportation  by  rivers,  Gra- 
ham. 

Markings  in  Paleozoic  rocks,  Daw- 
son, J.  W. 

Lake  Bonneville,  Gilbert. 

Excavations  made  in  rocks  by  sea- 
nrcbins,  Fewkss. 

Origin  of  rock  pressure  of  natural 
gas,  Orton. 

Geological   survey  of  Ohio,  report, 
Orton. 

Sandstone   dikes,   Dillbr.     Davib. 
Emerson. 

Geology  of  Cape  Ann,  Sraler. 

Geology  for  1887  and  18^8,  McGbe. 
Oeological  Magasiiie,  decade  III,  vol.  7. 

Sknll  of  CeratopsidsB,  Marsh. 

Continental  elevation  preceding 
Pleistocene  in  America,  Spencer. 

Quaternary  changes  of  level,  Upham. 

Data   of    continental    elevation  of 
America,  Jukes-Browne. 
Oeologloal  Society  of  Amexlca,  Btille- 
tin,  vol.  I. 

Strength  of  the  earth's  omst,  Gil- 
bert.    WiNCHELL,  A. 

[Lignite    in    Dakota    formation   in 
Kansas],  Hay. 

[Shear  in  earth  cmst  movements], 
Stevenson. 


Geological  Society  of  America,  Bolle- 
tin,  vol.  1 — Continued. 

Bowlder  belts  distinguished  from 
bowlder  trains,  Chamberun. 

[Bowlders  in  morainal  fringe], 
Wright. 

[Distribution  of  bowlders  in  Michi- 
gan], Winchell,  a. 

[Distribution  of  bowlders  in  New 
England],  HitchcocE. 

Trap  dikes  near  Eennebunkport, 
Maine,  Kemp. 

Sylvania  sand,  Ohio,  Neff. 

Areas  of  continental  progress  in  North 
America,  Dana. 

Displacement  in  Grand  CaAon  of 
Colorado,  Walcott. 

Continental  eleyation  preceding 
Pleistocene  period,  Spencer. 

Ancient  shores,  etc.,  in  region  of  the 
Great  Lakes,  Spencer. 

Origin  of  rock  pressure  of  natural 
gas,  Orton.  McGee.  White,  I.  C. 

Surface  geology  of  Alaska,  Russell. 

[Ext«nt  and  cause  of  Pleistocene  gla- 
ciers], Chamberun. 

Pre-Paleozoic  surface  in  Canada, 
Lawson. 

[Rounded  surfaces  not  due  to  glacial 
erosion],  Spencer. 

Glacial  sand  plains,  Davis. 

Pro-Cambrian  of  the  Black  HillH, 
Van  Hise. 

Orographic  movements  in  the  Rocky 
Mountains.  Emmons. 

Glacial  phenomena  in  Canada,  Bell. 

Pleistocene  flora  of  Canada,  Daw- 
son, J.  W. 

Value  of  term  '^Hudson  River  group," 
Walcott. 

[Unconformity  between  Hudson  and 
Helderberg  formations],  Davis. 

Results  of  Archean  studies,  Winch- 
ell, A. 

[Remarks  on  crystallines  of  the 
Northwest],  Van  Hise. 

Post-Tertiary  deposits  of  Manitoba, 
Ttrrell. 

[Lake  Winnipeg-Mississippi  drain- 
age], Mills. 

[Outlet  of  Lake  Agassiz  and  limits  of 
glaoiation],  Chamberun. 

[Pleistocene  submergence  of  Atlantic 
coast],  Shaler.    McGxb» 
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Gtoolosioal  Society  of  Amarloa,  BuUe- 
tliiy  vol.  1 — Continiied. 

[Eyideiices  of  general    PleiBtooane 
snbmergenoe],  Spkkobr. 

Smndstone  dikes,  Dillvr. 

[Vein  fllliDg  in  till],  EMBRflOir. 

[FillingB  in  fiaeniee  in  trapl,  Davis. 

Tertiary  and  Cretaoeons  of  eaatem 
Massachnflettfly  Shaler. 

Stratigraphy  of  the  Quebec  group, 
Ellb. 

Cnboidea  Kone  and  its  fanna,  WiL- 
UAM8,  H.  8. 

Eyidence  on  interval  between  glacial 
epochs,  Chambbrluv. 

[Formations  termed  Orange  sand], 
McGkb. 

[Orange  sands  of  western  Kentucky], 
Proctbr. 

[Interglacial  deposits  of  the  Dela- 
ware], Mbrrill,  F.  J.  H. 

[Glacial  deposits  of  upper  Ohio  Riv- 
er], White,  I.  C. 

[Pleistocene  deposits  at  Belvidere], 
McGbb. 

Calciferons  in  Champlain  Valley, 
Brainbrd  and  8bbly. 

[Calciferons  formation  from  Canada 
to  Tennessee,],  Walcott. 

[Eolian  limestone  of  Vermont], 
Hitchcock. 

Fort  Cassin  rocks  and  their  fanna, 
Whitfield,  R.  P. 

Laramie  gronp,   Newberry.   Tyr- 
rell. Ward.  Stevenson.  Cope. 

[Colorado  gronp   in    Colorado   and 
New  Mexico],  Stevenson. 

Eruptive  origin  of  Syracuse  serpen- 
tine, WlLUAMS,  G.  H. 

[Dikes    near    Ithaca,    New   TorkJ, 
Kemp. 

Tertiary  deposits  of  Cape  Fear  River 
region,  Clark. 

Glacial  features  of  Yukon  and  Mac- 
kenzie basins,  Tyrrbll. 

Moraine    of   recession    in    Ontario, 
Wright. 

[Certain  gravel  deposits  of  Ontario], 
Spencer. 

Southern  extension  of  Appomattox, 
McGeb. 

[Peculiarities  of  drainage  in  Colum- 
bia formation],  Davis.    McGbe. 

Observations  in  Norway,  Williams, 
G.  H. 


Oeologioal  Soototy  of  Amerloa,  Bulla- 
tin,  vol.  l--Continned. 
[Metamorphlsm  in  Massachusetts], 

Emerson. 
Cretaceous  plants  from  Martha's  Vine- 
yard, White,  D.  Ward.  Merrill. 

F.  J.  H. 
[Northern  extension  of  Amboy  clays], 

Newberry. 
Oval  granitoid  areas  in  the  Lauren- 

tian,  Hitchcock.  Wiluams,  G.  IL 
Granites  in  Massachusetts,  Emerson  . 
Intrusive  origin  of  Watohung  traps 

of  New  Jersey,  Nabon. 
Fiords  and  Great  Lake  basins  of  Nor  t  h 

America,  Upham. 
Potholes   north  of  Lake    Superior, 

McKbllar. 

Gtoologloal  Society,  Quarterly  Journal^ 
vol.  46. 
Origin  of  basins  of  the  Great  Lakes, 
Spencer.       Bonnby.       Seelry. 

HiNDB. 

Sphemlites  from  California,  Rutley. 
QBORGIA,  Appomattox  formation,  Mc- 
Geb. 
Rounded  rock  surfaces,  Spencer. 
Warren's  Geography,  Brewer. 
Southern  drift,  Spencer. 
Macfarlane's  Railway  Guide,  Camp- 
bell.   McCutchen. 
Georgia,  Bull  Bzp.  Sta.,  1890,  Depart- 
ment of  Oeologj, 
Southern  drift,  Spencer. 
[GESNBR,  William,  SMITH,  Eugene 
and.]    Alabama'. 

MacfarlaiM'a    aeol.   Ballway   Onide,   2d 
edition,  pp.  378-883. 
Geological  notes  for  railvay  stations. 

GILBERT,  Grove  Karl.  Lalce  Bonne- 
ville, U.  S.  Geol.  Survey,  Monographs, 
vol.  1,  XX,  438  pages,  51  plates,  map.  4°, 
Washington. 

Abstracts,  Am.  G^eologist,  vol.  7,  pp.  132-184, 
1801.  Am.  JoQT.  Sd.,  3d  series,  vol.  41,  pp. 
327-329,  1891. 

Systematic  description  of  the  shore  phe- 
nomena, Pleistocene  deposits,  volcanic  fea- 
tures and  stractnre  of  the  Bonneville  basin, 
and  dlsoassion  of  its  geologic  history.  Con- 
tains  chapters  on  topographic  features  of  lake 
shores  in  general,  Lake  Bonneville  and  dias- 
trophism,  and  the  age  of  the  Equus  fanna. 
Appendix  A,  on  altitudes  and  their  determi- 
nation, by  A.  L.  Webster;  B,  on  the  deforma- 
tion of  the  geold  by  the  removal,  through 
evaporation,  of  the  water  of  Lake  BonneviUar 
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GILBERT,  Grove  Karl— Continued. 

by  R.  S.  Woodw^ard ;  and  C,  on  the  elevation 
of  the  aiirrace  of  the  Bonneville  basin,  by  ex- 
pansion due  to  change  of  olimate,  by  R.  S. 
Woodward. 
The  history  of  the  Niagara  River. 

New  York,   Oqm.    State    Reservation    at 
Niagara.  Sixth  Report,  pp.  61-84,  plates  1-8. 

A  aket<;h  of  the  post-Tertiary  history  of  the 
Great  Lakes  region,  comprising  a  description 
and  discussion  of  the  phenomena  by  which 
its  history  is  recorded,  and  of  the  agencies 
and  attendant  oonditiona. 
The  strength  of  the  earth's  crust. 

Geol.  Soc.  Am.,  BuH.,  voL  1,  pp.  23-24,  26, 
27. 

Abstracts,  Am.  Natnrallst,  vol.  24,  pp.  109, 
467-470. 

Bisccul^lon  of  limits  of  rigidity  and  the 
nature  of  geologic  conditions  producing  defor- 
mation. Discussed  by  A.  Winohell,  Robert 
Hay,  J.  J.  Stevenson^  and  J.  C.  Branner,  pp. 
26-27. 
t ]  Utah. 

Macfarlane's    Geol.    Railway   Guide,   2d 
edition,  pp.  313^15. 

Geological  notes  for  railway  stations. 

OILPIN,  E.    The  evidence  of  a  Nova 

Scotia  Carboniferous  conglomerate. 

Science,  vol.  15,  p.  373,  i  col.,  4°, 

Abstract  of  paper  read  to  Royal  Society  of 
Canada,  1890. 
OIROUX,  N.  J.  Serpentines  of  Canada. 

Ottawa  Naturalist,  vol.  4,  pp.  9&-116. 

Descriptions  of  all  known  localities,  quoted 
mainly  iVom  various  authorities. 
OOLDSMITEt,  Edward.  Pea-like  phos- 
phorite from  Polk  County,  Florida. 

Philadelphia,  Acad.  Nat.  Sciences,  Proc, 
1890.  p.  10,  i  p. 

Description  of  its  constltulion. 


OOODVEAR,  W.  A.  San  Diego  County. 
Oalifomia,  Ninth  Report  of  Mineralogist, 
pp.  130-155. 
Incidental  references  to  geology. 

Santa  Cruz  Island. 

OaUfomia,  Ninth  Report  of  Mineralogist, 
pp.  155-170,  map. 
A  description  of  its  geology. 

GORDON,  C.  H.  On  the  Keokuk  beds  at 
Keokuk,  Iowa. 

Am.  Jonr.  Sol.,  34l  series,  voL  40,  pp.  295- 
300. 

Abstract,  Iowa  Acad.  Sci.,  Proe.,  1887-1889. 
pp.  08-100. 

Extent,  fauna,  stratigraphy  and  hlstoiy,  of 
some  of  the  members. 

Or  the  brecciated  character  of  the 

St.  Louis  limestone. 

Am.  Naturalist,  vol.  24,  pp.  305-313,  platen 
10,  11. 

Description  of  the  relations  and  discaMioo 
of  the  history  of  the  formatioB. 
GRAHAM,   James  C.     On  a  peculiar 
method  of  sand  transportation  by  rivers. 
Am.  Jour.  Sci.,  3d  series,  vol.  40.  pp.  476,  f  p. 
•     Abstract,  Engineering  and  Mining  Jonr., 
vol.  50.  p.  648,  i  col.,  40. 
Discussion  of  the  floating  of  sand. 

GRANT,  Uly  S.  Account  of  a  deserted 
gorge  of  the  Mississippi  near  Minne- 
haha Falls. 

Am.  Geologist,  toL  6,  pp.  1-6,  plate  L 
Account  ol  its  topographyand  review  of  its 
history. 
GRATACAP,  L.  P.  [Block  of  Potsdam 
sandstone  from  drift  on  shore  at  Totten- 
ville,  Staten  Island.] 

Am.  Naturalist,  vol.  24,  p.  891, 8  Unes. 
Science,  vui  15,  p.  14, 4°. 


H. 


HAGUE,  Arnold.  Report— Yellowstone 
National  Park  division. 

U.  S.  Geol.  Survey,  Ninth  Report,  J.  W. 
Powell,  pp.  91-96,  1880. 

Includes  a  brief  general  reference  to  geology 
of  the  upper  Yellowstone. 

[ ]    Wyoming,    Utah,    Nevada,    and 

Idaho. 

Macfarlane's    Geol.    Railway   Guide,    2d 
edition,  pp.  309-312,  315. 

List  of  formations  and  geological  not-es  for 
railway  stations. 

[HALL,  C.  W.]  [Notes  for  Fergus  Falls 
and  Black  Hills  Railway,  Gara  and 
Winnebago  City.] 

Macfarlane's  Geol.    Railway    Guide,  2d 
edition,  p.  251,  |  p. 


[HALL,  James.]  Heoord  of  locality 
numbers. 

New  York  State   Musetui,  Forty-secoad 
Report,  pp.  451-406,  1889,  (to  be  coDtinued). 

Brief  reference  to  fossiUferons  localities  io 
the  State  of  New  York  and  a^oining  portiona 
of  Pennsylvania. 
[HAMMOND,  Harry.]  South  Carolina. 
Macfarlane's  Geol.    Railway   Guide,   2d 
edition,  pp.  369-373. 
Geological  notes  for  railway  stations. 

HAMMOND,  John  Hays.  The  aurifer- 
ous gravels  of  California.  Geology  of 
their  occurrence  and  methods  of  their 
exploitation. 

OaUfomia,  Ninth  Report  of  Mineralogift, 
pp.  105-138,  pis.  1-8. 
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AMMOND,  John    Haye— Cootinued. 
Abfltr»ct.  Bngiueering  and  Mining  Jour., 
vol.  60,  pp.  310-311,  2  cols.,  40. 

Incidental  refrrence  to  geology  and  crosa 
sectioiu  of  •eyeral  diatiicta. 
arvard  College,  MuBeiimof  Compar- 
atlvo  ZoSlogy,  Bulletins,  vol.  16. 
CretaceoQB  fossila  on  Martha'a  Vine- 
yard, Shalkr. 
Topography  of  Florida,  Shalbr. 
Coral  reefs  of  nonthern  Florida,  Ao- 

A8SIZ. 

Ottrelite  and  Ilmenite  schiflt  in  New 
England,  Wolpf. 
ARVBT,  Arthnr.    Broad  ontlines  of 
the  geology  of  the  northveet  of  Lake 
Superior. 

Oanadian  Inat.,  Proo.,  new  series,  vol.  7, 
pp.  218-225. 

Review  of  geologic  history,  mainly  of  the 
Great  Lakes  region. 

—  ]  Erosion  in  the  valley  of  the  Don. 
Canadian  Inat.,  Proc,  vol.  7,  pp.  28-29,  | 

p.,  1889. 
Discassion  of  its  rate. 

[ASTINGS,    John     B.]      Notes    for 
L^nion  Pacific  Railroad. 

Macfarlane's   Oeot.   Railway  auide,    2d 
edition,  pp.  813,  813,  3U. 

Geological  notea  for  stations  hetween  Am- 
erican Falls,  Idaho,  and  Ketchum,  Oregon. 
iwaiian  Islands.    Analyses  of  coral 
rocks  and  soils,  Eakins. 

Volcanoes,  Dana. 
AWOKTH,  Erasmus.  The  crystalline 
•ocks  of  Missouri.  (Abstract.) 

Iowa  Acad.  Sol.,  Proc.,  1887-1889,  pp.  87- 
68. 

General  references  to  the  varions  rooks  and 
their  relations. 

&.Y,  Robert.    A  geological  reconnais- 
;ance  in  sontheastern  Kansas. 

n.  S.  Oool.  Snrrey,  Bnlletin,  No.  57,  pp. 
15-49,  piS.  1,2. 

Abstract,  Am.  Oeologiat,  vol.  8,  pp.  889- 
390,  i  p. 

Description  of  Carboniferous,  Jnra-Trias, 
Gretaoeotu,  Tertiary,  and  Quaternary  forma- 
tions, and  discussion  of  various  questions  of 
atratijrraphy,  equivalency,  geologic  history, 
sonroe  of  the  Tertiary  conglomerates,  posi- 
tion of  the  Tertiary  shores  and  the  history  of 
the  unconformities.  Colored  geologic  map 
and  plate  of  cross-sections. 

—  Notes  on  Kansas  salt  mines. 
Am.  Geologist,  vol.  6,  pp.  65-67.  pis.  2. 
Stratigraphy  at  Kingman  *  nd  reference  to 


HAT,  Robert— Continued. 

occorrence  of  red  beds  at  EUsworth  and  of 
gypsum  deposits  in  Permo-Carboniferoos  and 
red  beds. 

Artesian  wells  in  Kansas  and  causes 

of  their  flow. 

Am.  G^eologiBt,  voL  6,  pp.  296-301. 
Sd.  Am.  Bnppl.,TOl.  29,  pp.  1206e-12M7  Ko. 
755. 

Abstract,  Kansas  Aoad.  Sol.,  Trans.,  vol. 
12,  pp.  24-26. 

Review  of  conditions  affecting  artesian  wa- 
ter supplies  at  various  localities  in  Kansas. 
1  [Remarks  on  certain  peculiarities 


in  the  distribution  of  lignite  in  the  Da- 
kota formation  in  Kansas.] 

aeol.  Soc.  Am.,  Bull.,  vol.  1.  p.  26,  i  p. 

Reterence  to  local  flexures  along  depres- 


In  discussion  of  paper  by  G.  K.  Gilbert 
"  The  strength  of  the  earth's  crust." 

HEIIiPRIN,  Angelo.  The  corals  and 
coral  reefs  of  the  western  waters  of  the 
Qnlf  of  Mexico. 

Philadelphia,  Aoad.  Nat.  Science,  Proc, 
1890,  pp.  808-316,  pis.  6,  7. 

Includes  a  description  and  chart  of    the 
reefs  and  discussion  of  their  history  and  its 
bearing  on  coral  reef  theories. 
HERRICK,    C.  L.     The    Philadelphia      • 
meeting  of  the  International  Congress 
of  Geologists. 

Am.  aeologist,  vol.  6,  pp.  379-388. 
Record  of  proceedings. 
HilWITT,  W.    The   evolntion  of  the 
Grand  Calion  of  the  Colorado.   A  prob- 
lem in  phy Biographical  geology. 

Liverpool  Oeol.  Assoc.,  Jonr.,  vol.  9,  pp. 
49-55. 

Extracts  from  C.  E.  Button's  "Tertiary 
history  of  the  Grand  Calion  District,"  XT.  S. 
Geol.  Survey,  Monographs,  vol.  2,  1882. 
HICE,  R.  R.,  FOSHAY,  P.  Max,  and. 
Newly  discovered  glacial  phenomena 
in  the  Beaver  Valley,  [Pennsylvania]. 
Am.  NatturaUst,  vol.  24,  pp.  816-818. 
'  Notice  of  gravel  deposits,  grooves,  sti-iie, 
and   pot-holes,  several   miles  south   of  the 
terminal  moraines  of  previous  observers. 
[HILaARD,  E.  W.]    Mississippi. 

Macfarlane's   Geol.    Railway   Goide,    2d 
edition,  pp.  388,  889. 

Brief  sketch  of  the  geology  of  the  State  and 
notes  for  railway  stations. 

[ ]  Louisiana. 

Macfarlane's   Geol.   Railway   Guide,  pp. 
390-391. 
Geological  notes  for  railway  stations. 
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HILIi,  Robert  T.  A  preliminary  anno- 
tated check  list  of  the  Cretaoeoas  foeeila 
of  Texas,  accompanied  by  a  short  de- 
scription ot  the  lithology  and  stra- 
tigraphy of  the  system.  Texas  Geologi- 
cal Sorvey,  Bulletin  No.  4,  pp.  xxxi. 
57.    Anstin,  1889. 

AlMtnot,  Am.  aeologist,  toI.  0,  p.  124,  |  p. 
Bevlewed  by  J.  Iffarooa,  Am.  Ocologist,  voL 
(,  pp.  3]  5-317. 

Pftgea  Til-xzxi,  prefatory  general  descrip- 
tion and  atntigrapbio  table  of  the  Texas  sec- 
tion of  the  Cretaoeoas. 

A  brief  description  of  the  Cretaoeons 

roclcs  of  Texas  and  their  economic  yalae, 
based  principally  npon  a  preliminary 
section  along  the  Colorado  River  from 
near  Smithwiok  Mills,  Bnrnet  County, 
to  Webberville,  Travis  County. 

Texas  aeol.  Sunrej,  First  Annaal  Report, 
pp.  lOS-144. 

General  etratii^rapbic  review  of  tbe  com- 
ponent formations  and  description  of  certain 
disturbed  areas,  and  of  economic  features. 

The  Eagle  Flats  formation  aud  the 

basin  of  the  Trans-Pecos  or  mountain- 
ons  region  of  Texas.    (Abstract. ) 

Am.  Assoc.  Adv.  Science,  Proo.,  vol. 88, p. 

242,  8  lines. 

Brief  notice  of  Quaternary  lake  beds. 

The  geology  of  the  valley  of  the 

upper  Canadian  from  Tascosa,  Texas, 
to  Tucnmcarri  Mountain,  New  Mexico, 
with  notes  on  the  age  of  the  same. 
(Abstract.) 

Am.  Assoc.  Adv.  Science,  Proc,  vol.  38,  p. 
2t3,  6  lines. 

Notice  of  its  general  topograpbic  relations, 
and  of  a  detrital  filling  for  whicb  a  name  is 
proposed. 

The  geology  of  the  Staked  Plains  of 

Texas,  with  a  description  of  the  Staked 
Plains  formation.     (Abstract.) 

Am.  Assoc.  Adv.  Science,  Proc,  ToL38,p. 

243,  4  lines. 

Notice  of  history  of  tbe  plains  and  applica- 
tion of  a  name  to  their  Pleistocene  deposits. 

A  classification  of  the  topographic 

features  of  Texas,  with  remarks  npon 
the  areal  distribution  of  the  geologic 
formations.    (Abstract.) 

Am.  Assoc.  AdT.  Science,  Proc,  vol  J8,  pp. 
243-244,  0  lines. 

Tbe  abstract  consists  of  a  brief  general 
clasflification  of  tbe  principal  topographic 
features  of  the  State. 

Classification  and  origin  of  the  chief 

geograxihic  features  of  the  Texas  region. 


HILL,  Robert  T.-^Continaed. 

Am.  Oeologiat,  voLfi^  pp.  9-29^68-80,  mapu 
<To  be  conttnaed.) 

Description  of  tbe  Tarions  topographic 
areas  and  geologic  formations  and  sketcb  of 
the  history  of  the  topographic  development 
of  the  region. 

The  fossils  of  the  Trinity  beds. 

Am.  Otologist,  vol.  S,  p.  62,  i  p. 

Remarks  in  regard  to  identity  of  certain 
forms  and  reference  to  general  stratigraphic 
nature  of  the  formation. 

Exploration  of  the  Indian  Territory 

and  the  medial  third  of  Red  River. 

Am.  aeologist,  vol.  6,  pp.  2S2-S53. 

Brief  statement  in  regard  to  relations  and 
stmotnre  of  folded  Paleosoios  and  a  granite 
belt  and  discussion  of  age  of  the  distorbancea. 

The  Texas  Cretaoeoas. 

AuL  (Geologist,  ToL  6,  pp.  253-264i,  |  p. 
In  regard  to  correlation  with  Boropean  Cr^ 
taoeous. 

Pilot  Knob.    A  marine  Cretaoeoas 

volcano.    [Texas.  ] 

Am.  Geologiat,  toL  6^  pp.  286-292. 

Abstratot,  Am.  Naturalist,  vol.  25.  pp.  275, 
276,  I  p.    189i. 

Geologic  relations,  ash  beds,  con^t  phe- 
nomena and  Cretaoeons,  Tertiary  and  Pleistcn 
oene  history  of  the  region. 

Occnrrenoe    of    Goniolina    in    the 

Comanche  series  of  the  Texas  Cret*a- 


Am.  Jonr.  Soi.,  8d  series,  voL  411;  pp.  64-65. 
Includes  brief  description  of  oontaininj^ 
beds. 

and  DUMBLE,  E.  T.    The  igneous 

rocks  of  central  Texas.    [  Abstract.  ] 

Am.  Assoc.  AdT.  Scienco,  Proo.,  toL  38,  pp. 
242-243,  i  p. 

Notice  of  their  distribution,  general  rel*- 
lations,  and  age. 

HILLEBRAND,  W.  F.      Rocks   from 
Pigeon  Point,  Minnesota.    Analyses. 
U.  S.  Gkol.  Surrey,  BuU.  No.  56,  pp.  81-82L 
1889. 

[Volcanic]  rocks   from    California. 

Analyses. 

U.  S.  Oeol.  Survey,  Bull.  No.  »,  pp.  S4-8S. 
1889. 

Rooks  collected  by  R.  D.  Irviugr. 

[Gabbro,  limestone,  aud  iron  carbon, 
ate.    Analyses.] 

TJ.  S.  Geol.  Survey,  Bull.  K<f.  00,  pp.  149. 150. 
fp. 
Penokee-Gogebio  region,  Miobigaa  and  Wia- 
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biEBRAND,  W.  F.— Continned. 
ftyvaoalite  from  Marqaette,  Michigan, 
[Analysis.] 
U.  S.  Qaol.  SoTT^,  BnU.  N o.  eo,  p.  Ul,  i  ]>. 

-  Lavas  from  near  Lassen  Peak,  Cal- 
fornia.    [Analyses.] 

U.  S.  Geol.  SivTVf ,  BnU.  No.  90,  pp.  155-167. 

-  Dolomite  ftrom  Tnckahoe,  Weetches- 
ar  Coanty,  New  York.    [Analysis.] 

IT.  8.  GeoL  Surrey,  Boll.  No.  <W,  p.  159,  i  p. 

-  Marble  from  Loalsiana.    [Analysis.] 
U.  S.  dtoL  Surrey,  Ball.  Ko.  00,  p.  100,  \  p. 

LLQf  R.  0.  Additional  note  on  the 
[aerfano  beds. 
Colorado  Sol.  Soo.,  Proo. ,  vol.  8,  pp.  217-22S- 
DUiribntion,  rolafeiona  to  marine  Cretaoeoos 
and  to  tbe  Lazanie,  mammaliaD  remain*,  otot- 
lyinj;  Pliooene  beds,  and  absence  of  Eooene 
fresb-water  depeaita  eaat  of  the  Rocky  Moun- 
tain divide. 

-  Additional  notes  on  the  eraptions  of 
be  Spanish  Peaks  region. 

Colorado  Sol.  Soc. ,  Proo. ,  vol.  3,  pp,  224-227. 

Extent,  aUnctural  relatione  and  correlation 
of  some  of  the  masaea  and  notice  of  newly  dis- 
covered sheets  and  dikes. 

[NDE,  G.  J.  ]  [Remarks  on  the  origin 
f  the  basins  of  the  Great  Lakes  of 
merica.] 

aeol.  8oo.,  Quart.  Jour.,  voL  46,  pp.  631- 
532, 1  p. 

Discussion  of  paper  with  that  title  by  J.W. 
Spencer. 

rCHCOCK,  C.  H.  Significance  of 
ral  granitoid  areas  in  the  lower  Lan- 
intian.    [Abstract.] 

O^ol.  Soo.  Am.,  Ball.,  vol.  1,  pp.  567-658. 

Abstract,  Am.  aeologist,  vol.  6,  p.  121,  7 
ines. 

Discussion  of  the  causes  and  conditions 
Thich  hsTO  given  rise  to  certain  ooncentiio 
irrangements  of  minerals  and  structure,  in- 
itancin^  an  area  at  Hanover,  N.  H.  Discussed 
>y  6.  H.  Williams,  p.  658,  |  p. 

[Remarks  on  the  equivalency  of  the 
dlian  limdstones  of  Vermont.] 

Geol.  Soo.  Am.y  Bull.,  vol.  1,  p.  513,  ^  p. 

In  discussion  of  paper  by  E.  Braincrd  and 
I.  M.  Seelyon  *' The  Calciferous  formation  in 
he  Champlain  Yalley." 

[Remarks  on  distribution  of  bowld- 
8,  especially  in  New  England.] 

Oeol.  Soc.  Am.y  Bull.,  toI.  1,  p.  80,  ^  p. 

In  discussion  of  paper  by  T.  C.  Chamberlin 
o  "Bowlder  belts  distinguished  fh>m  bowlder 
rains." 

The  nse  of  tbe  terms  Laurentian  and 
)waTk  in  geological  treatises. 


HITCHCOCK,  C.  H.— Continued. 
AnL  Geologist,  voL  6,  pp.  107-SOS. 
Discussion  of  the  status  of  various  terms 
which  have  been  applied  to  Aroheaa,  Jura- 
Trias,  and  late  Pleistocene  formations. 

Field  studies  of  hornblende  schist. 

[Abstract.] 

Am.  Assoc.  Adr.  Sci.,  Proo.,  toI.  88,  p. 261, 
IP. 

Evidence  of  its  original  eruptive  nature, 
and  age  of  eruption. 

Maine,  New  Hampshire,  Vermont, 

and  Connecticut. 

Maofarlane's  Oeol.  Railway  auido,  8d 
edition,  pp.  86-86. 

Table  of  geological  formations  ot  the  New 
England  States  and  geological  notes  Cor  rail- 
way stations. 

Wright's  **  Ice  age  in  North  America 

and  ite  bearings  on  the  antiquity  of 


BibUotheca  Sacra,  Jan.,  1880,  pp.  9fr.l21. 

A  description  of  the  work  and  a  discussion 
of  the  events  of  Pleistocene  history,  mainly 
in  connection  with  the  age  and  relations  of 
the  Colnmbia  formation. 

[ ]  [Notes  on  Harlem  division  New 

York  Central  Railroad.] 

Macfarlane's  God.  Railway  Guide,  2d 
edition,  pp.  132, 136. 

HOLLAND,  \V.  J.  Ascent  of  the  volca- 
noes  Nantal-san,  Asama-yama,  and 
Nasu-take,  Japan. 

Appalaohia,  vol.  6,  pp.  10^137,  plates  6-8b 
Includes  notes  on  their  geologic  structure 
and  history. 

HOIJiaB£^  J.  A.  The  conglomerate  and 
pebble  beds  of  the  Triassic  and  Potomac 
formations  in  North  Carolina.  [Ab- 
stract. ] 

EUsha  MitohoU  Sd.  Soc.,  Jour.,  1888,  p.  148, 

Brief  reference  to  conditions  of  deposition 
and  bearing  on  geologic  history  of  thoTegion. 

HOL8T,  N.  O.    A  great  quartzyte  more 
recent  than  the  Olenns-schist. 
Am.  Geologist,  voL  6,  pp.  357-860. 
FromGhtologiskaFOreningens  1  Stockholm, 
Forhandl.,  bd.  11,  p.  33, 1888. 
In  Sweden. 

HOVE7,  E.  O.  Observations  on  some  of 
the  trap  ridges  of  the  East-Haven- 
Branford,  Connecticut,  region.  [Ab- 
stract.] 

Am.  Assoc.  Adv.  Sci.,  Proo.,  vol.  88,  pp. 
232-233,  8  p. 

Abstract,  Am.  Katuralist,  toI.  24,  p.  UO,  4 
lines. 

Struotnral  relations,  oootaot  features,  age 
andhialny* 

Google 
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HOVE7,  Horace  C.  The  pits  and  domes 
of  Mammoth  Cave.    [Abstract.] 

Am.  Amo«.  AdT.  Sci.,  Froc,  vol.  88,  pp. 
268-255. 

Bescriptioji  of  certain  reoontly  eaq>lored 

cbamben  of  the  cave. 

HUBBARD,  O.  P.  [Notice  of  pot-holes 

opposite  CatskiU,  New  York,  and  deep 

boring  in  Newark  sandstones  at  New 

Haven,  Connecticut. 

New  York  Acad.  Sci. ,  Trans.,  toI.  9,  p.  8,  |  p. 
Gives  elevation  and  dimensions  of  pot-holes 
and  brief  account  of  a  2,400-foot  boring. 
HUNT,  Joseph  H.    A  group  of  copper 
pseudomorphs  after  chalcocite,  and  sil- 
ica and  phrenite  pseudomorphs  after 
pectolite,  from  Paterson,  N.  J.    [Ab- 
stract.] 

New  York  Acad.  Scl.,  Trans.,  vol.  9,  pp. 
140^144. 


HUNT,  Joseph  H.— Continued* 

With  prefatory  description  of  the  ooatain* 
ing  altered  erapttves. 

HUNT,  T.  Sterry.  The  iron  ores  of  the 
United  States. 

Engineering  and  Mining  Jonr.,  voL  50,  pp. 
001^02, 822-424,  4°. 

Comprises  a  dlscosdon  of  their  geologic  disr 
tribatlon. 

The  geological  history  of  the  Quebec 

Group. 

Am.  Geologist,  voL  5,  pp.  212-225. 
Beview  of  the  "  Quebec  Group"  question. 

[ ]  [Notes  on  geology  of  eastern  New 

York.] 

Macfarlane*s  Geol.  Railway  Guide,  2d 
edition,  p.  137. 

On  the  age,  equivaJenoy,  and  relations  of 
the  Silurian  to  Aroheaa  rocks. 


I. 


IDAHO.    Age  of  beds  in  Boisd  River 
region,  Emhons.    Copb. 
Macfarlane's  Geol.  Railway   Gaide, 
Dawson,  G.  M.    Hague.    Hast- 
ings.    PUMPKLLY. 
Movements  in  Rocky  Mountains,  Em- 
mons.   Scott. 
Record  of  well  at  Nampa,  Kurtz. 
Warren's  Geography,  Brewer. 
IDDINGB,  Joseph  Paxton.  On  a  group 
of  volcanic  rocks  from  the  Tewan  Moun- 
tains, New  Mexico,  and  on  the  occurr 
rence  of  primary  quartz   in    certain 
basalts.    U.  S.  Geol.  Survey,  Bull.  No. 
66,  pp.  34. 

Abstract,  Am.  Jour.  Sol.,  3d  series,  voL  41, 
pp.  248-240,  i  p.    1891. 

Petrographic  description  aud  discussion  of 
the  possible  origin  of  porphyritio  quarts. 

The  mineral  composition  and  geo- 
logical occurrence  of  certain  igneous 
rocks  in  the  Yellowstone  National 
Park. 

Washington  Phil.  Soo.,  Bull.,  vol.  U,  pp 
191-220,  table. 

Prefatory  geologic  sketch  of  the  region; 
petrographic  descriptions,  chemical  constitu- 
ents and  discussion  of  the  variations  in  min- 
endoglo  composition  end  crystalline  struc- 
ture. 

and  PBNFIELD,  S.  L.   Fayalite  in 

the  Obsidian  of  Lipari. 

Am.  Jour.  Sol.,  3d  series,  vol.  40,  pp.  75-78. 
Abstract,  Am.  Naturalist,  vol.  24.  p.  1072,  7 
lines. 

Includes  brief  references  to  lUe  containing 
and  associated  rocks. 


niinoifl.    Artesian    waters   from    drift, 

ROLFB. 

Bowlder  belts  and   bowlder  trains, 

CHAMBltRUN. 

Building  stones,  Mkbrill,  G.  F. 
Climate    indicated    by   interglaeial 

beds,  Levkrett. 
Deep  well  at  Dixon,  Tiffany. 
Glacial  boundary,  Wright. 
Glacial  phenomena,  Levkrett. 
History  of  Niagara  River,  Gilbert. 
Report— -Division  of  Glacial  Geology) 

U.  S.  Geol.  Survey,  Chamberun. 
Warren's  Geography,  Brewer. 
Macfarlane's  Railway  Guide,  Cham- 
berun.   Worthed.    Wright. 
Indiana.  Analyses  of  limestone,  Clarke. 

Catlett. 
Bowlder  belts  and  bowlder  trains, 

Chamberlin. 
Building  stones,  Merrill,  G.  P. 
Climate    indicated   by    interglaeial 

beds,  Leverett. 
History  of  Niagara  River,  Gilbert. 
Glacial  boundary,  Wright. 
Keokuk  beds,  Gordon. 
Origin   of  pressure  of  gas,  Orton. 

McGeb. 
Trenton  limestone,  oil,  and  gas,  Ok- 

TON. 

Petroleum   belt     at    Terre    Haate, 

Waldo. 
Report— Division  of  Glacial  Geology, 

U.  S.  Geol.  Survey,  Chamberun. 
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iana— Continiied. 

MAofarlane's  Bailwa?  Gaide,  Cham- 

BERUM.     GOLLKTT.     WrIGHT. 

Warren's  Geography,  Brewer. 

ian    Torrltoty.     Coal      Meaaures, 

Chance. 
Explorations,  Hill. 
Macfarlane's  Railway  Qmde,  LouoH- 

RIDOB. 

Warren's  Geography,  Brewer. 
i-ALLp  Elfrio  Drew.  Report  on  mines 

d  mining  on  Lake  Superior. 

Caxiada,  a*ol.  Znmj,  Beporls,  toL  8,  new 
r^ries,  part  2,  Report  H,  pp.  Iv,  1-114,  125- 
H.  pUk  i<ix«  map,  188& 

Abstract,  Am.  Q-eolosist,  toL  S,  p.  243.  |  p. 

Inolades  freqaent  iooidental  geolofric  de- 

:riptiona  and  aeotions.  Aooompanied  by  ool> 

ped  map  and'aaction  of  Silver  Moantain  dis- 

let 

a.    Brecciated  character  of  St.  Loais 

limestone,  Gordon. 
3ailding  stones,  Merrill,  G.  P. 
!)eep  well  at  Le  Mars,  Todd. 
folding  of  Carboniferous  in  soath- 

western  Iowa,  Todd. 
L«ineage  of  Lake  Agassis,  Todd. 
>oe8s  and  its  fossils,  Shibibk. 
.oess  ahout  Muscatine,  Witter. 
lacfarlane's    Railway    Gnide,    Mc- 

Gbb. 

lakoqneta  shales,  James. 
licroscopio  atraotare  of  oolite,  Bar- 
boor. 

Origin  of  extra-morainic  till,  Todd. 
:eport— Potomac   Division,    U.    8. 

Geol.  Survey,  McGeb. 
erraces  of  the  Missouri,  TODD. 
upographio  types  of  southeastern 

Iowa,  McGee. 
ransitional  drift,  Webster. 
Tarren's  Geography,  Brewer. 


Iowa  Aoadamy  of  Soiaiioea,  Proofed- 
Insa,  18»7-lHd». 
Terraces  of  the  Missouri,  Todd. 
Origin  of  extra-morainic  till,  Todd. 
Loess  ahout  Muscatine,  Witter. 
Crowley's  Ridge,  Arkansas,  Call. 
Lineage  of  Lake  Agassis.  Todd. 
Folding  of  Carhouiferous,  Todd. 
Crystalline   rocks  of  Missouri,  Ha- 

WORTH. 

Eastern  Arkansas,  Call. 
Keokuk  heds  at  Keokuk,  Gordon. 
Iowa  State  UnlTeraity  Laboratoxies 
of  Natural  History,  Bulletin,  vol. 
1,  Noe.  a-4,  vol.  2,  No.  1. 
Loess  and  its  fossils,  Shimek. 
[IRELAN,  William,  Jr.]  California  ce- 
ment. 

Oalifomia,  Ninth  Report  of  Mineralogiat, 
pp.  309-311. 

Analyaea  of  certain   oalcareoiis    depoaita 
firom  San  Diego  and  Loa  Angelea  coontiea  and 
near  Port  Goata. 
IRVING,  R.  D.    Report— Lake   Supe- 
rior Division. 

n.  S.  Oeol.  Snrrey,  Eighth  Report,  *T.  W. 
Poivell,  pp.  182-141,  1889. 

Includea  a  brief  accoant  of  re-«ultnor  atadiea 
in  Hnronian  region  in  Canada  and  the  Mar- 
quette Iron  region;  of  the  rocka  at  the  falla 
of  the  Menominee,  by  O.  H.  WilUama ;  and  in 
the  Meaabe  Range  and  at  Pigeon  Point,  by 
Bayley. 

Explanatory  and  historical  note. 

U.  S.  Geol.  Survey,  Bull.,  No.  82.  The 
greenatone  achlatareaa  of  the  Menominee  and 
Marquette  regiona  of  Michigan,  by  6.  H. 
WiUiama,  pp.  11-80,  pla.  1-2. 

Review  of  proTlona  obaenrera,  and  diacua- 
aion  of  geologic  structure  and  relatlona  of  the 
region,  especially  in  connection  with  ti)e  re- 
sults of  Williams's  studies.  Illuatrated  by 
two  colored  geologic  maps. 


J. 


BS,  Joseph  F.    On  Lanrentian  as 

lied  to  a  Quaternary  terrane. 

Lm.  Geologist,  toL  6,  pp.  29-35. 

[iatory  of  the  use  of  the  term  with  quota - 

IB  from  various  writera  to  illustrate  its  ap- 

;ation. 

)n  the  Maqnoketa  shales,  and  their 
elation  with  the  Cincinnati  group 
>uthwe8tem  Ohio. 

xn.  GS-eologist,  vol.  .%  pp.?3»-:{56, 30i. 
omprinefl  an  account  of  their  strntigraphy, 
logic  relations,  fauna,   and  diatribution, 


JABflBS,  Joseph  F. — Con  tinned. 

and  a  discussion  of  their  extent  and  strati* 
graphic  equivalency. 

On  the  name  **  Laurentian." 

Am.  Geologist,  toL  6,  pp.  133-134,  f  p. 
Reply  to  Hitchcock  in  regard  to  its  deriva- 
tion, spelling  and  status  as  a  geologic  term. 
Section  of  the  Makoqneta  [Maqno- 
keta] shales  in  Iowa  [abstract]. 

Am.  Assoc.  Adv.  Sci.,  Proc.,  vol.  38,  pp.  250- 
251. 

List  of  strata  exposed  in  railroad  cuts  near 
Graf  atotioQ. 
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JAME£^  JosAph  F.— Continned. 
A  oave  in  the  Clinton  formation  of  Ohio. 
Oinolaxuitl  Soc.  Kat  Hist,  Jonr.yVoLia, 
pp.  31-33. 

Patoriptlon  of  the  oare  and  brief  referesoe 
to  the  distribntion  and  characteriatioa  of  the 
Clinton  formation  in  Ohio. 

JANIN,  Loais,  Jr.  Malatos  gold  mines, 
State  of  Sonora,  Mexico. 

Engineering  and  Mining  Jonr.,  to1.40,  pp. 
181-132.    49. 
Brief  account  of  geology  of  the  Tioinity. 

Johns  Hopkins  University  Circulars, 
No8.  78-84. 
Expedition  into  sonthern  Maryland 

and  Virginia,  Clark. 
Excnrsion  in  northern  Appalachian 

region,  Williams,  G.  H. 
Gay  Head,  Massachusetts,  Clark. 

JOHNSON,  Lawrence  C.  Report  — 
Lower  Mississippi  division. 

U.  S.  deol.  Survey,  Ninth  Report,  J*.  W. 
Powell  pp.  110-111,  1889. 

Includea  a  brief  allnelon  to  a  section  exhib- 
itiDg  the  Grand  Galf-VickHbarg  contact  in 
Wayne  Coanty,  Mieeisaippi. 
[ ]  Florida. 

Macfarlane'i  Oeol.  Railway  Onlde,  2d  edi- 
tion, pp.  392-384. 

General  notes  on  the  geology  of  the  State 
and  geological  notes  for  railway  stations. 

JOHNSON,  W.D.    Clays. 

California,  Ninth  Report  of  Mineralogist, 
pp.  287-308. 

Indndes  several  brief  references  to  clay 
localities  and  analyses  of  eleven  samples. 

JIJKES-BROTVNE,  A.  J.  The  date  of 
the  high  continental  elevation  of 
America. 

Qeol.  Magazine,  decade  III,  toL  7,  pp.  661- 
562. 

Discussion  of  the  evidence  in  the  Caribbean 
region. 

Jura-Trias. 
Canada,  Tnkon  district,  Dawson,  G.  M. 
Lower  Liard  River,  McConnbll. 
Triassic  traps  of  Nova  Scotia,  Mars- 

TERS. 

New  Brunswick,  Bailey. 
Warren's  Geography,  Brewkr. 
Macfarlane*s  Railway  Guide,  Daw- 
son, G.  M, 
Central  Amerioaf  Nicaragua,  Crawford. 

Geologic  map  of  Mexico,  Castillo. 
Newark    formation    (Connecticut     to 
North  Carolina). 


Jura-Trias— Continued. 

Building  stones,  Merrill,  G.  P. 

North  American  Mesozoic,  Whitk, 
C.  A. 

Use  of  terms  Laurentian  and  Newark, 
Hitchcock. 

Archean  axes  of  eastern  North  Amer- 
ica, Dana. 

Boring  in  Trias  at  New  Haven,  Hub- 
bard. 

Traps  of  East  Haven-Brantford 
region,  Hovby,  E.  O. 

Fillings  in  fissures  in  trap  near  Meri- 
den,  Davis. 

Decay  of  rocks  and  origin  of  red 
color,  Dana. 

Relations  of  traps  of  Newark  system, 
Darton. 

Intrusive  origin  of  Watchung  traps. 
New  Jersey,  Nason. 

Studies  of  Triassic  rocks  of  New  Jer- 
sey, Nason. 

Artesian  wells.  New  Jersey,  Nason. 

Psendomorphs  at  Paterson,  New  Jer- 
sey, Hunt,  J.  H. 

Rivers  of  northern  New  Jersey, 
Davis. 

Ancient  shore  lines,  Mrrrill,  F.  J.  H. 

Long  Island  Sound  in  Quaternary, 
Dana. 

Topographic  development  of  New 
Jersey,  Davis  and  Wood. 

Tracks  in  York  County,  Pennsyl- 
vania, Wanner. 

Analysis  of  sandstone  from  Maryland, 
Clarke,  F.  W, 

Triassic  flora  of  Richmond,  Virginiay 
Marcou. 

Notes  un  Richmond  coal  field,  Clif- 
ford. 

Conglomerates  in  North  Carolina, 
Holmes,  J.  A. 

Warren's  Geography,  Brewer. 

Macfarlane's  Railway  Guide,  Camp- 
bell. Chance.  Crosby.  Darton. 
Hitchcock.  Lesley.  Roobrs. 
Smock.    Uhler. 

Weetem  United  State$f  North  American 

Mesozoic,  White,  C.  A. 
Permian  of  Texas,  Cummins. 
Review  of  Texas  geology,  Dumblb. 
Introduction,  southwestern 

MoGbb. 
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ira-Triai— Continaed. 

Kansas  salt  mine.  Hat. 

SoQthweetern  Kaneaa,  Hat. 

Triaflsio  flora  of  Richmond,  Virginia, 
Marcou. 

Movementa  in  Rooky  Monntaina,  Em- 
mons. • 

ExtiDct  Tolcanoea  in  Colorado^ 
Lakes. 

Macfarlane's  Railway  Gnide,  Bailkt. 
Condon.      Dutton.     Eldridge. 


Jara-Txias—Contioned. 

Emmons.     Hague.     Pumpbllt. 
BcoTT.  St.  John.  Upham. 
Spanish  Peaks  region,  Hills. 
Displaoamenta  in  Grand  Ca&on,  Wal- 

COTT. 

Warren's  Geography,  Brewer. 
Nomenclature,  Use  of  terms  Lanrentian 

and  Newark,  Hitchcock. 
Triaasic  flora  of  Richmond,  Virginia, 

Marcou. 


K. 


insas,  Artesian  wells.  Hat. 
Bailding  stones,  Merrill,  G.  P. 
Chalk    from    Niohrara   Cretaceous, 

Wiluston. 
Cheyenne  sandstone,  Cragin. 
Loess  and  its  fossils,  Shimek. 
Lignite  in  Dakota  formation,  Hat. 
Permo-Carhoniferons  of  Greenwood 

and  Butler  counties,  Woostrr. 
Macfarlane's    Railway    Guide,    St. 

John. 
Southwestern  Kansas,  Hat.  McGee. 
Salt  mine,  Hat. 
Silverdale  limestone,  analysis,  Cat- 

LETT. 

Warren's  Geography,  Brewer. 
asas  Academy  of  Soiencea,  Trana- 

actiona,  vol.  12,  part  1. 
Artesian  wells  in  Kansas,  Hat. 
MP,  J.  F.    On  the  dikes  near  Kenne- 
imkport,  Maine. 

Am.  Geologist,  vol.  5,  pp.  12i^l40. 

Abstract,  Gool.  Soo.  Am.,  Boll.,  vol.  1,  pp. 
tl-32.    (By  ftQthor.) 

Gr€ologic  relations,  petrography,  and  ages. 

•  Notes  on  a  nepheline- basalt  from 
[lot  Knob,  Texas. 

Am.  aeologlst,  voL  8,  pp.  292-204. 

Abstract,  Am.  Naturalist  toL  24,  p.  11S9. 3 
ines. 

Petrography.    Chemical  analyses. 

[Notice  of  supposed  dikes  in  Devon- 
n  shales  near  Ithaca,  New  York.  ] 

Geol.  Soc.  Am.,  Boll.,  toI.  1,  p.  534,  i  p. 
NM^DTT,  William.  The  central  basin 

Tennessee.    A  study  of  erosion. 

Oanadian  Inst.,  Froc.,  toI.  7,  pp.28,  64-;p8. 
880, 

Description  of  the  physiography  and  geol- 
|Ey  of  the  region  and  disoosaion  of  its  geologio 


KBNHBD7,  William.-~Con tinned. 

history  and  topographic  development  and  of 
erosion  in  general. 

KENTUCKY.  Analysis  of  nietamorphio 
rook  from  Marion  Connty,  Eakins. 
Bnilding  stones,  Merrill,  6.  P. 
Macfarlane's  Railway  Gnide,  Pkoo 

TOB,  Whitb,  I.  C.    Wright. 
MiddleshoroQgh,  Boyd. 
Glacial  boundary,  Wright. 
Oil  field  of  Barren  Connty,  Fischer. 
Orange  sands  and  gravels,  Procter. 
Pits  and  domes  of  Mammoth  Cave, 

HOVKY,  H.  C. 
Preglacial  channels  at  Falls  of  the 

Ohio,  Bryson. 
Relations  of  flora  to  geology  in  Lin- 
coln Connty,  Evans. 
Vivianite  near  Eadsville,  Dudley. 
Wetwoods,  Bryson. 
Warren's  Geography,  Brewer. 
KnOBALL,  James  P.    Siderite  basins  of 
the  Hudson  River  epoch. 

Am.  Jonr.  Scl.,  3d  series,  vol.  40,  pp.  165- 
IflO,  pi.  6. 

Geologic  relations,  strocturA,  and  genesis 

of  certain  deposits  in  Columbia  County,  Kew 

York. 

KNOWLTON,  Frank  Hall.  Fossil  wood 

and  lignite  of  the  Potomac  formation. 

IT.  S.  Geol.  Snrrey,  Bull.  No.  56,  pp.  72, 

pis.  7.  1880. 

Includes  a  brief  sketch  (pp.  38-41)  of  the  dis- 
tribution of  the  formation  from  various  an- 
Uiorities,  and  an  acoonnt  of  the  modes  of 
occarrence  of  the  organic  remains. 
[KITRTZ,  M.  A.]    [Record  of  well  at 
Nampa,  Idaho.] 

Boston  Soc.  Nat.  Hist.,  Froc,  toI.  27,  pp. 
425-426,  i  p. 

List  of  beds  penetrated  to  a  depth  of  3^ 
feet* 
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LADD,  G.  E.  Notes  on  the  boilding 
stones,  olays,  and  sands  of  iron,  St. 
Francois  and  Madison  connties,  Mis- 
soari. 

Mlflsonri,  Geol.  Survey,  Bnll.  No.  1,   pp. 
22-44. 
Brief  desoriptione  of  qaairlea. 

The  clay,  stone,  and  sand  industries 

of  St.  Louis  city  and  county. 

Mluonri,  Oeol.  Surrey,  BuU.  No.  3,  pp.5- 
84,  pie.,  maps. 

Sketch  of  general  geology,  description  of 
qnanies,  and  analyses. 

[LAFLAMMXS,  J.  C.  K.]  [Report  on 
observations  on  north  side  of  the  St. 
Lawrence  above  Quebec] 

Canada,  aeol.  Sorvey,  Reports,  toI.  3,  new 
series,  part  1,  report  A,  pp.  27-28.  1888. 

Brief  reforeuce  to  oocorrence  of  limestone 
bands,  sorfiaoe  deposits  of  clay  and  dip  of 
Trenton  limestones. 
IiAKXjS,  Arthur.  Extinct  volcanoes  in 
Colorado. 

Am.  Greologlat,  voL  6,  pp.  38-43,  pis.  2. 
Description  of  crater  and  recent  volcanic 
products  near  Dotsero  station,  preceded  by 
brief  aocoants  of  the  relations  of  various  older 
lava  flows  in  Colorado  and  recent  ones  in  New 
Mexico. 
LANGDON,  Daniel  W.,  jr.    Geology  of 
Mon  Louis  Island,  Mobile  Bay. 

Am.  Jour.  Sci.,  3<1  series,  vol.  40,  pp.  237-238. 
Notice  of  a  fossiliferous  stratum  and  of  an 
overiying  sand  series  of  supponed  Appomat- 
tox age. 
LAWSON,  Andrew  C.    Report  on  the 
geology  of  the  Rainy  Lake  region. 

Canada,  Geol.  Survey,  Reports,  vol  3,  new 

series,  part  1,  report  F,  pp.  182,  map,  pis.  1-7. 

AbBtracts,  Am.  Geologist,  vol.  5,  pp.  5&-56. 

Am.  Naturalist,  vol.  24,  pp.  170-171,  |  p. ;  Geol. 

Magazine,  decade  8,  vol.7,  pp. 30-39. 

Description  of  structure,  distribution  and 
petrography  of  the  various  crystalline  rock 
series  aud  discussion  of  their  structural  rela- 
tions, stratigraphy,  ago,  history,  and  equiva- 
lency. Brief  chapter  on  glacial  phenomena, 
post-glacial  deposits,  and  economic  geology. 

Notes  on  the  pre- Paleozoic  surface 

of  the  Archean  terranes  of  Canada. 

Geol.  Soc  Am.,  Bull.,  vol.  1,  pp.  133-173. 

.    AbstracU,  Am.  Geologist,  vol.  5,  p.  119,  i  p. 

Am.  Naturalist,  voL  24,  p.  208,  i  p. 

Account  of  the  irregularities  of  contour  of 

pre-Faleozoio  floor  in  various  regions  and  brief 

tlUcnssion  of  the  persistence  of  these  irregu- 

laritien  after  the  erosion  of  the  Paleozoics; 

fonuer  ext<»Ti«'on  of  tlip  Pnleozoics  ;  ovprlaps 

«1ue  to  trau(«ge8»ioiiH  and  oscillation:}  iu  level; 

erosion  of  the  Arcbean,  aud  .sourcn  of  Paleo- 

^Ic  sediments.  Discussed  by  J.  "W.  Spencer. 


LAWSON,  Andrew  C— Continued. 

Note  on  the  mapping  of  the  Archean 

northeast    of    Lake    Superior.      [Ab- 
stract.] 

Am.  Assoc.  Adv.  Sd.,  Proo.,  vol.  38,  pp. 
245-246,  i  p. 

Brief  notice  of  components  and  relations  of 
upper  and  lower  Archean. 

Note  on  the  occurrence  of  native 

copper  in  the  Aniniikie  rocks  of  Thun- 
der Bay. 

Am.  Geologist,  voL  5,  pp.  174-178. 
Geologic  relations  and  petrographic  ohar- 
acteristics  of  containing  rocks. 

[Petrographic  descriptions  of  Hnr- 

onian  and  Laurentian  rocks  from  north 
of  Lake  Huron.  ] 

Am.  Geologist,  voL  6.  pp.  80-32. 
Abstract  Am.  Naturalist,  voL  24,  p.  1072,  6 
lines. 
— —  and  SHUTT,  F.  T.     Petrograpical 
differentiation  of  certain  dikes  of  the 
Rainy  Lake  region. 

Am.  Assoc.  Adv.  Sci.,  Fxoc.,  voL  38,  pp. 
240-247,  i  p. 

Discussion  of  structural,  miner alogical,  and 
chemical  variations  in  different  parts  of  the 
same  dike. 
LEDOITX,  Albert  R.  The  phosphate  beds 
of  Florida. 

New  York  Acad.  Sci.,  Trans.,  vol.  9,  pp. 
84-04. 

Engineering  and  Mining  Jour.,  vol.49,  pp. 
175-177.  40. 

Sci.  Am.  Supt.,  voL  30.  pp.  12104-12103,  Ko. 
758.  40. 

Includes  incidental  aooounts  of  geologic  re- 
lations and  a  brief  sketch  of  geology  of  Flor- 
ida, quoted  from  E.  A.  Smith's  papers. 
IiEIDT,  Joseph.   Notice  and  description 
of  fossils  in  caves  and  crevices  of  the 
limestone  rocks  of  Pennsylvania. 

Pennsylvania,   Geol.    Survey,  Report  for 
1887,  pp.  1-20.  pis.  1, 2. 

Includes  abrief  description  of  cave  in  Lower 
Helderberg  limestone  near  Stroudsburg. 
I.ERCH,  Otto,  CUMMINS,  W.  F.,  and. 
A  geological    survey  of  the    Concho 
country,  State  of  Texas. 

Am.  Geologist,  vol.  5,  pp.  321-335,  map. 
Physiography,  Pleistocene.  Oretaoeons,  and 
Permian  formations.  Economic  geology. 

LESLET,  J.  P.    Pennsylvania. 

.   Macfarlane's    GeoL    Railway  Guide,   2d 
edition,  pp.  151-175. 
Geologic  notes  for  rail  tray  stations. 
LEVERETT,   Frank.    Changes  of    cli- 
mate indicated    hy    iiiterglacial   beds 
and  attendant  oxidation  aud  leachinfj^. 
Boston  Soc.  Nat.  Hist.,  Proc.,  vol.  24,  pp. 
455-499.  ^ 
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LBVERUTT,  Frank— Con  tin  ne<1. 

AbatracU.  Axa.  aeologlst,  roL  6,  p.  123,  7 
lines.  Am.  NatnraUst,  rol.25,  p.279,  l-«p.  189L 

DiacoMion  of  tho  bearing  of  Tarioos  lines  of 
evidenee.  eepecfnllj  that  famiabed  by  recent 
•indies  in  Ohio,  Indiana  and  UUnois. 

^—  Glacial  stadiea  bearing  on  the  an- 
tiquity of  man.    [Abstract.] 

Boston  Soc.  Nat.  Hist.,  Froo.,  vol.  S7,pp. 
S86-588. 

Discnssion  of  bearing  of  evidence  afforded 
hy  moraines  and  post-morainal  deposits. 

Glacial  phenomena  of  northeaatem 

JlHnoia  and  northern  Indiana.     [Ab- 
stract.] 

Am.  Assoc.  AdT.  Sci.,  Proc.,  to).  38,  p.  248, 

Morainal  stmctnre  and  history. 
[IiB^WISp  H.  C]    [Note  for  vicinity  of 
Blackville,  Pennsylvania.] 

Macfarlans's  Oeol.    Railway    Guide,   2d 
edition,  p.  172,  5  lines. 
UNDOREN,  W.    Petrograpbical  notes 
from  Bi^a  California,  Mexico. 

Oallfonxia  Acad.  Scl.,  Proc.,  vol.  2,  pp. 
1-17. 

I>esoriptions  of  granites,  diorites,  qnarts- 
porpbyrites,  basalt,  slates,  and  diabases,  with 
incidental  references  to  their  ocourienoe,  rela- 
tions, and  age. 
[UNDSBT,  James  G.  ]     [Notes  for  cen- 
tral New  York.] 

Maofarlane's  Oeol.  Railway  Gnide,  2d 
edition,  pp.  134-135. 

Stations  on  West  Shore  railway,  Esopns  to 
Albany. 
Liverpool     Geological      Aaaociation 
Jonmal,  vol.  9. 
Evolution  of  Grand  Canon  of  the  Col- 
orado, Hewitt. 
Iiiverpool  Literary  and  Philoaophical 
Society,  Proceedinga,  vol.  41. 
Lake  Lahontan,  McLiktock. 


[LOITOHRIDGB,  K.  H.]  Arkansas  [in 
part],  Indian  Territory  and  Texas. 

Macfarlans's   Geol.    Railway    Gnide,   2d 
edition,  pp.  407-413. 
Geologioal  notes  for  railway  stations. 

lK>iiiaiana,  Analysis  of  marble,  Hille- 

BRAND. 

Appomattox  formation,  McGrr. 
Macfarlane's   Railway  Gnide,    HiL- 

GARD. 

Saliferous   deposits   as   evidence  of 

cllmatal  conditions,  Sralrr. 
Warren's  Geography,  Brewer. 

LOW,  A.  P.  Report  on  explorations  in 
James  Bay  and  conn  try  east  of  Hudson 
Bay  drained  by  Big,  Great  Whale,  and 
Clearwater  Rivers. 

Canada,  Geol.  Surrey,  Reports,  vol.  3,  new 
senes,  part  2,  rnport  J,  pp.  1-S2,  1888. 

Abstract,  Ibid.,  part  1,  report  A,  pp.  19-21 

Am.  Geologist,  vol.  5,  pp.  242-243,  |  p. 

Itinerary  accounts  of  geology  and  list  of 
glacial  striae. 

[Report  on  explorations  of  the  east- 
ern coasts,  islands,  and  rivers  of  Hud- 
son Bay.]  * 

Canada,  Geol.  Sanrey,  Reports,  vol.  3.  new 
series,  part  1,  report  A,  pp.  80-82.  1888. 

Incliidea  a  brief  reference  to  the  natnro  of 
the  rocks  of  the  region  and  to  the  occurrence 
of  bowlders. 

The  Mistassini  region. 

Ottawa  Naturalist,  vol.  4,  pp.  11-28. 

With  several  brief  refereooes  to  geologic 

features. 

L7MAN,  Benjamin   Smith.    Report  on 
the  New  Boston  and  Morea  coal  lands 
in  Schnylkill  County,  Pennsylvania. 
Pennsylrania,   Geol.  Surrey,   Report    for 
1887,  pp.  37-91,  map  in  pocket. 
Stratigraphy  and  structure. 


M. 


MoCONNELL,  R.  G.  Glacial  features 
of  parts  of  the  Yukon  and  Mackenzie 
rivers. 

Geol.  Soc.  Am.,  Bull.,  vol.  1,  pp.  540-&44. 
Abstracts,  Am.  Geologist,  voL   5,  p.  110, 
i  p.    Am.  Naturalist,  vol.  24,  p.  208,  i  p. 

Topographic  features,  alluvial  and  glacial 
deposits,  direction  of  ice  flow,  terraces,  gla- 
cial history,  and  incidental  reference  to  Arch* 
ean,  Devonian,  and  Cretaceous  formations. 

[Letter   on    explorations    on    the 

lower  part  of  Liard  Rfver.] 

Oaaada,  Geol.  Survey,  Reports,  vol.  8, 
new  series,  part  1,  report  A,  pp.  12-18.    1888. 


MoCONNELL,  R.  G.— Continned. 

Includes  a  brief  reference  to  occurrence  of 
Devonian,  Triassic  and  Cretaceous  rocks. 

MoCREERT,  J.  M.    Notes  on  some  of 
the  causes  of  extinction  of  species. 

Am.  Geologist,  vol.  R,  pp.  100-104. 
Iteviews  the  stratierftphic  distribution  of 
several  Silurian  species  in  Ohio. 

[McCUTCHBN,  A.  R.]    Georgia. 

Macfarlane's  Geol.    Railway  Guide,    2d 
edition,  pp.  874-377. 
Revision  and  new  notes  for  railway  sta- 
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MACFARLANB.  James.  An  American 
geological  railway  guide,  giving  tbe 
geological  formation  at  every  railway 
station,  with  altitudes  above  mean 
tide  water,  notes  on  interesting  places 
on  the  routes  and  a  description  of  each 
formation.  Second  edition,  revised 
and  enlarged.  Edited  by  James  R. 
Macfarlane,  426  pages,  New  York. 

The  revisionaMid  enUrgemento  oontributed 
by  Bailey,  G.  E..  Broadhead.  Campbell,  J.  L. 
and  H.D.,  Chamberlin,  Chance,  Chester,  Col- 
lett,  Condon,  Cooper,  Crosby,  Dau«,  J.  D., 
Darton.  Davis,  Daweon.  G.  M.,  Dntton, 
Bwlght,  Emmona,  Fontaine,  Ford,  Frazer, 
Gilbert,  Hague,  Hall.  C.  W.,  Hammond, 
HaatiDga,  HUgard,  Hitchcock,  Hunt,  T.  S.. 
Johjuon,  L.  C,  Lealey,  Lewis,  H.  C,  Lind- 
■ey,  Loaghrldge,  McCatchen,  MoGee,  Orton, 
Owen,  Panona,  Proctor,  Pnmpelly,  Patnam, 
Rogers,  St  John,  Safford.  Scott,  Smith  and 
Gesner,  Smock,  Todd,  Tnmer,  Uhler,  Upham, 
White,!.  C,  WlUiams,  G.  H.,  Williams,  H.  8., 
Willis,  WincheU,  A.,  Winchell,  N.  H., 
Worthen,  and  "iv^rigbt. 
MoQBB,  W  J.  The  southern  extension 
of  the  Appomattox  formation. 

Am.  Jonr.  Sol.,  8d  series,  vol. 40,  pp.  15-41. 
Abstract,  Oeol.  Soo.  Am.,  Boll.,  vol.  l,pp. 
646-M7, 548-649  (by  author),  withdincassiou  by 
C.  H.  Hitchcock,  C.  D.  Walcott,  W.  M.  Davis, 
and  J.  Hall,  pp.  54ft,  540  i  p.  Other  abstracts. 
Am.  aoologist,  Tol.  5,  p.  120,  i  p;  Am.  Natnr- 
aUst  vo].24,p.209,ip. 

Bistiibatiou,  characteristics,  relations,  and 
history  from  North  Carolina  to  Mississippi, 
with  brief  references  to  associated  Columbia 
and  Tertiary  formations.  Taxonomy.  Expo> 
slUon  of  methods  of  classification  and  correla- 
tion by  "homogeny,"  illustrated  by  the  forfna- 
tions  of  the  coastal  plain  of  the  Atlantic  slope. 

Report— Potomac  division  of  geology. 

U.  S.  Geol.  Survey,  Ninth  Report,  J.  W. 
Powell,  pD.  102-110. 

Includes  brief  statements  regarding  the 
Pleistocene  history  of  northeastern  Iowa. 

Introduction. 

V.  S.  Geol.  Surrey,  Boll.  No.  67,  A  geolog- 
ical reconnaissance  in  sonthwestem  Kansas, 
by  Robert  Hay,  pp.  11-14. 

Review  of  the  problems  presented  in  the 
Great  Plains  region. 

Topographic  types  of  northeastern 

Iowa.    [Abstract.] 

Am.  Assoc.  Adv.  Sd. ,  Proc. ,  vol  38,  pp.  248- 
249. 

The  abstract  consists  of  brief  descriptions 
of  the  various  types  and  of  the  history  re- 
corded in  tbe  topography  and  associated 
denosits.  Incidentally  there  is  postulated  a 
new  law  of  water  carving. 


McGEE,  W  J.— Continued.  / 
£ncroachmeut«  of  the  sea. 

The  Fornm,  voL  10,  pp.  437-449. 
Review  of  evidences  of  coastal  snbstdenoe 
of  eastern  North  America. 

[Remarks  on  pressure  of  rock  gas, 

especially  in  Indiana.] 

aeol.  Soo.  Am.,  Bull.,  vol.  1, pp. 96-«7, )  p. 
In  discussion  of  memoir  by  Eitward  Orton 
on  "origin  of  rock  pressure  of  natural  gas." 

[Remarks  on  the  extent  of  an  early 

Pleistocene  submergence  of  the  Atlantic 
coast.] 

a«ol.  Soi.  Am.,  Bull.,  ToL  1, p. 409,  |  p. 

Reference  to  amount  of  submergenoe  In 
South  Carolina,  and  to  ihe  Columbian  deposits 
to  which  it  gave  rise  in  the  sontheMtem 
United  Stetes. 

[Remarks  on  the  formations  com- 
prised nnder  the  term  *'  orange  sand/' 
and  on  the  relations  of  certain  loams 
and  gravels  in  the  vicinity  of  Yicks- 
burg  and  Grand  Gulf.] 

Gkol.  Soo.  Am.,  Bull.,  vol.  1, pp. 474-47S. 

In  discussion  of  paper  by  T.  C.  Chamberlin 
on  "  Some  additional  evidence  bearing  on  the 
interval  between  the  glacial  epochs." 

[Remarks  on  the  relations  of  the 

Pleistocene  deposits  at  Bel  videre  on  the 
Delaware.] 

Oeol.  Soo.  Am.,  BuIL,  vol.  1,  p.  480, i  p. 
Brief  reference  to  relations  of  Columbia  ter- 
races and  the  terminal  moraine. 

[Remarks  on  certain  pecnliaritiee  of 

drainage  in  the  southeastern  United 
States.] 

aeol.  Soc.  Am.,  Bull. ,  vol.  1, pp. 548-549. 

Calls  attention  to  drainage  S2rstems  havinjr 
the  same  location  in  sncoessive  geologic  times 
firom  late  Eocene  to  the  present  and  suggests, 
a  designation  for  this  class  of  drainage 

Geology  for  1887  and  1888. 

Smithsonian  Instn.,  Report,  1888,  (part  1), 

pp.  217-200. 

An  account  of  the  principal  contributions  to 
North  American  geology ^  ^ith  a  nrefaton 
account  of  the  institutions  promoting  geology. 

Iowa. 

AlKacterlane*s  Geol.  Railway  Guide,  2d  edi- 
tion, pp.  233-245. 

Brief  sketch  of  the  geology  of  Iowa  and 
geological  notes  for  railway  stations. 
McINNBS^  William,  BAILET,  L.W.. 
and.  Report  on  exploration  and  surveys 
in  portions  of  northern  New  Brunswick 
and  adjacents  areas  in  Quebec  and 
Maine,  U.  S. 
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^INNES,  William,  BAILB7.  L.  W., 

und^CoDtiDoed. 

Oauada,  Ctool.  Sarrvy,  Baports,  toL  8,  new 
series,  part  2,  report  M,  p.  52.    1888. 

Abstracts,  Ibid,  part  1.  report  A,  pp.  85-87; 
Am.  Geologist,  ToL  5^  pp.  246-247,  f  p. ;  Am. 
Jonr.  Sci.,  8d  series,  vol.  89,  p.  239, 4  lines. 

The  Silorisn  farmation:  its  dlstribntion, 
stmoture,  stratigraphy.  pAleontolocy,  the  age, 
correlaUon,  and  extent  of  Its  yarioos  members, 
and  eTidence  of  internal  anoonfonnity. 

[Aoconot.  of  expioratioDs   ia 

lortbern  New  Bninswiok.] 

Canada,  OeoL  Surrey,  Reports ,  vol.  3,  new 
series,  part  1,  report  A,  pp.  91-93, 1888. 
Notes  relating  to  the  SUurian  formation. 

iKBLTiAR,  Peter.  On  potholee  north 
f  Laiie  Superior  unconnected  with 
xisting  streams. 

am>L  Soo.  Am.,  Bull. ,  voL  1,  pp.  66a-570. 

Abstract,  Am.  Natnrallst,  vol.  24,  pp.  29t'- 
293,ip. 

Description  of  the  holes,  and  allusions  to 
the  schists  In  which  they  lie,  topographio 
oharacteristios  of  region,  date  of  onrrents  by 
which  they  wereprodaoed,  and  existence  of 
terraces  in  their  vicinity. 

IiINTOCK,  R.  Lake  Lahontan,  an 
ctinct  Qnaternary  lake  of  northwest 
evada,  U.  8.  A. 

Liverpool  Lit.  and  Phil.  Soo.,  Froo.,  vol,  41, 
pp.  339-342. 

Abstract  of  I.  C.  Rossell's  U.S.  Geol.  Survey, 
Ifonograph,  vol.  11. 
Ine.    Arohean  axes  of  eastern  North 

America,  Dana. 
Clasnifi  cation  of  glacial  sediments  of 

Maine,  Btonb. 
Building  stones,  Mxrrill,  G.  P. 
Eastern  Maine  and  New  Branswiok, 

Bailbt. 
Macfarlane's  Railway  GaidCi  Hitch- 
cock. 
Northern  New  Brunswick,    Bailbt 

and  MclNNBS. 
InTeatigatlons   in   New  Brunswick, 

Baiusy. 
Mount  Desert  Island,  Shauer. 
Report  on  coast  line  geology,  U.  8. 

Geol.  Survey,  Shalbr. 
Silarian  graptolites,  Dodgb. 
Trap     dikes    near    Eennebunkport, 

Kbmp. 
Warren's  Greography,  Brbwbr. 
lohester  Oeological  Society, 
ansaotioiifl»  vol.  20,  parts  9-17. 
Richmond  coal  field,  Clifford. 
Salt  deposits  of  America,  Ward,  T. 


MARCOU,  Jules.  Beply  to  the  questions 
of  Mr.  8elwyn  on  "  Canadian  geolog- 
ical classification  for  Quebec." 

Boston  Soo.  Nat.  Hist,  Froo.,  voL  24,  pp. 
357-464. 

Id  regard  to  the  nature  of  the  rooks  at  the 
falls  of  the  Montmorenoi,  the  age  of  tho  sand- 
stones of  the  strait  of  Belle  Isle,  and  the  rela- 
tions in  the  Qnebeo  region. 

The  Triassic  flora  of  Blchmond,  Vir- 
ginia. • 

Am.  Otologist,  voL  5,  pp.  160-174. 

Historical  deiMriptious  and  review  of  litera- 
tai«  from  1834  to  18S9.  and  discussion  of  pale- 
ontologio  evidence  as  to  age  of  the  Jnra 
Trias  of  the  United  SUtes. 

•— —  The  American  Neocomian  and  the 
Gryphea  Pitoheri. 

Am.  Geologist,  voL  5,  pp.  815^17. 
Review  of  R.  T.  Hill's  "A  pi  eliminary  anno- 
tated check  list  of  the  Cretaceous  inverte- 
brate  fossils  of  Texas,"  Texas  Geol.  Survey, 
Bull.  No.  4. 

In  regard  to  discovery  and  nomenclature  of 
the  lower  Cretaceous. 

The  lower  and  middle  Taconic  of 

Europe  and  North  America. 

Am.  Geologist,  vol.  6,  pp.  357-376 ;  voL  6,  pp. 
78-102, 221-233. 

A  general  review  of  certain  questions  relat- 
ing to  stratigraphy,  distribution,  general  rela- 
tions, taxonomy,  and  nomenclature  of  the 
lower  Silurian  and  Cambrian  formations. 

Use  of  the  terms  Laurentian  and 

Champlaiu  in  geology. 

Am.  Geologist,  voL6,  pp.  63-65. 
History  of  the  terms  and  discussion  of  their 
status. 

MARSH,  O.  C.  The  skull  of  the  gigantic 
Ceratopsids. 

GeoL  Magazine,  decade  m,  voL  7,  pp.  1-6, 
pi.  L 

Includes  brief  prefatory  remarks  'on  the 
geology  of  the  "  Ceratops  "  beds. 

Division  of  vertebrate  paleontology. 

U.  S.  Geol.  Survey,  Ninth  Report,  J.  W. 
Powell,  pp.  il4-U5.   1888.  « 

Includes  brief  reference  to  subdivisions  in 
the  great  Miocene  basin  of  Dakota  and  evi- 
dence of  vertebrate  remains  on  the  age  of  the 
Potomac  formation. 

MARSTBRS,  V.  F.  Triassic  traps  of 
Nova  Scotia,  with  notes  on  other  '*  in- 
trueives''  of  Pictou  and  Antigonish 
counties,  Nova  Scotia. 

Am.  Geologist,  voL  6,  pp.  140-146. 
Geologic  relations,  petrography,  and  evi- 
dences of  extrusive  nature  of  the  more  promi- 
nent trap  masses  in  the  Triassic  and  Carbon* 

iferons  areasL  r^^-»,^-w/-tl^ 
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Maryland.  Analyses  of  rooks  from 
Baltimore  Connty,  Chatard.  Whit- 
field, J.  £. 

Analysis  of  Triassio  sandstone, 
Clabkb,  p.  W. 

Analyses  of  dolomite  from  Cockeys- 
ville,  Whitfield,  J.  E. 

Bailding  stones,  Merrill,  G.  P. 

Expedition  in  soathern  Maryland  and 
Virginia,  Clar^,  W.  B. 

Fossil  wood  of  Potomac  formation, 
Knowlton. 

Gabbros  of  Delaware,  CiiEflTSR. 

Macfarlane's  Railway  Gaide,  Fon- 
taine. Uhler.  Williams,  G.  H. 
Chester. 

Non-feldspathio  intrasives,  Wil- 
liams, G.  H. 

Potomac  flora,  Fontaine. 

Report— Division  of  Paleobotany,  U. 
S.  Geol.  Survey,  Ward,  L.  F. 

Report— Division  of  vertebrate  Pale- 
ontology, U.  8.  Geol.  Survey, 
Marsh. 

Warren's  Geography,  Brewer. 

Wright's  **  Ice  age  inNorth  America," 
Hitchcock. 

Maasachnaetts.    Analyses  of  sands  and 
clay,  Martha's  Vineyard,  Clarke,  F. 
W.    RiGOS. 
Arohean  axes  of  eastern  North  Amer- 

ica,  Dana. 
Bemardston,  series  of  upper  Devon-  | 

ian,  Emerson.  Dana. 
Building  stone,  Merrill,  G.  P. 
Cretaceous    plants,   Martha's   Vine- 
yard, White,  D.  Newberry. 
Cretaceous   fossils,    Martha's   Vine- 

•yard,  Shalbr. 
Evidence  of  till  on  glacial  climate, 

Crosby. 
Essex  County,  Sears. 
Excursion  in  northern  Appalachians,  j 
Williams,  G.  H. 
^   Gay  Head,  Clark,  W.  B.    Mtruuuj 
F.  J.  H.    Ward,  L.  F. 
Granitoid  areas  in  lower  Lanrenttan, 

Hitchcock. 
Granites  in  Massachusetts,  Emerson. 
Kaolin  in  Blanford,  Crosby, 
History  of  Boston  Basin,  Crosby. 
Macfarlane's  Railway  Guide, Crosby. 

Upham. 
Ottrelite  andilmenite  schists,  Wolff. 


Maasaohnaetta— Continued . 

Metamorphic  phenomena,  £mbr605. 
Report — Division   of  Arcbean  geol- 
ogy, U.   8.   Geol.  Survey,   Pump- 

ELLY. 

Report— Atlantic  coast  division,  U. 
S.  Geol.  Survey  [shore  Hoes, 
Cretaceous,  metamorphic  rooks], 
Shaler. 

Report — Division  of  coast  line  geol- 
ogJi  U.  S.  GeoL  Survey,  Shaler. 

Report— Division  Paleozoic  inverte- 
brates, U.  S.  Geol.  Survey,  Wal- 

COTT. 

Sanborn  bowlder,  Scovillb. 
Taconic  mountains,  Am.  Geologist. 
Tertiary  and    Cretaceous    deposits, 

Shaler. 
Vein  filling  in  till,  Emerson. 
Warren's  Geography,  Brewer. 
MARTIN,  Daniel  S.  The  origin  of  diag- 
onal trends  in  the.  earth's  crust,  with 
application  to  the  production  of  normal  . 
and  reversed  faulte  and  the  folding  of 
strata.    [Abstract.] 

New  York  Acad.  Sci.,  Trans.,  voL  9,  pp. 
15-21. 
A  general  diacQMion. 

A  note  on  the  colored  clays  recently 

exposed  in  railroad  cuttings  near  Mor- 
risania,  New  York. 

New  Tork  Acad.  Soi.,  Trans.,  voL  •,  p.  48, 
*P. 

Deoription  of  an  exposure  exhibiting  highly 
colored  days. 

[Clay  outlier  near  Monmouth  Junc- 
tion, New  Jersey.  1 

New  York  Aoad.  Soi.,  Trans.,  toL  9,  p.83, 
ip. 

Beference  to  a  small  area  of  supposed  Cre- 
taceons  age.  Discussed  by  K.  L.  Britton,  p. 
88.  21iDes. 

MATTHBW,  G.  F.     On  Cambrian  or- 
ganisms in  Acadia. 

Canada,  Roy.  Soo.^  Trans.,  vol.7,  section 
rr,  pp.  18i-102,  pis.  v-ix. 

Abstract,  Canadian  Record  of  Scienos,  vol. 
a,pp.S83-3d7.    1880. 

With  prefatory  remarks  on  the  stratigraphy 
and  eqaivalenoy  of  the  basal  series,  (pp.  13^ 
148). 

Eozoon  and  other  low  organisms  in 

Laurentian  rocks  at  St.  John. 

ITew  Bmnswick,  Nat.  Hist.  Soc.,  Bull., 
Tol.0,  pp.  36-41. 

Inolndes  references  to  their  modes  of  ooonr- 
renceand  therelatioasof  thA^oataiaiju;rocks. 
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lATTHBW,  G.  F.— Continued. 

—  On  the  ooonrrence  of  sponges  in 
LaarentiaD  rocks  at  St.  John,  N.  B. 

K0W  Brnnswiok,  Nat.  Hist.  Soc,  Boll., 
vol. »,  pp.  42-45. 

iDclades  brief  laiipleiiMiitai  portion  on  tbe 
strfttifrrapfa.y  and  eqalTalenoy  of  the  rooks  and 
their  aaaociateo. 

—  How  is  the  Cambrian  divided  T  A 
plea  for  the  classification  of  Halter  and 

Hicke. 

Canadian  Record  of  Soienoe,  toI.  3,  pp.  475- 
485.    1889. 

From  tbe  Am.  Geologist,  1889,  and  described 
in  the  Bibltoin^pby  for  1887  to  1888. 

XIRRILL,  Frederick  J.  H.  On  the 
metamorphic  strata  of  sontheastem 
New  York. 

Am.  Jonr.  Sol.,  3d  series,  vol.  89,  pp.  383- 
392. 

Classification  and  eharact eristics  of  the 
several  belts  and  discussion  of  relations,  ex- 
tent, age,  and  equiralenoy. 

—  A  note  on  the  colored  clays  recently 
exposed  in  railroad  cuttings  near  Mor- 
risania,  New  York. 

New  Yox^  Aoad.  8ci.,  Trans.,  vol.  9,  pp. 46, 
«.fp. 

Description  of  their  relations  and  allnslons 
to  the  Idstory  of  the  associated  saperficial 
deposits. 

—  Some  ancient  shore-lines  and  their 
listory. 

New  York  Acad.  Sci.,  Trans.,  voL9,pp. 
78-88. 

Beview  of  tbe.  evidence  and  history  of  Trias- 
sio  to  post-Qaaternary  orographic  movements 
in  tbe  middle  Atlantic  oeast  region.  Dis- 
cnssed  by  D.  &  Martin  and  K.  L.  Britton,  p. 
83,|p. 

—  Barrier  beaches  of  the  Atlantic 
oast. 

Popular  Science  Monthly,  voL  37,  pp.  736- 
745. 

Inclades  a  dlscnssion  of  tbe  origin  and 
history  of  tbe  New  Jersey  beaches  and  brief 
reforence  to  some  of  those  of  Florida. 

—  [Remarks  regarding  tbeinterglaoial 
eposits  of  the  Delaware.] 

Oeol.  Soc.  Am.,  Boll.,  vol.  t,  p.  477,  |  p. 
Brief  allusions  to  their  relations,  distribu- 
tion, and  equivalence,  especially  at  Belvidere. 

—  [Remarks  on  the  stratigraphy  and 
/ractare  of  Gay  Head.] 

Oeol.  Soo.  Am.,  Bnll.,  voL  1, p.  556,  f  p. 
Am.  Nararalist,  voL  24,  pp.  563, 564. 
Briefly  discusses  age,  history,  and  relations 
9f  the  aeTeral  formations. 


MERRHiL,  George  P.  The  collection  of 
building  and  ornamental  stones  in  the 
U.  S.  National  Mnseom.  A  handbook 
and  catalogue. 

Smithsonian  Inst.,  Report  for  1886,  part  2, 
pp.  277-648,  pis.  1-9.  1889. 
Includes  brief  deocriptions  of  principal 
.  quarries  and  stones  of  the  United  States  and 
reference  to  notable  foreign  localites,  ai>d  a 
short  chapter  on  physical  and  chemical  prop- 
erties of  rocks,  iliustiitted  by  a  plate  of  thin 
sections  of  tbe  fbllowlng :  Oranite,  Hallowell. 
Maine ;  oolitic  limeslones,  Caldw^l  County, 
Kentucky;  marble,  BuUand,  Vermont ;  dia- 
base, Weehawken,  New  Jersey;  sandstones, 
Portland,  Connecticut,  and  Potsdam,  New 
York. 

Petrography  for  1887  and  1888. 

Smithsonian  Inst.,  Report,  1888,  (part  1), 
pp.  827-354. 

Bibliography  of  Uthological  pubUoations  and 
account  of  contributions  on  physical  and 
chemical  conditions  of  crystallization,  contact 
metamorphism,  dynamio  metamorphism,  and 
some  other  general  subjects. 

— ;-  [Preliminary  notes  on  ernptiye  rocks 
collected  about  Fort  Ellis  and  in  Gal- 
latin Valley,  Montana.] 

n.  S.  Geol.  Survey,  Eighth  Report,  J.  W. 
PoweU,pp.l47,14a    1889. 

Given  by  A.  C.  Peale,  Report,  Montana 
Division  of  geology. 

Notes  on  the  serpentinons  rocks  of 

Essex  County,  New  York,  from  aqueduct 
shaft  26,  New  York  City,  and  from  near 
Easton,  Pennsylvania. 

U.  S.  Nat.  Museum,  Proo.,  vol.  12,  pp.695-. 
600. 
Mineralogic. 

Mexico.    Corals  and    reefs  of  western 

Gulf  of  Mexico,  Heilprin. 
Division  of   Mesozoic    invertebrate 

paleontology,  U.  S.  Geol.  Survey, 

White,  C.  A. 
Geological  map,  Castillo. 
Macfarlane's  Railway  Guide,  Chance. 

MACFARLA.NK.      FRAZER. 

Mulatos  gold  mines,  Sonora,  Janix. 
Petrographical  notes  from  Buja  Cal- 
ifornia, LlXDQREN. 

BflBTER,  Abraham.    Notes  on  the  pres- 
ence of  Umbral  or  Mountain  liuiestoue 
in  Lycoming  County,  Pennsylvania. 
Philadelphia,  Acad.  Nat.   Sciences,  Proc., 
1889,  pp.  310, 811. 

Description  of  outcrops  on  Hogelan  Run  and 
Loyalsook  Creek. 
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BIBZOBR,  A.  The  ore  deposits  and 
mines  of  Minus  Gerftes,  Brazil. 

BngliMMiBf  and  Miniaf  Joor.,  toL  50,  pp. 
288^272,271.    4^. 

With  inoidentel  ref  erenoes  to  nature  of  th« 
ooutaiuing  fnrmationB. 

Bftiohigan.  Analysis  of  novaonlite  from 
Marqaette,  Hillrbrand. 

Analysis  of  porphyry  from  Pigeoh 
Point,  Eakins. 

Analyses  of  rocks  collected  by  Irving, 

^ILLKBRAND. 

Analyses   of    rooks   from    Penokee- 

Gogebio  range,  Chatard. 
Building  stones,  Merrill,  G.  P. 
Copper  mining   district^   Eng.   and 

Mining  Journal. 
Distribution  of  bowlders,  Winchrll, 

A. 
History  of  Niagara  River,  Gilbrrt. 
Macfarlane's  Railway  Gnide,  Winch- 

KLL,  A. 
Report — Lake  Snperior  division,  U. 

8.  Geol.  Survey,  Irving. 
Greenstone    schists,   Marquette  and 
Menominee  region,  WilliaMB,  G. 
H.    Irving. 
Warren's  Geography,  Brewbr. 
Origin  of  basins  of  the  Great  Lakes, 
Spencer. 
BOLLBR,  S.  A.  North  American  geology 
and  paleontology  for  the  use  of  ama- 
teurs, students,  and  scientists,  pp.  664, 
Cincinnati. 

Beviewed  by  J.  D.  Dana,  Am.  Joor.  Sol.,  8d 
aeries,  vol.  39,  p.  67,  f  p. 

Inoladee  a  prefatory  goDeral   aocoant  of 
North  American  geology. 

MILLS,  J.  E.  [Remarks  on  the  history 
of  Lake  Winnepeg-Mississippi  drain- 
age-] 

Geol.  8oc.  Am.,  Bull.,  toI.  1,  p. 407,  i  p. 
In  diaeuMion  of  paper  by  J.  R  Tyrrell  on 
"Poet-Tertiary  deposito  •(  Manitoba." 

Mlnneaota.  Analysis  of  brick  clay.  New 

Ulm,  Chatard. 
Analyses  of  rocks  from  Menominee 

River,  Rigqs. 
Analyses  of  rocks  from  Pigeon  Point, 

RlOOS.  HiLLEBRAND.    WHITFIELD, 

J.  E. 

Building  stones,  Merrill,  G.  P. 

Deserted  gorge  near  Minnehaha  Falls, 
Grant. 

Geological  Survey,  report  for  1838  re- 
viewed, Dana. 


Minnesota—Con  tin  ued . 

Lineage  of  Lake  Agsssiz,  TODD. 
Loess  and  its  fossils,  Shimek. 
Macfarlane*B  Railway  Guide,  Haxl, 
C.  W.    Upham.    Winchell,  N.  H. 
Origin  of  rocks,  Pigeon  Point,  Bav- 

LEY. 

Origin  of  Keewatin  ores,  Winchkli^ 
N.  H.  and  H.  V. 

Position  of  Ogishke  conglomerate^ 
WiNCBELL,  A. 

Relation  of  rocks  on  Pigeon  Point, 
Bayley. 

Report  on  Rainy  Lake  region,  Law- 
son. 

Results  of  Archean  studies,  Winch- 
ell, A. 

Taconic  iron  ores  of  Minnesota  and 
New  England,  Winchell,  N.  H. 
and  H.  V. 

Warren's  Geography,  Brewer.  . 

MINOR,  Francis.    Evidences  of  glacial 
action  in  Virginia. 

Popular  Bclenoe  Monthly,  toL  37,  p.  651,  | 
ool. 

CaUa  attention  to  oeonrrenoe  of  certain 
bowlders  in  Orange  Connty,  Virginia. 

BClssissippL  Appomattox  formation,  Mo- 
Gbe. 
Macfarlane's   Railway   Guide,    Hil- 

QARD. 

Report—Lower  Mississippi  division, 

U.  8.  Geol.  Survey,  Johnson,  L.  C. 
Orange  sand  formations,  McGee. 
Sandstone  dikes,  D{LLBR. 
Peculiari^es  in  drainage,  McGbe. 
Warren's  Geography,  Brewer. 
Bftisaouxl    Bihliography  of  geology, 

Sampson. 
Brecciated    character   of  St.  Louis 

limestone,  Gordon. 
Building  stones,  clays,  and   sands, 

Ladd.    Merrill,  G.  P. 
Coal  beds   of  La  Fayette   County, 

WiNSLOW. 

Crinoids  from  Burlington  limestone, 

Rowley. 
Crystalline  rocks  of  Missouri,  Ha- 

WORTH. 

Glacial  boundary,  Wright. 

Iron  ores  of  the  United  States,  Hunt, 
T.  S. 

Lineage  of  Lake  Agassiz,  Todd. 

Macfarlane's  Railway  Guide,  Broad- 
head. 
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iaaouri — Con  tinned. 
Tallow  olays,  Sbamow. 
Warren's  Qeograph;,  Brbwbr. 
Zinciferous  clays,  Sb4MON. 
Issouri  Gkeologloal  Snnrey,  BuUetln 
No.  1. 
Coal  of  La|Fayette  Connty,  Winslow. 
Building  stones,  Ladd. 

No.  2. 

Bibliography  of  zoology  of  Missouri, 
Sampson. 

No.  3. 

Clay,  stone,   lime,  and  sand  of  St. 
Lonis  region,  Ladd. 
sntana.    Analyses  of  roclcs,  Chatard 
and    Eakins.     Chatard.      Cat- 
LETT.    Eakins. 


Montana— Conti  nned . 

Crasy  Mountains,  Wolff. 

Macfariane's  Railway  Guide,  Daw- 
son, G.  M.  PuMPKLLY.  Putnam. 
Upham. 

Notes  on  rocks  from  Fort  Ellis  and 
Gallatin  Valley,  Merrill,  G.  P. 

Remains  in  Laramie,  Cannon. 

Laramie  group.  Ward,  L. 

Report — Montana  division,  U.  S.  Geol. 
Survey,  Peale. 

Warren's  Geography,  Brewer. 

MURCHI80N,  R.  L.    On  the  Silurian 
system  of  rooks. 

Am.  Geologist,  vol.  6,  pp.  80-88. 
From  Loodon  and  Edinburgh  Phil.  Hsg.,  8d 
■erlM,  Jaly.  1835. 


N. 


ISON,  Frank  L.  On  the  intrusive 
»rigin  of  the  Watuhung  traps  of  New 
fersey .     [  Abstract.  ] 

aeol.  Soc.  Am..  Boll.,  vol.  1,  pp.  582, 583, }  p. 

Abstract,  Am.  Natnralist,  vol  24,  p.  212,  i  p. 

Discnaaes  bearing  of  occarrence  of  trap  oon- 
glomeratea  along  weatern  border  of  the  New< 
ark  formation. 

-  Scapolite  rock. 

Am.  Jonr.  Sol.,  3d  series,  vol.  89,  p.  407,  8 
lines. 

Notice  of  an  occurrence  in  northern  New 
Jersey. 

-  Geological  studies  of  the  Archean 
•ocks. 

New  Jersey,  O^eol.  Survey,  report  for  1889, 
pp.  12-05.  1889. 

Historical  review  of  surveys  in  the  Archean 
highlands.  Faulted  structure.  Type  rocks 
and  their  distribution.  Building  stones. 
Molybdinite,  Kireon,  and  graphite. 

— ]  Geological  studies  of  the  Triassio 
»r  red  sandstone  rooks.  • 

New  Jersey  Geol.  Survey,  Report,  1889,  pp. 
66-72.  1889. 

Discussion  of  origin  of  trap  pebbles  In  the 
conglomerates  and  general  statements  in  re- 
gard to  the  structure  of  the  formation  and 
the  history  of  its  eruptive  rocks. 

-  T]  Artesian  wells. 

New  Jersey  Geol.  Survey,  Report  for  1889, 
pp.  82-89. 

Records  of  recent  well-borings  in  various 
parts  of  the  State. 

-  and  FERRIER,  Walter  F.  A  no- 
tice of  some  zircon  rocks  in  the  Arch- 
)an  highlands  of  Now  Jersey.  [Ab- 
stract.] 


NASON,   Frank  L.,    and   FERRIER, 

Walter  L. — Coutiinied. 

Am.  Amoo.  AdT.  Sci.,  Proc.,  vol  88,  pp. 
244-245. 

Includes  remarks  on  mineralogio  constitu- 
ents of  the  rock  and  evidenoe  of  its  intrusive 
nature. 

National  Oeographio  Magaalne,  vol  2. 
Biyers  of  northern  New  Jersey,  Da- 
vis, W.  M. 
Nebraska,   Lineage   of  Lake  Agassis, 
Todd. 
Loess  and  its  fossils,  Shimkk. 
Macfariane's  Kailway  Guide,  Todd. 
Warren's  Geography,  Brbwek. 
NEFF,  Peter.    The  Sylvania   sand    in 
Cuyahoga  County,  Ohio. 

Geol.  Soc.  Am.,  Bull.,  vol.  1,  pp.  82-84. 

Abstract,  Am.  Naturalist,  vol.  24,  p.  110,  4 
lines. 

Beviows  evidence  of  well  records  as  to 
its  distribution,  characteristics  and  strati 
graphic  relations. 

Nevada,     Analysis      of     adobe    soil, 
Eakins. 
Macfariane's  Railway  Guide,  Hague. 
Natural  soda,  Chatard. 
Warren's  Geography,  Brswbr. 

NEVT-BERRT,  John  Strong.  The  Pal- 
eozoic fishes  of  North  America,  U.  S. 
Geol.  Survey,  Monograph,  vol.  16,  340 
pages,  53  pis. 

Includes  a  brief  reference  to  Devonian  and 
Carboniferous  stratigraphy  in  general,  mainly 
in  connection  with  tiie  occurrence  of  fish  re- 
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NB"WBBRRT,  John  Strong— Cont'd. 

Tho  Larumie  group.     It«  geologic 

relation,  its  economic  importance,  and 
itA  fanna  aud  flora. 

New  York  Acad.  Sci.,  Trans.,  vol.  9,  pp. 
27-32. 

Abstract  (by  aatbor).  aeol.  Boo.  Am.. 
BnU.,  vol.  1,  pp.  624-527,  627-528,  with  dis- 
cnMion  by  J.  B.  Tyrrell,  L.  F.  Ward,  J.  J. 
St«TeDaon,  and  E.  D.  Cope,  pp.  527-632. 

Other  abntracta,  Am.  G-aologitt,  rol.  6,  p. 
1 18,  i  p.    Am.  Natnraliat,  vol.  24,  pp.  856-857, 

Discnusfon  of  Ita  atratij^Taphio  poaition  and 
the  relations  aud  equivalency  of  ita  compo- 
nent formations  lu  different  ref^ona. 

The  rock-salt  deposits  of  the  Salina 

group    in  western  New  York.      [Ab- 
Htract.  ] 

New  York  Aoad.  Scl.,  Trana.,  vol.  9,  pp. 
39-45. 

Includes  an  acooont  of  their  geology,  and 
records  of  several  bored  wells. 
[Remarks  on  tbe  northern    exten- 
sion aud  eqni valency  of  the  Amboy 
clays.] 

Oaol.  Soc.  Am.,  BnU.,  toI.  1,  p.  455.  i  p. 
In  discuHsion  of  paper   by  D.  White  on 
"  Cretaceoiui  plants   from    Martha's   Vine- 
yard." 

New  Bnmswick  Natural  Etiatory  So- 
ciety, Bulletio,  vol  9. 

Organisms  in  Laureutian  at  St. 
John,  Matthkw. 

Sponges  in  Lauren tian  rocks  at  St. 
John,  Matthew. 
New  Hampshire,  Archean  axes  of  east- 
ern North  America,  Dana. 

Granitoid  areas  in  lower  Laurentian, 
Hitchcock. 

Building  stones,  Merrill,  G.  P. 

Macfarlane*s  Railway  Guide,  Hitch- 
cock. 

Report — Division  of  coast-line  geol- 
ogy, IT.  S.  Geol.  Survey,  ShaLBR. 

Madison  bowlder,  Crosby. 

Studies  of  hornblende  schist,  Hitch- 
cock. 

Warren's  Geography,  Brkwer. 

Ne'w  Jersey,  Analyses  of  serpentine, 
Catlbtf. 

Ancient  shore  lines,  Merrill. 

Amboy  clays,  Nkwberry. 

Artesian  wells,  Nason. 

ArteaUti  wells,  Atlantic  City,  Wool- 
man. 

BarrMT  beaches,  Merrill,  F.  J.  H. 


New  Jersey — Continued. 

Building  stones,  Merrill,  G.  P. 

Clay  at  Monmouth  Junction,  Brit- 
ton,  Martin. 

Cretaceous   plants,    Martha's  Vine- 
yard, White,  D. 

Encroachments  of  the  sea,  McGeb. 

Excursion  in  northern  Appalachians, 
Williams,  G.  H. 

Fiords  and    great    lake    basins  of 
North  America,  Upham. 

Glacial  boundary,  Wright. 

Glacial  studies  beariug  on  the  an- 
tiquity of  man,  Lbvbrett. 

Glacial  deposits   at  Belvidere,  Mc- 
Geb.   Merrill,  F.  J.  H. 

Intrusive  origin  of  Watchung  traps, 
Kason. 

Macfarlane's  Railway  Guide,  Dar- 
ton.    Smock. 

Metamorphic  strata  of  southeastern 
New  York,  Merrill,  F.  J.  H. 

Potomac  flora,  Fontaine. 

Psendomorphs  at  Paterson,  Huirr, 
J.  H. 

Rivers  of  northern  New  Jersey,  Da- 
vis. 

Report— Division  of  Cenozoic  inver- 
tebrates, U.  S.  Geol.  Survey,  Dall. 

Scapolite  rock,  Nason. 

Stndies  of  Archean  rooks,  Nason. 

Studies  of  Triassio  rocks,  Nason. 

Traps  of  Newark  system,  Darton. 

Topographic  development  of  north- 
ern New  Jersey,  Davis  and  Wood. 

Warren's  Geography,  Brewer. 

Wright's  "Ice  age  in  North  Amer- 
ica." 

Zircon  rocks  in  Archean  highlands, 
Nason  and  Fbrribr. 

New  Jersey*  Oeological  Survey,  An- 
nual Report  for  1889. 
Studies  of  Archean  rocks,  Nason. 
Triassic  rocks,  Nason. 
Artesian  wells,  Nason. 

New  Mexico,.  Analysis  of  adobe  soil, 
Eakins. 

Analysis  of  [eruptive]  rocks,  Ea- 
kins. 

Colorado  group,  Stevenson. 

Cretaceous  and  northern  Mexico, 
Whitb,  C.  a. 

Drainage  systems,  Tarr. 

Extinct  volcanoes  of  Colorado, 
Lakes.  ^  j 
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iw  MejioQ— Cod  tinned. 
Laramie  K^oap,   Copb.  Nrwbbrrt. 

Ward,  L. 
Lower    Cretaceons   of    San    Carlos 

monntains,  White,  C.  A. 
Macfarlane's  Rai  1  way  6n  ide,  Dutton. 
Movementb    in     Rocky   Monn tains, 

£MMO!f8. 

Plications  of  Coal  Measures,  Van 
D1E8T. 

Volcanic  rooks  from  Tewan  moun- 
tains, iDDmos. 

Warren's  Qeograpby,  Brewbb. 

w  Tork,  Analysis  of  dolomite  from 

Westchester  County,  Hillkbrand. 
Analyses  of  inclusions  in  diorite  at 

Crugers,  Chatard. 
Analyses  of  serpentines,  Catlbtt. 
Aniboy  clays,  Newberry. 
Ancient  shore  lines,  Merrill,  F.  J.  H. 
Bnilding  stones,  Merrill,  G.  P. 
Calciferons'  in     Champlain  Valley, 

Brainerd  and  Seelt. 
Clays     near    Morrisiana,    Martin, 

Merrill,  F.  J.  H. 
Cuboides  zone,  Williams,  H.  S. 
Deformation     of    Iroquois     beach, 

Spencer. 
Excursion  in  northern  Appalachians, 

Williams,  G.  H. 
Extensions  of  the  Iroquois  beach, 

Spencer. 
Fiords    and   great    lake   basins    of 

North  America,  Upham. 
Fossils  in  eastern  part  of  Dutchess 

County,  DwiGHT. 
Fossils  at  Pleasant  Valley,  D wight. 
Fossils  in  Taconic  belt  at  Hillsdale, 

Dana. 
Glacial  boundary,  Wright. 
GlaciaT  geology,  Irondequoit  region. 

Dryer. 
History  of  Niagara  River,  Gilbert. 
Iron  mines,  Smock. 
Iron  ores,  Hunt,  J,  S. 
Iroquois  beach,  Davis,  Spencer. 
Lake  ridges  of  Ohio,  Wright. 
Long    Island  Sound  in  Quaternary 

and    submerged     Hudson     River 

channel,  Dana. 
Macfarlane*s  Railway  Guide,  Dana. 

Darton.   Dwight.    Ford,  Hitch- 
cock, J.  M.    Hunt,  T.  S.    Lind- 

HEY.    Smock.  Williams,  H.  S. 
Mastodon  at  Attica,  Clarke,  J.  M. 


New  York— Continued. 

Middle  Taconio  at  Stissing,  Dwight. 

Origin  of  Syracuse  serpentine,  Wil- 
liams, G.  H. 

Pot-holes  opposite  Catskill,  Hub- 
bard.     . 

Report  on  oil  and  gas,  Carix. 

Report — Paleozoic  division  of  paleon- 
tology, U.  S.  Geol.  Survey,  Wal- 

COTT. 

Report — Division  of  Paleozoic  inver- 
tebrates, U.  8.  Geol.  Survey,  Wal- 

COTT. 

Report — ^Atlantic  coast  division,  U. 
S.  G^l.  Survey  [shore  lines  on 
Catskill  mountains],  Shaler. 

Richfield  Springs  clay,  analysis,  Cat- 

LETT. 

Rock  salt  deposits,  Nbwbrrry. 
Saliferous   deposits   as    evidence  of 

climatal  conditions,  Shaler. 
Sandstone  in  drifli  on  Staten  Island, 

Gratacap. 
Sorpentinous  rocks,  Merrill,  G.  P. 
Siderite  basins,  Kimball. 
Silurian    fossils,   Columbia  County, 

Bishop. 
Structure  of  Dcvoniiin  and  Silurian 

in  west  central  New  York,  Pros- 

8ER,  C.  S. 

Supposed  dikes  at  Ithaca,  Kemp. 
Traps  of  Newark  system,  Darton. 
Unconformity     in     Hudson    valley, 

Davis. 
Value  of  term  "  Hudson  River  group," 

Walcott. 
Warren's  Geography,  Brewer. 
Wright's  "  Ice  age  in  North  America," 

Hitchcock. 

New  Tork    Academy   of    Sciences, 
Transactions,  vol  9. 

Salt  deposits  western  New  York, 
Newberry. 

Clays  at  Morrisania,  New  York,  Mer- 
rill, F.  J.  H.,  Martin. 

Ancient  shore  lines,  Merrill,  F.J.H. 

Clay  at  Monmouth  Junction,  New 
Jersey,  Martin. 

Phosphate  beds  of  Florida,  Ledoux. 

Jottings  on  the  Nile  and  in  the  desert, 
Bolton. 

Pseudoniorphs  at  Paterson,  New  Jer- 
sey, Hunt,  J.  H. 
,  vol.  10,  Nos.  1-3. 

Geology  of  the  Bahamas,  Northrup. 
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New  York,  Commiflsioners  of  tbe  State 
Reaenration  at  Niagara,  6th  report. 
History  of  the  Niagara  River,  Gil- 
bert. 
New  7ork  State  Museum,  Bulletio, 
No.  7.  Iron  ores  of  New  York,  Smook. 
New  7ork  State  Museum,  4l8t  aDuaal 
report.  I 

MttBtodon  at  Attica,  Clarke,  J.  M. 

,  42d  annual  report. 

Heroynian  question,  Clarke,  J.  M. 
Record  of  locality  numhers,  Hall. 
Ne'w  Zealand.    Analysis  of  geyserite. 
WurrFiBLD,  J.  £. 


North  Carolina  Appomattox  formatioD, 

McGke. 
Cape  Fear  River  region,  Clark. 
Iron  ores.  Hunt,  T.  S. 
Mesozoio  cone^lomerates,  HoLacES,  J. 

A. 
Triassio  flora  of  Richmond,  Virginia^ 

Marcou. 
Warren's  Geography,  Brewer. 
Macfarlane's  Railway  Gnide,CHAKCB. 

NORTHRUP,  John  I.  Notes  on  the  geol- 
ogy of  the  Bahamas. 

N0W  York  Acad.  Sci.,  Trans.,  -voL  10,  pp. 
i-22. 


0. 


Ohio.    Analyses  of  limestonee^  Catlett. 

Whitfield,  J.  E. 
Analyses    of    sandstones,    Eakins. 

Clarke,  F.  W. 
Bowlder  helts  and  howlder  trains, 

Chamberlin. 
Building  stones,  Merrill,  G.  P. 
Cave  in  Clinton  formation,  Jambs. 
Climate   indicated    by    iuterglaoial 

bed,  Leyerett. 
Glacial      boundary,     Chamberlin. 

Wright. 
History  of  Niagara  River,  Gilbert. 
Lake  ridge  of  Ohio,  Wright. 
Geological  Survey  report,  Orton. 
Macfarlane's  Railway  Guide,  Cham- 

BERLiK.     Orton.     White,  I.  C. 

Wright. 
Origin  of  pressure  of  gas,  Orton. 
Portsmouth     sandstones,     analyse^ 

Chatard. 
Pre-glaoial  channels  at  Falls  of  the 

Ohio,  Bryson. 
Pre-glacial  drainage  of  western  Penn- 
sylvania, Foshay. 
Report  on  oil  and  gas,  Carll. 
Some  causes  of  extinction  of  species, 

McC  REEKY. 

Sylvania  sand  iu  Cuyahoga  County, 
Nbff. 

Trenton  limestone  oil  and  gas,  Or- 
ton. 

Waverly  group,  Cooper,  W.  F. 

Warren's  Geography,  Brkwer. 

Ohio,  Geological  Survey.  First  annual 
report,  Orton. 


Oregon.    Natural  soda,  Chatard. 

Macfarlane's  Railway  Guide,  Con- 
don.   Dawson,  G.  M.    Hastings. 

Paleontology  of  the  northwest  coast, 
Dall. 

Report — Division  of  volcanic  geology, 
U.  S.  Geol.  Survey,  Dutton. 

Sandstone  dikes,  Djller. 

Silver  Lake,  Cope. 

Warren's  Geography,  Brewer. 

ORTON,  Edward.  The  Trenton  lime- 
stone as  a  source  of  petroleum  and  in- 
flammable gas  in  Ohio  and  Indiana. 

17.  S.  Geol.  Barvey,  8tfa  Report,  J.  W. 
Powell,  PP.47&-662,  pla.  LIV-LX,  1889. 

AbntracU,  Am.  Natnrallst,  toI.  24,  pp.  061- 
063;  Am.  aeologist,  rol.  6,  pp.  888-391. 

Discassion  of  the  orl^n  and  modea  of  accu- 
malation  of  oil  and  xaa.  Description  of  tbe 
straliKTaphy  and  rock  atnictare  of  the  rei^ion 
and  an  account  of  the  practical  development 
of  theoilandgasflelda.  Illnstrated  by  colored 
geologic  maps  and  aecUons. 

On  the  origin  of  the  rock  pressure  ot 

natural  gas  of  the  Trenton  limestone  of 
Ohio  and  Indiana. 

Am.  Jonr.  Soi. ,  3d  aeriea,  rol.  39,  pp.  22S-220. 
Statement  of  conditious  and  discasuon  of 
the  natnre  and  cause  of  the  pressure. 

Origin  of  the  rock  pressure  of  natural 

gas  in  the  Trenton  limestone  of  Ohio 
and  Indiana. 

aeol.  Soo.  Am.,  Bull.,  vol.  ],  pp.  87-M,  96. 
Abstracts,  Am.  Geologist,  voL  5,  p.  119,  ^  p; 
Am.  Naturalist,  voL  24,  p.  955, 4  lines. 
This  paper  differs  ftoqa  the  one  on  the  same 
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RTOK,  Edward — Continited. 
•object  in  AAl  Jour.  Soi.,  toL  8^  in  oonalsting 
of  a  man  «xtonded  diaoiuaioii  of  the  MTonl 
theorifle.  the  laws  of  gas  prodaotion,  and  the 
dnration  of  the  gaa  supply.  Disonaaed  by 
I.C.  Wblte»  W  J  McGee,  aad  A.O.L*wsoii, 
pp.  94-07. 

—  Geological  sarvey  of  Ohio  (third 
organization),  first  annual  report,  z, 
$23  pages,  2  maps  in  pocket.  Colnmbns. 
Mainly  oovning  the  oil  and  gaaflelda,  with 
a  prefatory  general  aketoh  of  the  geology  of 
the  Sute,  a  review  of  theoriea  of  the  origin 
and  aocamnUtion  of  gas  and  oil  a  diaonaaion 
of  laws  that  govern  their  dlatiibation,  and  a 
description  of  the  fault  in  Adams  County. 
Accompanied  by  two  mapa  of  oil  fields. 


ORTON,  Edward— Continued. 

Ohio. 

Macfarlaae'a  Gkol.  BaUway  anide,  Sd  edl. 
tlon,  pp.  177-187. 

Berision  of  table  of  geological  fonaationa  of 
the  State  aad  geologioal  notea  for  railway 
atations. 

Ottawa  Naturaliat»  voL  3,  No.  4. 

Geologioal  progress  in  Canada,  Ells. 

,  voL  4,  Noa.  1-9. 

Mistassini  region,  Low. 

Si'rpentines  of  Canada,  GiROUX. 

OWEN,  Richard.    Arkansas  [in  part]. 

Maofarlane'a  G^eol.  Railway  Onide,  ad  edi. 
tion,  pp.406, 407. 
Geologioal  notea  for  railway  stationa 


P. 


iCKARD,  A.  S.  An  attempt  to  ex- 
plain glacial  lunoid  furrows. 

Am.  G-eologiat,  toL  5,  pp.  104-108. 

Description  of  some  InstAnoea  in  Switser- 
land  and  Kew  England  and  disoussiun  of  their 
origin. 

LLMER,  Charles  S.  A  preliminary 
>aper  on  the  eruptiye  rooks  of  Boulder 
younty  and  adjoining  counties,  Colo- 
ado. 

Colorado  Sol.  Boo. ,  Proo. ,  voL  3,  pp.  230-286. 

Brief  referenoe  to  geologic  formations  and 
strootond  relations  and  petrographio  notes 
conoeming  the  rarions  eniptives. 

AUSONS^  James.]  West  Virginia 
lentral  and  Plattsburg  Railway. 

Maofarlane'a  O^ol.  Railway  G-nide,  2d  edi- 
tion, p.  347, 1  p. 

Geological  notes  for  the  stations. 

ATiB,  A.  C.  Report — Montana  divi- ' 
on  of  geology. 

U.  8.  G^eoL  Bnnrey,  8th  Report,  J.  W. 
Powell,  pp.  146-148,  1889. 

Brief  acconnte  of  the  extension  of  lake  beds 
(westward  to  Madison  Valley,  and  to  the  occur* 
-ence  and  extent  of  certain  emptire  rooks 
lear  Fort  ^lis  and  in  the  sonthwestem  part 
»f  the  Gallatin  Yiilley,  with  petrographio  de- 
loription  by  G.  P.  Merrill. 

•  Report — Montana  division  of 
K)logy. 

XT.  S.  Oeol.  Snrrey,  9th  Report,  J.  W. 
*owell,  pp.  111-114, 1880. 

Brief  nummary  of  resnltsof  obsenrations  in 
rallatin  and  Jefferson  Biver  regions.. 

nsylvania.    Analysis  of  serpentine. 

Catlktt. 
Bailding  stones,  Mrrrill,  G.  P. 
Casta  of  flattened  soolithua,  Waiwxb. 


Pennsylvania—  Continued. 

Clay  in  Northumberland  County, 
analysis,  Catlstt. 

Diatoms  from  river  clays  of  Philadel- 
phia, Woolman. 

Foifsil  in  caves  in  limestone,  Libdt. 

Fractured  strata  in  Bedford  County, 
Stevenson. 

Glacial  boundary,  Chamberlin. 
Wright. 

Glacial  phenomena  in  the  Beaver 
Valley,  Foshay  and  HiCB. 

History  of  Niagara  River,  Gilbert. 

History  of  glacial  deposits  of  Ohio 
Valley,  Whitb,  I.  C. 

Iron  ores.  Hunt,  T.  S. 

Making  of  Pennsylvania,  Claypole. 

Macfarlane's  Railway  Guide,  Les- 
LKY.    Lewis,  H.  C.    White,  I.  C. 

Microscopic  structure  of  oolite,  Bar- 
bour. 

Origin  of  pressure  of  gas,  White,  I.jC. 

Pre-glacial  drainage  of  western  Penn- 
sylvania, Foshay. 

Report  on  New  Boston  and  Morea 
coal  lands,  Lyman. 

Report  on  oil  and  gas,  Carll. 

Serpentines  of  southeastern  Pennsyl- 
vania, Rand. 

Serpentine  rocks  near  £a8ton,  Mer- 
rill, G.  P. 

State  line  serpentines,  Chester. 

Tracks  in  Trias  of  York  Connty ,  Wan- 
ner. 

Traps  of  Newark  system,  Darton. 

Umbral  limestone  in  Lycoming  Conn- 
tjr,  MmruB.  p.g  ,,^^^  ^y  Google 
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Pennsylvania— Continaed. 

Warren's  Geoi;raphy,  Brkwbr. 
Wridfbt's  <<  Ice  a^e  in  North  America/' 
Hitchcock. 
Pennsylvania  Geological  Survey,  An- 
unal  report  for  1887. 
tllave  fossils,  Lbidy. 
Fossil  tracks  in  Trias,  Wannxr. 
New  Boston  coal  basin,  Lyman. 
St.'ite  line  serpentines,  Chester. 
Pennsylvania  Oeological  Survey. 

Seventh  report  on  oil  and  gas  fields, 

Carll. 

PBNFIBLD,  S.  L.,  IDDINQS;  Joseph?. 

and.  Eayalite  in  the  oUsidian  of  Lipari. 

Am.  Jour.  Sci.,  3d  series,  vol.  40,  pp.  75-78. 

Abstract,  Am.  Naturalist,  vol.  24.  p.  1073, 

7  lines. 

Inolndes  brief  references  to  the  containing 
rocks  and  th«ir  associates. 

PENROSE,  R.  A.  F.  A  preliminary  re- 
port on  the  geology  of  the  Gnlf  tertia- 
rie8  of  Texas  from  Red  River  to  the  Rio 
Grande. 

Texas,  Oeol.  Surrey,  First  Annual  Re- 
port, pp.  a<-101. 

Stratigraphy,  stractnral  relations  and  dis- 
tribution of  Tertiary  and  post- Tertiary  de- 
po»it8,  pp.  JMM.  Boonomio  geology,  pp.  65- 
101. 

Petrography,  Huronian  and  Laareutian 
north  of  Lake  Huron,  Barlow. 
Lawson. 

Archean  of  central  Canada,  Lawson. 

Building  stones  of  the  United  States, 
Mrrrill,  G.  p. 

Eruptives   of  Lake    Huron    region, 

FAIItBANKS. 

Rocks  of  Thunder  Bay  district,  Bay- 
ley. 

Copper  in  Animikie  at  Thunder  Bay, 
Lawson. 

Origin  of  soda  granite,  etc.,  Pigeon 
Point,  Baylby. 

Greenstone  schists,  Michigan^  Wil- 
liams, G.  H. 

Certain  dikes  of  Rainy  Lake  region, 
Lawson  and  Shutt. 

Report  on  Rainy  Lake  region,  Law- 
son. 

Notes  on  Big  Bend  of  the  Columhia, 
Coleman. 

Granitoid  areas  in  lower  Lanrentian, 
Hitchcock. 

Bemardston  Heri(-H  of  upper  Devon- 
ian, £mrkson. 


Petography — Continued. 

Rooks  of  Essex  County,  Massachu- 
setts, Lewis. 

Granites  of  Massachusetts,  Emerson. 

Crystalline  rocks  of  Missouri,  Ha- 
worth. 

Pre-Cambrian  of  the  Black  Hills, 
Van  Hise. 

Geology  of  Cape  Ann,  Skaler. 

Metamorphic  strata  of  southeastern 
New  York,  Merrill,  F.  J.  H. 

Archean  rocks,  New  Jersey,  Nason. 

Zircon  rocks  in  highlands  of  f New 
Jersey,  Nason  and  Ferrikr. 

Non  feldspathic  intrusives  of  Mary- 
land, WlLUAMS,  G.  H. 

Traps  of  Newark  system  in  New 
Jersey  region,  Darton. 

Syracuse  serpentines,  Williams,  G. 
H. 

Serpentinons  rooks,  New  York  and 
Pennsylvania,  Merrill,  G.  P. 

Serpentines  of  southeastern  Pennsyl- 
vania, Rand. 

Lithology  of  rooks  from  Yukon  dis- 
trict, Adams. 

Structure  of  oolite,  Barbour. 

Trenton  limestone,  Ohio  and  Indi- 
ana, Orton. 

Trap  dikes  near  Kennebunkport, 
Maine,  Kemp. 

Triassic  traps  of  Nova  Scotia,  Mars- 

TERS. 

Dikes  in  Appalachian  Virginia,  Dil- 

LER. 

Notes  from  Bi^a  California,  Mexico. 

LiNDGREN. 

«      Rocks  from  Montana,  Merrill,  G.  P. 

Eruptive  rocks  of  Boulder  County, 
Colorado,  Palmer. 

Volcanic  rocks  from  Tewau  Moun- 
tains, New  Mexico,  Iddings. 

Igneous  rocks  of  Yellowstone  Park, 
Iddings. 

Fay  all  te  in  obsidian  of  •Lipari,  Id- 
dings and  Penfield. 

Basalt  from  Pilot  Knob,  Texas, 
Kkmp. 

Origin  of  gneiss,  Bell. 

Observations  in  Norway,  Williams, 
G.  H. 

Report— Division  of  Petrography,  U. 
8.  Geol.  Survey,  Dillbr. 

Secondary  minerals  of  ampbibole 
and  pyroxene  groups,  Cross, 

Petrography  for  1887  and  IbeW, 


y  for  18i?7  and  ItteW,  j 
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ladelphia,    Academy    of    Natural 

Sciences,     Proceedinga,     1889, 

part  3. 
Uinbral     limestone     iu     L^'coining 

County,  Penusylvania,  Mkybr. 
Drift  ou  Block  iHliind,  Ranm>. 

,  1890,  parta  1,  2. 

Serpentines  of  8oiith(Mist<Tn  PcnnHyl- 

vaiiia,  Rand. 
Artesian  wells  at  Atlantic  City,  Now 

Jil»ey,  WOOLMAN. 

Diatoms  iu    clays   of   Pliiladelphia, 

WOOLMAN. 

Vincelonian  volcano,  Sharp. 
Coral    and    coral    reefs   of  western 
Gulf  of  Mexico,  Hkilprin. 

iatocene. 

'fl^Aa,  Surface  geology,  Rl'sskll. 

*  antic  coast  regiony  ClaH^iticatiou  of 
glacial  sedimenta  of  Mnine,  Stonk. 

History  of  Boston  basin,  Crosby. 

(ilncial  sand  plains,  Davis. 

Tertiary  and  Cretaceous  of  Mossa- 
chn8ettS|  Shalrr. 

Glacial  lunoid  furrows,  Packard. 

Cape  Ann,  MassachnsettH,  Siialrr. 

Bernardston  series,  Kmkuson. 

Muuut  Desert  Island,  Siialer. 

Sanborn  bowlder,  Massachusetts, 
Saviulb. 

Distribution  of  bowlders,  Hitch- 
cock. 

Kaolin  in  Blandford,  Massachusetts, 

CiSOSBY. 

Gay  Head,  Merrill,  F.  J.  H. 

Glacial  scratches  near  Norfolk,  Con- 
necticut, Cornish. 

Vein  filling  in  till  of  Connecticut 
Valley,  Emerson. 

Drift  on  Block  Island,  Rand. 

Evidence  of  till  on  glacial  climate, 
Crosby. 

Division  of  coast  line  geology,  U.  S. 
Geol.  Survey,  Shaler. 

Mnguetite  and    sea  water  iu  drift, 

KOIIERTSON. 

Report — Atlantic  coast  division,  U. 
S.  Geol.  Survey,  Siialer. 

Madison  bowlder,  Crosby. 

(flacial  action  in  southeastern  Con- 
necticut, Wells. 

Jiong  Island  Sound  and  f-ubmerged 
rbiinnel  of  tho  Hndrton,  Dana. 

Pot-liolcH    o|)]U)Kil«     Cat.«jkill,    New 
York,  HuBiiAKD. 
Boll.  91 5 


Pleistocene  -  Cont  i nned. 

Clays  near  Morrisania,  New  York, 
Mearill,  F.  J.  H. 

Sandstone  in  drift  on  Staten  Island, 
Ghatacap. 

Ancient  sliore  lines,  Merrill,  F.  J. 
H. 

Topo;»raphio  dovWopnient  of  Now 
Jersi'y,  I>avI8  and  Wood. 

Wright's  **  Ice  Age  in  North  Amer- 
ica," Hitchcock. 

Rivers  of  Northern  New  Jersey,  Da- 
vis. 

Artesian  wells,  New  Jer.-ey,  Nason. 

Fiords  and  great  lake  basins  of 
Nor  til  America,  Upham. 

DepONit-s  on  the  Delaware,  McGbr. 
Mrhuill,  F.  J.  H. 

Barrier  beaches,  Merrill,  F.  J.  H. 

Report — Atlantic  coast  division,  U. 
S.  Geol.  Survey,  Smalkr. 

Encroachment  of  the  sea,  Thompson. 
McGek. 

Diatoms  from  river  clays  at  Phila- 
delphia, WoOLMAN. 

Potomac  flora,  Fontaine. 

Southern  Marylaud  and  Virginia, 
Clark. 

Southern  extension  of  Appomattox 
formation,  McGer. 

Topogni  phy  of  Florida,  Shaler.   Ao- 

'  AS8IZ. 

Analyses  of  coquiua  and  coral  rock, 
Florida,  Clarke,  F.  W. 

PlelRtoceno  subimrgence,  McGee. 
Spencer.    Shaler. 

Report — Atlantic  coast  division,  U. 
S.  Geol.  Survey,  Florida,  Shaler. 

Extent  of  submergence  of  Atlantic 
coast,  McGee. 

Continental  elevation  of  America. 
Browne. 

Southern  drift  in  Georgia,  Spen- 
cer. 

Warren's  Geography,  Brewer. 

Mon  Louis  Island,  Mobile  Bay, 
Langdon. 

Date  of  high  contin'?nfal  elevation 
of  America,  Browne. 

Macfarlane'rt  Railway  Guide,  Cham- 
BERLiN.  Chance.  Chester.  Cros- 
by. Fontaine.  Cksxer.  Ham- 
mond. Hitchcock.  Johnson. 
Le8i,ey.  Lewis,  11.  C.  Smith, 
E.  A.    Smock.    Uhler.    Ubuam,    t 
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PleiAtocene— Continued. 
Appalachians  to  Mississippi  hasin^  Gift- 
oial  pbenomeDa  of  northern  Illinois 
and  Indiana,  Lrverktt. 
Climate    indicated   by    interglacial 

beds,  Leverktt. 
Deep  well  at  Dixon,  Tlinois,  Tif- 
fany. 
Central  basin  of  Tennessee,    Kbn- 

NEDY. 

Orange   sand    formations,    McGbe. 
Procter. 

Vivian ite,  Kentucky,  Dudley. 

Wet  woods,  Bryson. 

Ice  age  in  North  America,  Davis. 

History     of    npper     Ohio     region, 
White,  I.  C. 

Pre-glacial  drainage  of  western  Penn- 
sylvania, FOSHAY. 

Pre-glacial  channels  at  Falls  of  the 
Ohio,  Bryson. 

Glacial  phenomena  in  Beaver  Valley, 
FoSHAY  and  UiCE. 

A  recent  rock-flexure  [in  Wisconsin], 
Cramer. 

Interval    between    glacial    epochs, 
Cham  BERLIN. 

Glacial  sand  plains,  DAVia 

Bowlder  belt   and    bowlder   trains, 
Chamrerun. 

Distribution  of  bowlders,  Winchrll, 
A.    Wright. 

Report— Division  of  glacial  geology, 
U.  8.  Geol.  Survey,  Chambbrun. 

Warren's  Geography,  Brewer. 

Macfarlane^s  Railway  Guide,  Camp- 
bell. Chambrrun.  Collett. 
Lesley.  Orton.  Proctor.  Saf- 
FORD.  White, I.e.  Winchell,A. 
Worthen.  Wright. 
Central  America,  About  the  Nicaragua 
footprints,  Crawford.    Flint. 

Geologic  map  of  Mexico.    Castillo. 

Submergence  of  Isthmus  of  Panama, 
Upham. 
General.   Growth,  culmination  and  de- 
parture of  ice  sheets.  Upham. 

Interval    between     glacial    epochs. 
Chamberlin. 

Cause  of  the  glacial  period,  Upham. 
Chamberlin. 

Quaternarychanges  of  level,  Upham. 

Glacial  climate,  Crosby,    Shaler. 
Upham. 

Extent  of  glaciers,  Chamberlin. 


Pleistooene— Con  ti  n  ued. 

Glacial  studies  bearing  on  the  an- 
tiquity of  man,  Leverett. 

Continental  elevation  preceding  the 
Pleistocene,  Spencer. 

Pleistocene  flora  of  Canada,  Daw- 
son, J.  W. 

Glacial  phenomena,  Bell.   Dwight. 

Use  of  terms  Lauren tian  and  Cham- 
plain,  Marcou.  James.  Hitch- 
cock. 

Wright's  ''Ice age  in  North  Amer- 
ica,*' Hitchcock. 
Oreat  Lakes  region  and  eaeUnm  Canada, 
History  of  Niagara  River,  Gilbrbt. 

Iroquois  beach,  Davis.    Spskcsr. 

Deformation  of  Iroquois  beaoh, 
Spencer. 

Northeastern  extension  of  the  Iro- 
quois beach,  Spenckr. 

General  Pleistocene  submergence, 
Spencer. 

Ancient  shores  in  region  of  Great 
Lakes,  Spencer.. 

Origin  of  basins  of  the  Great  Lakes, 
Spencer.  Bonney.  Hinde.   Srk- 

LEY. 

Fiords  and  great  lake  basins  of  North 

America,  Upham. 
Lake  St.  John  country.  Chambers. 
Glacial  geology,  Irondequoit  regiooy 

Dryer. 
A  moraine  of  recession  in  Ontario, 

Wright. 
Gravel  deposits  of  Ontario,  Spencer. 
Preglacial     drainage     of    western 

Pennsylvania,  Foshay. 
Mastodon    at     Attica,    New    York, 

Clarke,  J.  M. 
Lake  ridges  of  Ohio,  Wright. 
Pot-holes  north  of  Lake   Sui)erior, 

McKellar. 
Mines  of  Lake  Superior,  Ingall. 
Geology  of  Ontario,  Bell. 
Geology  of  the  northwest  of  Lake 

Superior,  Harvey. 
Hudson  Bay,  Low. 
Glacial   phenomena  in  the   Beaver 

Valley,  Pennsylvania,  Foshay  and 

HlCE. 

Northwestern  Manitoba,  Tyrrell. 
Glaoiation  of  eastern  Canada,  CHAii- 

MERS. 

Surface  geology,  New  Brunswick, 
Chalmbbs, 
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}iBtocene— Couiinued. 
Lake    TeroiBcaming    and    Montreal 

River  region,  Bell. 
Pro^resa     of    iiive^itlgations,     New 

Brunswick,  Bailby. 
Report  on  Quebec,  Ells.  Walcott. 
Picton     and    Colchester    Counties, 

Nova  Scotia,  Fletciibk. 
Son  them  invertebrates  on  shores  oi' 

Acadia,  Gannong. 
St.  Lawrence  V^alley,  Laflamme. 
Macfarlane*8  Railway  Guide,  Cham- 

berlin,    Dawson,  G.  M.    Hall, 

C.  W.     WiNCHELL,  A. 

Ussissippi  hcBin  to  Rocky  Mountains. 
Lineage  of  Lake  Agaasiz,  Todd. 
Origin  of  extra-moraiuic  till,  TODD. 
Outlet  of  Lake  Agassiz,  Chambbr- 

LIN. 

Terraces  of  the  Missouri,  Todd. 
Sand  of  St.  Louis  County,  Ladd. 
Brick    clay.  New   Ulm,    Minnesota, 

analysis,  Chatakd. 
Deserted  gorge  near  Minnehaha  falls, 

Grant. 
Lake  Winnipeg,  Mississippi  drainage, 

Mills. 
Loess  and  its  fossils,  Shimek. 
Rpport^— Montana    division,     U.    S. 

Geol.  Survey,  Pealk. 
Artesian  wells  in  Dakotas,  Upham. 
Southwestern  Kansas,  Hay. 
Greenwood  and  Butler  Counties,  Kan- 
sas, WOOSTER. 
Kansas  salt  mine,  Hay. 
Drift  of  northern  Iowa,  Webster. 
Report — Potomac  division,  I  J.  S.  Geol. 

Survey,  McGeb. 
Topographic  types,  Iowa,  McGkr. 
Loess  at  Muscatine,  Iowa,  Witter. 
Urowley's  Ridge,  Arkansas,  Call. 
Staked  Plains,  Texas,  Hill. 
Kaglo  Flats  formation,  Texas,  Hill. 
Pilot  Knob,  Texas,  Hill. 
Indian    Territory    and    Red    Siver, 

Hill. 
V^alley   of   Upper  Canadian,  TexavS, 

Hill. 
Report  on  Gulf  Tertiaries  of  Texas, 

Pknrosb,  R.  a.  F. 
CJentral  Texas,  Comstock.    Tarr. 
Trans-Pecos  Texas,  Streerhwitz. 
Review  of  Texas  geology,  Dumble. 
Eastern  Colorado,  Cannon. 
STellowstone  Park,  Weed, 


Pleistocene  —Continued. 

Macfarlanc's  Railway  Guide,  Broad- 
head.     CllAMBERLIS.      ElDRIDGB. 

Hall,  C.  W.  Hilgard.  Lough- 
uiDGE.  McGek.  Owen.  St.  John. 
Todd.    Upiiam.    Winciiell,  N.  H. 

Warren's  Geography,  Brkwbr. 
Rocky  Mountains  to  Pacific  Coast,   Analy- 
sis of  adobe  soil,  Eakins. 

Analyses  of  lavas,  Ariisofia,  Eakins. 

Lake  Lahoutan,  McLintock. 

Lake  Bonneville,  Gilbert. 

Analyses  of  lavas  from  Lassen  Peak, 
Hillebrand. 

Analyses  of  volcanic  rocks  from  Cali- 
fornia, ClIATARD. 

Protozootites,  Friedrich. 

Analyses  of  rocks  from  northern  Cali- 
fornia, Eakins.    Whitfield,  J.  E. 

Analysis  of  lava  from  Shasta  County, 
California^  RiGGS. 

Natural  soda,  Chatard, 

Macfarlano's  Railway  Guide,  Con- 
don. Cooper.  Dall.  Davis. 
Gilbert.  Hague.  Hastings. 
PuMPELLY.    Willis. 

Analysis  of  clays  from  Owen^s  Lake, 
Califoniia,  Chatard. 

Auriferous  gravels  of  California, 
Hammond. 

Mono  Valley,  California,  Russell. 

Clays,  Johnson,  W.  D. 

Santa  Clara  County,  California, 
Weber. 

Record  of  well  at  Nampa,  Idaho, 
Kurtz. 

Age  of  beds  in  Bois^  River  region, 
Emmons.    Cope. 

W^arron's  Geography,  Brewer. 
Western  Canada.  Glaciation  of  northern 
Cordillera,  Dawson,  G.  M. 

Post-Tertiary  deposits  of  Manitoba, 
Tyrrell. 

Duck  and  Riding  Mountains,  Tyr- 
rell. 

James  Bay  region,  Low. 

Limits  of  glaciation  in  the  Northwest, 
Chamberlin. 

Yukon    and   Mackenzie  Rivers,  Mc- 

CONNELL. 

Yukon  district,  Dawson,  G.  M. 

Caribou  district,  British  Columbia, 
Bowman. 

Glaciation  of  Cordillera  and  Lauren- 
tide,  Chalmers.  ^  ^ 
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Popular  Science  Monthly,  1890. 
Glacial  aotiou  iti  Virgiuia,  Minor. 
Glacial  action  in  soatbeasteru  Cou- 

necticnt,  Weli^. 
Barrier  beaches  of  tbe  Atlantic  coast, 
MSIIRILL,  F.  J.  H. 
PRESTON,  E.  B.  Los  Augeles  Coontj'. 
California,  Ninth  R«port  of  Mineralogist, 
pp.  189-210. 

Inoid&nUl  references  to  geology  at  varloas 
points. 
PROCTER,  John  R.     [Remarks  on  tbe 
relations  of  Orange  sands  and  certain 
gravels  in  the  western  Kentucky  re- 
gion.] 

Geol.  Soc.Am. ,  Ball. ,  voL  1,  pp.  47e-477,  f  p. 
Notes  OD  relations  and  dlBtribution  iu  vari- 
ons  parts  of  the  region. 

[ ]    Kentucky. 

Macfiarlane's  Oeol.  Railway  aoide,  2d  edi- 
tion, pp.  395-400. 
Geolof^oal  doU^s  for  railway  stations. 

PROSSER,  Charles  S.    The  thickness 
of  tbe  Devonian  and  Silurian  rooks  of 
western  central  New  York. 
Am.  Qeoiogist,  vol.  6,  pp.  199-211. 


PROSSER,  Charles  S.— Continued. 

Well  reconlfl.  General  goologic  section  of 
the  region.  Review  of  previous  estimates  of 
thickness.  • 

PlTMPEIiIiT,  Raphael.     Report— Divi- 
sion of  Arcbean  geology. 

17.  S.  Oeol.  Sorrey,  Eighth  Report,  J.  W, 
Powell,  pp.  124-125. 1889. 

Includes  a  brief  notice  of  certain  resulta  in 
the  Hoosao  Monntain  region. 

Report — Division  of  Archean  geol> 

U.  S.  Geol.  Survey,  Ninth  Report,  J.  W. 
Powell,  pp.  75-76, 1889. 

Includes  brief  statement  regarding  atrat- 
igrapbic  relations  and  age  of  the  formations  in 
the  Green  Mountains. 

[ J    Northern  Pacific  Railroad. 

Macfarlane's  Geol.  Railway  Goide,  %d.  edi- 
tion, pp.  259-262. 

Geological  notes  for  stations  in  western 
Dakota,  Montana,  and  Idaho. 

LPUTNAM,   B.   T.]     Northern   Pacific 
Railroad. 

Macfarlane's  Geol.  Railway  Guide,  2d  edi- 
tion, p.  261. 

Geological  notes  for  stations  from  Garriaou 
to  Missoula,  Montana. 


R. 


RAND,  Theodore  D.    Notes  on  the  drift 
on  Block  Island. 

Philadelphia  Acad.  Nat.  Sci.,  Proc.,  1889, 
pp.  408-409. 

General  description  of  topography  and  cer- 
tain bluff  exposures. 

Notes  on  the  genesis  and  horizon  of 

the  Serpentines  of  southeastern  Penn- 
sylvania. 

Philadelphia  Acad.  Nat.  Sol.,  Proc,  1890, 
pp.  76-123. 

Conipiised  in  a  general  description  of  their 
outcrops,  structural  relations,  and  associated 
rocks. 

READE,  T.  Mellard — ^Origin  of  normal 
faults. 

Am.  JooT.  Sci.,  3d  series,  vol.  39,  pp.  51-52. 
Discussion  of  conditions  involved  in  the 
deTelopment  of  normal  faults  mainly  in  re- 
view of  Le  Conte. 

Rhode  Island.    Arcbean  axes  of  eastern 
North  America,  Dana. 
Drift  on  Block  Island,  Rand. 
Ottrelite  and  ilmen  i  to  schists,  Wolff. 
Warren's  Geography,  Bukwjsr. 


RICKETTS, .  Louis  D.  Annual  report 
of  the  Territorial  Geologist  to  the  gov- 
ernor of  Wyoming,  January,  1890,  80 
pages,  3  plates. 

Consists  mainly  of  descriptions  of  tbe  coal 
fields,  with  brief  reports  on  the  iron  ores  and 
other  minerals,  the  potruleum  i>eds,  soluble 
salt  deposits,  marbles,  building  stones,  and 
the  resources  of  the  Black  Hills  in  Crook 
County. 

Riaa-S,  R.  B.  Twelve  rocks  from  Me- 
nominee River,  Michigan  and  Wiscon- 
sin.   Analyses. 

U.  S.  Geol.  Survey,  Bull. ,  No.  55,  p.  81, 3  p., 
1889. 

Rocks  from  Pigeon  Point,  Minne- 
sota.   Analyses. 

U.  S.  Geol.  SnrTey,  Ball.,  No.  56,  pp.  82-S3, 

1889. 

[Lava  from  Shasta  County,  Califor- 
nia.   Analysis.] 

U.  S.  Geol.  Surrey,  Bull..  No.  55,  p.  84,  i  p.. 
I          1889. 
I  [Green   sands,   white  saad,  fosisil 
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RlOaS,  R.  B.— Cuiitiiiiied. 

liOiiCB,  auil  pboBpliatic  ncNlnlea  at  Gay 
Head,  Massaclmsetto.]    [Analyaea.] 

U.  S.  Geol.  Snrref ,  Bnll..  Na  5a,  p.  90,  i  p., 

1880. 

Eruptive  rock  from  Henry  Moun- 
tains, Utah,     f  Analysis.] 

U.  S.  Geol.  Sarrey,  Bnll.,  Ko.60,  p.  151,  i  p. 

Lava8  from  near  Litssen  Peak,  Cal- 
ifornia.    [Analyses.] 

tJ.  S.  Geol.  Surrey,  BnU. ,  Ko.  60,  pp.166, 157, 

iv 

CLARKE,  F.  W.  and.     Limestones 

from  Ohio.    [Analyses.] 

D.  S.  Geol.  SnrreT,  Boll.,  No.  60,  p.  160,  }  p. 
Treotun  limeetoties  and  Utica  shales. 

ROBERTSON,  Robert.     [On  distribu- 
tion of  magnetite  and  sea   water  in 
drift  formations  of  Now  Eugland.] 
tJ.  S.  Geol.  Surrey,  Eighth  Report,  J.  W. 
Powell,  p.  127,  i  p.,  1880. 

Referred  to  by  N.  S.  Shalcr  iu  Report— Di- 
viaioD  of  coast  line  geolog>'. 

ROOERS,  William  B.     Virginia. 

Macfarlane's  Geol.  Railway  Guide,  2d  edi- 
tion, pp.  352-358, 363. 
Republished  from  1st  edition. 

ROLFE,   Charles  W.     Artesian    water 
from  the  drift  [in  eastern  Illinois]. 
Am.  (Geologist,  vol.  6,  pp.  32-35. 
Description  of  surface  relations   and  well 
borings  in  drift,  and  discussion  of  the  source 
of  the  water  supply  and  its  relation  to  the 
structure  of  the  snb-terrane. 

ROWliE Y,  R.  R.   Some  observations  on 


ROVa.EY,  R.  R.— Continued. 

uatoral  cast.s  of  crinoids  and  blastoids 
from  the  Burlington  limestone. 
Am.  Geoli^gist,  vol.  6,  pp.  66, 67. 
Includes  brief  rvference  to  the  components 
of  the  furmation  in  Pike  County,  Missouri. 

RUSSELL,  Israel  C.  Quaternary  history 
of  Mono  Valley,  California. 

U.  S.  Geol.  Survey,  Sth  Report,  J.  W. 
Powell,  pp.  261-304.  pis.  l^-U.    1880. 

Abstracts.  Am.  Geologist,  voL  6,  pp.  54-56 ; 

Am.  Jour.  Sci. ,  3d  series,  vol.  39,  p.  402, }  p. 

Lacustral.   gUcial.   and  volcanic  deposits, 

phenomena  and  history ;  and  poet-Quaternary 

orographic  movementa. 

Not«s   on    the   snrface   geology  of 

Alaska. 

Geol.  Soc.  Am.,  BnU.,  voL  1, pp. 00-154-155, 
pi.  2. 

Abstracts.  Am.  Geologist,  vol.  5,  p.  118-118, 
I  p. ;  Am.  Naturalist,  vol.  24.  p.  208, 4  lines. 

Physiography.  Geology  of  the  Yukon  River. 
The  tundm,  liock  decomposition.  Glaoiation 
terraces.  Lake  Yukon.  Existing  glaciers. 
Discussed  by  N.  &  Shaler  and  T.  C.  Chamber- 
lin.  pp.  155-156. 

Ice  cliffs  on  Kowah  River,  Alaska, 

observed  by  Lieutenant  Cantwell. 
Am.  Geologist,  vol.  6,  pp.  49. 50. 
Pre««entiiig  a  letter    from    J.  C.  Cantwell, 
which  briefly  describes  the  ice  cliffs  and  dis- 
cusses their  nature  and  binlory. 

RUTLET,  F.    Composile  sphernlites  in 

obsidian  from  Hot  Springs,  California. 

Geol.  Soc.  Quart.  Jour.,  vol.  46,  pp.  423-427. 

Abstract,  Am.  Naturalist,  voL  24,  pp.  1188, 

1180,  8  lines. 

Discusses  the  origin  of  the  spherulitio 
structure.    Petrographic. 


S. 


[ S AFFORD,  James  M.  ]    Tennessee. 

Macfarlane's  G^l.  Railway  Guide,  2d  edi- 
tion, pp.  401-105. 
Geological  notes  for  railway  stations. 

ST.  JOHN,  Orestes.    Kansas. 

Macfarlane's  Geol.  Railway  Guide,  2d  edi- 
tion, pp.  274-280. 
Geological  notes  for  railway  stations. 

SAMPSON,  F.  A.    A  bibliography  of 
the  geology  of  Missouri. 

Missouri  Geol.  Survey,   Bull.,  No.  2,  158, 
xvin  pages. 

SAVILLE,  M.  H.   The  Sanboru  bo\ylder. 
Boston   Soc.  Nat.  Hist.,  Proc,  vol. '.'4,  pp. 


SAVILLE,  M.  H.— Continued. 

Description  of  the  bowlder  and  discussion 
of  its  source  and  the  condition  under  which  it 
was  transported. 

School  of  Mines  Quarterly,  voL  11, 
parts  2  to  4. 
Geysers,  Weed. 

Science,  voL  15. 

Nicaragua  footprints,  Flint. 

Fossil  plants,  British  Columbia,  Daw- 
son, J.  W. 

Nova  Scotia  Carboniferous  conglom- 
erate, Gilpin. 

Southern  invertebrates  ^^m  shones 
Acadia,  GANONG.uzecl  by  VotOOQlC 
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Science— Con  tinnod. 

,  VOL  16. 

Chalk  froraKaii«a.s,\ViLLiSTON.  Daw- 
son, G.  M. 

Geology  of  Quebec,  Ami.  Selwyn. 
£ll8. 

Hypothesis  for  oncroacb meats  of  sea, 
Thompson,  G. 

SCOTT,  William  B.  Geological  and 
fauiinl  relations  of  the  Uinta  forma- 
tion. 

Tbe  Mammalia  of  the  Uinta  formation.  Am. 

Phil.  Soc.,  Trana.,  vol.  18,  (new  seriea),  pp. 

461-470. 

Abstract,  Am.  Naturalist,  vol.  24,  p.  470,  |  p. 

Review  of  structural,  8trati;;raphic,    and 

paleontological  evidone. 

I ]  [Notes iu  Wyoming  and  Idaho.] 

Macfarlane*s  aaol.  Railway  aoide,  2d  edi- 
tion, p.  312. 

Geological  notes  for  stations  on  Union 
Pacific  RailroMl  from  Granger,  Wyoming,  to 
Sqaaw  Creek,  Idaho. 

Scottish  Geographical  Magazine,  vol.  6. 
Geological  map  ^f  tbe  world,  Bar- 
tholomew. 

8EAMON,  W.  H.    Tallow  clays. 

Sci.  Am.  Snpt.,  voLSO,  p^  12287,  U  col-*  No. 
760, 4<^.,  from  Scientia  Baccalanrens. 

Abstract,  School  of  Mines,  Qnart.,  voLll, 
p.  176,  4  p. 

Analyses  of  82  specimens  from  Misaonri  lead 
regions. 

Tbe  zinciferons  clays  of  southeast 

Miasonri  and  a  theory  as  to  the  growth 
of  the  calamine  of  that  section. 

Am.  Jonr.  Sci.,  3d  series,  vol.  30,  pp.  38-42. 
Conditions  of  oociirrenco,  cliemical  compo- 
sitiou,  and  relations  to  the  zinc  deposits. 

SEELT,  Henry  M.,  BRAINERD,  Ezra 
and.  The  Calciferous  formations  in  tbe 
Cbamplain  Valley. 

Geol.  Soc.  Am.,  Bnll.,  vol.  1,  pp.  501-511. 

Am.  Mns.  Nat.  Hist.,  Bull.,  vol.  3,  pp.  1-23. 

Abstracts.  Am.  Geologist,  vol.5,  p.  120,  7 

lines ;  Am.  Jonr.  Sci.,  3d  series,  vol.  30,  pp, 

23&-238 ;  Am.  Naturalist,  vol.  24,  p.  055,  6  lines. 

Distribution,  stratigraphy,  detailed  descrip 

tions  of  sections,  and  correlation  of  Fort  Cas- 

sin  strata  and  members  of  Phillipsbarg  series. 

[SEELET,  H.  G.]  [Remarks  on  tbe 
origin  of  tbe  basins  of  tbe  Great  Lakes 
of  America.] 

Geol.  Soc.,  Quart.  Jour.,  vol.  46,  p.  533,  ^  p. 
Discussion  of  paper  by  that  title  by  J.  W. 
Spencer. 


SEARS,  John  U.  Tbe  stratified  rocks  of 
Espex  County. 

Essex  Inst.,  Bull.,  vol. 22,  pp. 91-47. 
Descriplioo  of  the  more  or  less  met  amorphic 
rocks,  including  oleneDna  limestones,  tbeir 
petrography,  distribution,  relations,  and  aaao- 
oiated  ompttves. 

SBL"WTrN,  Alfred  R.  C.  Summary  re- 
ports of  tbe  operations  of  tho  Geological 
Survey  for  tbe  years  1887  and  1888, 

Canada,  Geol.  Snrrey,  Reports,  voL  3,  new 
series,  part  1,  Report  A,  pp.  117, 1888. 

Includes  extracts  from  reports  of  assintanta 
as  follows :  G.  M.  Dawsou  in  Yukon  region 
and  southern  interior  of  British  dohimbia ;  R. 
G.  Mc(>onnell  on  the  lower  Liard  River;  J.  B. 
Tyrrell  in  Duck  and  Riding  Mountains  region 
and  in  northwestern  Manitoba;  A.  P.  Low  in 
the  Hudson  Bay  region ;  R.  Bell  in  north  weat- 
em  Quebec  and  adjoining  regions;  F.  D. 
Adams  in  eastern  townships  of  Quebec ;  R.  W. 
Ells  in  southeastern  Quebec;  J.  C.  K.  Laflamme 
on  north  side  of  the  St  Lawrence  above  Qne- 
bec;  L.  W.  Bailey  and  William  Mclnnes  in 
northern  New  Brunswick;  B.  Chalmers  on 
surface  geology  of  New  Brunswick;  J.  F. 
Whiteaves  on  age  of  fossils  collected  by  Mc- 
Connell  on  Liard  River;  A.  Bowman  on  sea- 
board British  Colnmbia ;  H.  Fletcher  on  Pio- 
ton  and  Colchester  Counties,  Nova  Scotia,  and 
£.  R.  Faribault  on  gold-bearing  belt  in  Halifax 
County.  Also  a  brief  reference  to  rocks  and 
relations  at  gold  mine  near  Whitefisb  station. 
C.P.R.R.  (p.50). 

Tracks  of  organic  origin  in  rocks  of 

the  Animikie  group. 

Am.  Jour.  Sci. ,  3d  series,  vol.  30,  pp.  145- 
147. 

Prefatory  to  letter  by  G.  F.  Matthews  in  re- 
gard to  the  nature  of  the  tracks.  Sti^ment 
of  opinion  in  regard  to  age  of  containing 
rocks. 

Tbe  geology  of  Quebec  city. 

Science,  vol.  16,  p.  350, 1^  cols.    4^ 
Brief  review  of  relations  and  equivalency  of 
the  rocks  at  Quebec. 

SHAIiER,  N.  S.  Report— Division  of 
coast-line  geology.  ^ 

U.  S.  Geol.  Surrey,  Eighth  Report,  J.  W. 
Powell,  pp.  125-128,   1^89. 

Includes  references  to  studies  of  elevated 
coast  lines  in  Maine  and  New  Hampshire  and 
observations  by  Robert  Robertson  on  <tistri> 
bntion  of  magnetic  iron  and  salt  water  in  tho 
drift  formations  of  New  England. 

The  geology  of  tbe  Island  of  Mount 

Desert,  Maine. 

U.  S.  Geol.  Survey,  Eighth  Report,  J.  TV. 
Powell,  pp.  087-1061,  pla.  64-76.    1889. 
Abstract,  Am.  Geologist,voL  6,  pp.  197-108. 

Digitized  by  LjOOQIC 
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tALBR,  N.  8.— Contiuued. 

Deficriplioo  of  luperfloinl  deposits,  i^raiiitos, 
stratified  reeks,  ftnd  glacial  phenomena,  and 
discnsaion  of  evidence  ot  glacial  and  post- 
glscial  sabsidenoe  and  of  the  orin^n  and  pbys- 
leal  history  of  the  Hoont  Desert  rocks.  Ulna- 
trated  by  colored  geologic  maps. 

-  Report— Atlantic  coast  divisioD. 

U.  S.  asol.  Surer,  Hinth  Report,  J.  W. 
Powell,  pp.  7!-74.   1889. 

Inclades  brief  references  to  evidence  of 
wave  action  at  the  peak  of  Wacbosett,  llassa* 
chnaetts,  and  in  the  Catsklll  Mountains  in 
NewTork;  ocoorrenoe  of  Cretaceoas  fossils  ou 
Bklartha's  Yineyard;  metaniorphism  of  Car* 
boniferons  beds  in  Rhode  Island;  causes  of 
nndnlatioos  of  sandy  deposits  in  lake  district 
if  Florida ;  proofs  of  periods  of  elevation  and 
mbsidence  of  Florida,  and  sobdivisions  of  the 
notamorphio  rocks  west  of  Attleborongh, 
liassachnsett^, 

-  The  geology  of  Cape  Ann,  Massa- 
lUsettB. 

IT.  S.  Geol.  Surrey,  Ninth  Report,  J.  W. 
Powell,  pp.  629-611,  pis.  32-37.  1889. 

Abstract.,  Am.  Geologist,  vol.  7,  p.  201,  |  p. 
1891. 

General  geologic  and  geographic  relations 
)f  Cape  Ann  district;  nature  and  distribution 
)f  drift  deposits ;  amount  of  erosion  during 
he  glacial  period;  postglacial  erosion,  ma- 
'ine  and  atmospheric;  recent  changes  of 
evel;  marshes;  physical  structure  of  bed 
-ocks,  dikes,  Joint  planes,  and  general  petrog- 
aphy.    With  colored  geologic  maps. 

On  the  occurrence  of  fossils  of  the 
-etaceons  age  on  the  island  of  Mar- 
a's  Vineyard,  Massaebnsetts. 

Harvard  OoU.,  Mus.  Oomp.  Zool.,  Bull.,  vol. 
6,  pp.  69-97,  pis.  1, 2.  1889. 

Description  of  the  relations  of  the  fossiUf. 
rous  beds. 

[Remarks  on  conditions  attending 
PleiHtocene  snbmergence  on  the  At- 
itic  coast] 

Geol.  See.  Am.,  Bull.,  vol.  1, p.  409,  |  p. 
Discuaaion  of  this  submergence  in  conneo- 
on  with  the  cause  of  the  last  glacial  period. 

The  topography  of  Florida. 
Harvard  OoU.,  Mus.   Oomp.  Zool.,  Bull., 
9l.  16,  pp.  139-156,  pi. 

Abstract.  Am.  Naturalist,  vol.  24,  p.  768,  ^ p. 
Seta  forth  a  hypothesis  of  the  origin  of  the 
loridian  peninsula  and  the  West  India 
lands  and  points  out  the  probable  stmo- 
iral  similarity  to  the  Cincinnati  arch.  Clas* 
6es  1  he  topographic  features  of  the  State 
id  diacuases  their  history  in  some  regions, 
escribes  the  ooriI  reefs  on  the  southeastern 
•a»t,  their  effect  oirdraiuage,  erosion,  extent 


8HAIJ3R,  N.  8.- Continued. 

northward,  and  evidence  of  subsidenoe.    Inei- 
dentslly  refers  to  origin  of  kamea. 

Tertiary  and  Cretaceous  deposits  of 

eastern  Massacfansette. 

Oaol.  Soo.  Am.  ,BuU.  ,to1.  1,  pp.  44»-462,  pi.  9. 

Abstracts,  Am. Geologist,  vol.  6,  p  118,  {  p.; 
Am.  Naturalist,  vol.  24,  p.  210  ^  p ;  Sdenoe, 
voL  15,  p.  10.  i  col.  4P, 

Discussion  of  structure  and  age  of  dislooa- 
tions,  ages  of  the  various  deposits  and  gla- 
cial origin  of  bowlder  beds  containing  fhig- 
ments  of  osseous  conglomerate.  Description 
and  plate  of  detailed  sections  at  Qay  Head 
and  from  Vineyard  Sound. 

Note  on  glacial  climate. 

Boston  Soo.  Nat.  Hist.,  Froo.,  vol.  21,  pp. 
460-465. 
Abstract,  Am.  Geologist,  vol.  fi,  p.  124,  ^  p^ 
Discusbes  the  southward  extension  of  the 
glacial  ice  line  along  the  Appalachians,  the 
Rooky  Mountains,  and  in  Europe ;  evidences 
of  glaoial  action  aifurded  by  certain  high  level 
gravel  deposits  in  the  mountains  of  Virginia; 
position  of  the  glacial  snow  line  in  America; 
evidenoe  that  the  southern  United  States 
were  considerably  elevated  during  the  glacial 
period;  rainfall  do  ring  glacial  period,  and 
climate  immediately  preceding  that  period. 

Note  on  the  value  of  saliferons  de- 
posits as  evidence  of  former  climatal 
conditions. 

Boston  Soc.  Nat.  Hist.,  Proo.,  vol.  24,  pp. 
680^585. 

Discusttioo  of  the  conditions  under  which 
salt  was  deposited  at  various  geologic  times. 

SHARP,  Benjamin.  An  acconnt  of  the 
Yincelonian  volcano. 

Philadelphia  Acad.  Nat.  Sciences,  Proc., 
189,  pp.  289-205.  pi.  4. 
Ou  the  island  of  St  Vincent,  West  Indies. 

8HIMEK,  B.    The  loess  and  its  fossils. 

Iowa  Lab.  of  Nat.  Hist.,  Bull.,  vol.  1,  pp. 
200-214.  vol.  2,  pp.  89-98. 

Abstract,  Am.  Jour.  Soi.,  3d  series,  vol.4, 
p.72,  ip.,1891. 

Includes  a  discussion  of  the  bearing  of  the 
palcontologic  evidence  as  to  the  physical  and 
climatic  conditions  under  which  the  loess 
was  deposited. 

BHITTT,  F.  T.,  LAWSON,  A.  C.  and. 
Petrograpbical  differentiation  of  cer- 
tain dikes  of  the  Rainy  Lake  region. 
[Abstract.] 

Am.  Assoc.  Adv.  Sci.,  Proc,  vol. 88,  pp. 246- 
247,  I  p. 

Discussion  of  structural,  mineralogicai, 
and  chemical  variations  in  different  parts  of 
the  same  dike. 
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Silurian. 
Aitpalachiau.      (Maine    to    Alabama.) 

Grapiolites  from  northern  Maine, 
Dodge. 

Areas  of  continen  tal  progref)s  in  North 
America,  Dana. 

New  Branswick  and  Maine,  Bailky. 
Bailry  an«l  McInnrs. 

Geology  of  Mount  Deaert,  Shalvr. 

Fauna  of  rooks  at  Fort  Cassin,  Ver- 
mont, WllITPIKLD,  R.  P. 

Eolian  limestone,  Hitchcock. 

Calciforons  in  Cbamplain  Valley, 
Brainbrd  and  Seely. 

Calciferous  formations,  Walcott. 

Lower  and  middle  Taconic,  Marcou. 

Survey  of  Minnesota,  1888,  Review, 
Dana. 

Rooks  of  Essex  County,  Massacha- 
setts,  Sears. 

Iron  ores  of  the  United  States,  Hunt, 
T.  S. 

Taconic  iron  ores,  Winch  ell,  N.  H. 
and  H.  V. 

Report — Division  of  Arohean  geol- 
ogy. ^^  S.  Gool.  Survey,  Pumpelly. 

Studies  of  hornblende  schist,  Hitch- 
cock. 

Reporc — Division  of  Paleozoic  inver- 
tebrates, U.  S.  Geol.  Survey,  Wal- 
cott. 

Report— Paleozoic  division  of  Pale- 
ontology, U.  S  Geol.  Survey,  Wal- 
cott. 

Siderite  basin  of  Hudson  River  epoch, 
Kimball. 

Unconformity  in  the  valley  of  the 
Hudson,  Davis. 

Sail fe reus  deposits  as  evidence  of 
climat.al  conditions,  Shaler. 

Iron  mines  of  New  York,  Smock. 

Rock  salt  deposits  of  western  New 
York,  Newberry. 

Metamorphic  strata  of  southeastern 
New  York,  Merrill,  F.  J.  H. 

Fossils  in  Dutchess  County,  New 
York,  D WIGHT. 

Fossils  at  Pleasant  Valley,  New  York, 

DWIGUT. 

Silurian  fossils  in  Columbia  County, 
New  York,  BiSHor.  ^ 

Macfarlane's  Railway  Guide,  Camp- 
bell. Crosby.  Dana.  Dahton. 
DwiGHT.  Ford.  F  o  n  t  a  i  n  e. 
Hitchcock.     Hunt,  T.  S.     Les- 


Siluriaii — Continued. 

LEY.  Lindsky.  McCut  (*  h  k  n  . 
Sakforix  Smock.  Smith  and 
Gkbngr.    Williams,  H.  S. 

Fossils  in  Hillsdale,  New  York,  Dana. 

Thickness  of  rocks  in  west  central 
New  York,  Prosser,  C.  S. 

Analysis  of  dolomite  from  Westches- 
ter  County,    New    York,    Hillk- 

BRAND. 

Locality  numbers,  Haij.. 

Traps  of   Newark    system    in   New 

Jersey,  Darton. 
Making  of  Pennsylvania,  Claypolk. 
Casts    of    scolithuB,    Pennsylvania, 

Wanner. 
Fossils   in   cav^  in   Pennsylvania, 

Leidy.  ^ 

Dikes  in  Appalachian  Virgii.ia,  Dar- 
ton. 
Middleborough,  Kentucky,  Boyd. 
Oil  field  of  Barren  Coanty,  Ke..tucky, 

Fischer. 
Analyses  of  dolomite  and  ciny,  Mor- 
ris ville,  Alabama,  Hillkbisand. 
Warren's  geography,  Brkwkr. 
Central    and   tlestern   Statet,     Central 

Basin  of  Tennessee,  Kennedy. 
Cave  in  Clinton  formation  of  Ohio, 

James. 
Origin  of  pressure  of  gas  in  Trenton 

limestone,  Orton. 
Geological  Survey  of   Ohio,  report, 

Orton. 
Causes  of  extinction  of  species,  Mc- 

Creery. 
Analyses  of  limestones  from  Ohio  and 

Indiana,  Clarke,  F.  W. 
Area's  of  continental  progress,  Dana. 
Sylvania  sand  in  Ohio,  Nrff. 
Trenton  limestone  oil  and  gas,  Orton. 
Petroleum  at  Terre  Hante,  Indiana, 

Waldo. 
Artesian  waters  from  drift,  Illinois, 

Rolfs. 
Deep  well  at  Dixon,  Illinois,  Tiffany. 
Maqnoketa  shales  in  Iowa,  James. 
Zinciferous  clays  of  Missouri,  Sba- 

mon. 
Building  stones  of  Missouri,  Ladd. 
Indian    Territory    and   Red    River, 

Hill. 
Drainage  of  central  Texas,  Tarr. 
Carboniferousof  central  Texas,  Tarr. 
Review  of  Texas  geology^ Bumble. 
Digitized  by  VjOOQIC 
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Silurian— Coutiuiied. 

CVntral    mineral    region    of   Texas, 

Com  STOCK. 
Extinct      Yolcauoen     of    Colorado, 

Lakes. 
Warren^H  geography,  Brkwkr. 
Macfarlane's  Railway  (»uide,  Broad- 

HBAD.       CUAMBKRI.IN.       COLLKTT. 

DawboN|G.  M.  Emmons.   Hague. 

IjOUGHRIDOE.       McCfEK.      Orton. 

Procter.  Saffokd.  Wjnchkll, 

A.     WORTHEN. 

Canada^  Northern  New  Branswick  and 
Maine,  Bailey  and  McInnes. 

Lake  St.  John  country,  Chambers. 

Acadian  and  8t.  Lawrence  water- 
abed,  Bailey. 

Areas  of  continental  progress,  Dana. 

Investigations  in  New  Brauswick, 
Bailey. 

Geology  of  Ontario,  Bell. 

History  of  Qaebec  groap.  Hunt. 

Report  on  Quebec,  Ells. 

Review  of  Ells  on  geology  of  Qaebec, 
Walcott. 

Geology  of  Quebec  City,  Ami.  Ells. 
Selwyn. 

Lower  and  middle  Taconic,  Marcou. 

St.    Lawrence   Valley,    Ells.     La- 

FLAMMB. 

Geological  classification  for  Quebecy 

Marcou. 
Quebec  and  Taconic,  Am.  Geologist. 
Lake    Temiscaming    and   Montreal 

River  region.  Bell. 
Qaebec  group  oi  Logan,  Dawson,  J. 

W. 
Stratigraphy    of    ''Quebec    group," 

Ells. 
Lower    Helderberg    of   St.    Helens 

Island,  Deeks. 
Pre-Paleozoic    surface   of    Canada, 

Lawson. 
Gas  in  eastern  Ontario,  Ashburner. 
Fossil   sponges   from   Little   Metis, 

Dawson,  J.  W. 
Fossils  from  Manitoba,  Whiteaves. 
Fossil  plants  from    Mackenzie  and 

Bow  Rivers,  Dawson,  J.  W. 
Caribou  district,  British  Columbia, 

Bowman. 
Yukon  district,  Dawson,  Q.  M. 
Warren's  Geography,  Brewer. 
Macfarlane's  Railway  Guide,  Daw- 
son, G.  M. 


Silurian —( -o  D  ti  n  ued . 
Komenvlainre :   Value  of  term  **  Hud- 
sou  River  group,"  Walcoit. 

Iron  ores  of  the  United  StateS,  Hunt, 
T.  S. 

Lower  and  middle  Taconic,  Marcou. 

Silnrian  system  of  rocks,  Murcuison. 

Sedgwick  and  Mnrchison :  Cambrian 
and  Silurian,  Daka. 

Area  of  continental  progress  in  North 
America,  Dana. 

Hercynian  question,  Clarke,  J.  M, 
Walcott. 

Quebec  group  of  Logan,  Dawson,  J. 
W. 

[SMITH,  Engene  A.  and  aUSNER, 
William],  Alabama. 

MaofarUne'saeol.  RftUway  Guide,  2d  edi* 
tion.  PP.378-3S2. 
Oeolof^ioal  uotea  for  railway  staiiont. 

[SMITH,   W.    H.]    [Notes  on  Hunter 
Island  and  Seine  River  sheet.] 

Canada,  Geol.  Survey,  Reports,  vol.  8,  new 
eeriee,  part  IJReport  A,  pp.  76-77.    188& 

Brief  reference  to  distribntion  of  the  oryb- 
talltne  rocke. 

Smithaonian  Inatitutioii,  Annual  Re- 
port, 1836,  part  *2. 
Bnildiug  stones  in  the  National  Mu- 
seum, Merrill. 

,  1888  (parti). 

Geology  for  1887  and  1888,  McGee. 
Paleontology  of  1887  and  1888,  WiL- 

LIAMS,  H.  S. 

Petrography  for  1887  and  1888,  Mer- 
rill, G.  P. 

SMOCK,  John  C.    Iron  mines  and  iron 
ore  districts  in  the  State  of  New 
York. 
N.  T.  State  Mnsenm,  BoU.,  No,  7, 70  pages, 
map.    1889. 

With  incidental  references  to  geologic  rel^ 
tions. 

,  New  .Jersey. 

Macfarlane's  Gteol.  Railway  Qnlde,  2d  edi- 
tion, pp.  139-149. 

Tables  of  formations  of  the  State  and  geo- 
logical notes  for  railway  stations. 

South  America.    Fernando  de  Noronha, 
Brannsr. 
Ore  deposits  of  Minas  Geraes,  Brazil, 

Mezgsr. 
Sergipe-Alagoas  basin,  Brazil,  Bran- 
nsr. /-^  T 
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South  Carolina.  Appomattox  t'ormation, 
McGbe. 
Extent  of  Pleistocene  submergence, 

McGke. 
Macfarlane's  Railway  Guide,  Ham- 
mond. 
Warren's  Geography,  Brewer. 
SPENCER,  J.  W.    Tbe  Iroqnois  beach ; 
a  chapter  in  the  geological  history  of 
Lake  Ontario. 

Canada,  R07.  Soo.,  Trana. ,  vol.  7,  Seo.  iv, 
pp.  121-184. 

Abatracta,  Science,  Jan,  1888;  i^m.  Natural- 
let,  vol.  24,  p.  957,  i  p. ;  Am.  Geologiat,  vol.  6, 
pp.  311-4)12. 

Deaci-ipUon  of  the  beach  and  disouaeion  of 
the  glacial  and  poat-glaclal  history  of  the 
region. 

The  deformation  of  Iroquois  beach 

and  birth  of  Lake  Ontario. 

Am.  Jonr.  Sci.,  3d  aeriee,  vol.  40,  pp.  44a-451. 
More  in  regard  to  the  Iroquois  beach  and 
the  history  of  the  Lake  Ontario  basin. 

The  hiifh  continental  elevation  pre- 
ceding the  Pleistocene  period. 

G-eol.  Soc.  Am.,  Boll.,  vol.  1,  pp.  65>70. 
aeologloal  Magazine,  3d  decade,  vol  7,  pp. 
208-213. 

Abstract,  Am.  Natnraliat,  vol.  24,  pp.  057- 
058,  i  p. 

Discassion  of  the  evidence  in  various 
regions. 

Ancient  shores,  bowlder  fragments, 

and  high  level  gravel  deposits  in  the 
region  of  the  Great  Lakes. 

Oeol.  Soc.  Am.,  Bnll.,  vol.  1,  pp.  71-86. 
Description  of  the  phenomenaanddiscnssion 
of  their  history  and  bearing. 

[Remarks  on  rounded  rock  surfaces 

dae  to  causes  other  than  glacial  ero- 
sion.] 

Oeol.  Soc.  Am.,  Boll.,  vol.  1.  p.  175,  |  p. 
Instances  Stone  Moantain  in  Georgia. 

[Remarks  on  evidence  of  a  general 

Pleistocene  submergence.] 

Oeol.  Soc.  Am.,  Bnll. ,  vol.  1,  p. 409,  i  p. 

Brief  references  to  occurrence  and  history 
of  certain  bowlder  deposits  in  northwestern 
Canada,  to  the  bearing  of  the  old  beaches  of 
the  Great  Lakes  and  the  Northwest,  and  to 
the  occurrence  of  Pleistocene  deposlfa  at  high 
altitude  in  Alabama. 

[Remarks  on  the  distribution  and 

dilferentiatiou  of  certain  gravel 
deposits  in  Ontario.^ 

Greol.  Soc.  Am.,  Bull.,  vol.  1,  p.  546,  {  p. 
Discussion  of  paper  by  G.  P.  Wright    "  A 
moraine  of  reofssion  in  Ontario.*' 


SPENCER.  J.  W.—Continued. 

Drpartment  of  geology.  *<  Southern 

Drift  ^'  and  its  agricultural  relations. 
Ball.  Exp.  Sta.,  Ga.,  1690,  pp.  5.  [Noth- 
ing farther  is  known  of  the  status  of 
this  pamphlet.] 

A  brief  description  of  the  ohanuiteristlcs 
and  r^atioos  of  the  Tuscaloosa,  Appomattox, 
and  Columbia  formations  in  the  central 
Georgia  region. 

Origin  of  the  basins  of  the  Great 

Lakes  of  America. 

Geol.  Soc.  Quart.  Jour.,  vol.46, pp. 523-531, 
633. 

Abstrncts,  Geol.  Magazine,  3d  decade.  voL 
7,  pp.  281-282,  i  p. ;  Am.  Naturalist,  vol.  25.  p. 
276,4  p.    1801. 

A  general  discussion  of  their  origin  and 
history. 

The  northeastern  extension  of  the 

Iroquois  beach  of  New  York. 

Am.  Geologist,  vol.  6,  pp.  294-295,  {  p. 
Abstract,  Popular  Science  Monthly,  vol  37, 
p.  718.4  col. 
Elevations.    Warpings.    Topography. 
STEVENSON,  J.  J.   [Remarks  on  shear 
in  earth's  crust  movements  and  to  the 
'  fractured  condition  of  Pocono  strata  in 
Bedford  Connty,  Pennsylvania.] 
Geol.  Soc.,  Am.,  Bull.,  vo!.  J,  p. 26,  f  p. 
In  discussion  of  paper  by  G.  K.  Gilbert  "The 
strength  of  the  earth's  crust." 

[Remarks  on  tbe  differentiation  of 

the  Colorado  group  in  Colorado  and 
New  Mexico.] 

Geol.  Soc.  Am.,  Bull.,  vol.  1,  p.  632.  |  p. 
Am.  Naturaliat,  vol.  24,  pp.  668-569. 
Discussion   of  paper  by   J.  S.  Newbeny. 
'*  The  Laramie  group." 

STONE,  George  H.  Classification  of  the 
glacial  sediments  of  Maine. 

Am.  Jour.  Sci.,  3d  series,  vol.  40,  pp.  122- 
144. 

Abstract,  Am.  Geologiat,  vol.  7,  pp.  136-137. 
1891. 

Includes  discussions  of  tbetr  relations  and 
history  and  conditions  of  deposition. 

STORMS,  W.  H.    The  mines  of  Calico 
district,  California. 

Engineering  and  Mining  Jonr.,  vol.  49,  pp. 
882-383,  4°. 
Description  of  geologic  featnres. 
Arizona's  new  bonanza. 

Engineering  and  Mining  Jonr.,  voL  50,  pp. 
162-163,4°. 

Includes  brief  statements  In  regard  to  geol- 
ogy and  a  cross-section  of  mine  at  Hillside, 
Yavapai  County.  ^-^  j 
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JTRBBRXTWITZ,  W.  vou.  Geology  of 
Trans-Peooe/rexas.  Preliminary  state- 
nieut. 

T«XM  aeoL  Sorrey,  Piwt  Annnal  Report, 
pp.  217-233. 


STREERtTWITZ,  W.  von.— Continued. 
Topography ;     Carboniferoaa,    Cretaceous, 
and  Pleintoceue  forinatiouii ;    iut)tauii)rpUics, 
oruptivea,  and  eoououiica. 


T. 


?ARR,  Ralph  S.  A  preliminary  report 
on  the  coal  fields  of  the  Colorado 
River. 

Texaa  Gaol.  Survey,  First  Annual  Report, 
pp.  199-216. 

Carboniferona    atratigrnphy,    relations  to 
asflociHted  formations  and  coals. 

—  Drainage  systems  of  New  Mexico. 
Am.  Oeologiat,  vol.  5,  pp.  201-270. 
General  description  of  their  relations  and 

dUoussion  of  the  history  of  their  develop- 
ment. 

The  Carboniferons  area,  of  central 

Texas. 

Am.  Oeologiat,  vol.  6,  pp.  145-153. 
Extent,  stratigraphy,  subdivisions,  thick- 
ness,  structure,  history,  relations  to  Silurian, 
and  erosion  of  the  Cretaceous. 

Origin  of  sora^ topographic  features 

of  central  Texas.  • 

Am.  Jour.  Sol.,  3d  series,  vol.  39,  pp.  306- 

311. 

Disouasion  of  the  topographic  development 
of  the  region  with  a  prefatory  account  of  the 
geologic  history  of  the  formatious. 
On  the  lower  Carboniferous  lime- 
stone series  in  central  Texas. 

Am.  Jour.  Sol. ,  Sd  series,  vol.  39,  p.  404,  i  p. 

Brief  account  of  Carboniferous  stratig- 
raphy and  relations  of  Silurian  formations 
in  central  Texas. 

—  Superposition   of  the   drainage  in 
central  Texas. 

Am.  Jour.  Sci.,  3d  series,  vol.  40,  pp.  369- 
362. 

Discussion  of  the  relations  and  history  of 
the  Colorado  and  Brazos  River  systems. 

—  Erosive  agents  in  the  arid  regions. 
Am.  Naturalist,  vol.  24,  pp.  455-459. 
Brief  review  of  the  various  inorganic  and 

organic  agencies. 
'echnology   Quarterly,    voL    3,   Nos. 
1-3. 
Kaolin  in  Blandford,  Massachusetts, 
Crosby. 

'ennessee,  Appomattox  formation,  Mc- 
Gkk. 
Calciferons  formation,  Walcott. 


Tennessee — Continued. 
Central  basin,  Kennedy. 
Macfarlane's    Railway   Guide,   Saf- 

FORD. 

Warren's  Geography,  Brewer. 
Tertiary.    Atlantic   coast  plain  (Massa- 
chusetts to  Sonth  Carolina). 

Cretaceous    plants,   Martha's    Vine- 
yard, White,  D. 

Cretaceous    fossils,    Martha's    Vine- 
yard, Shalbr. 

Deposits  of   eastern  Massachusetts, 
Shaler. 

Gay    Head,    Massachusetts,   Clark. 
Merrill,  F.  J.  H. 

Analyses  of  clay  sind  sands  from  Gay 
Head,  Clarke,  F.  W.    Riggs. 

Ancient    shore   lines,  Merrill,    F. 
J.  H. 

Fiords    and    great   lake    bdsins    of 
North  America,  Upham. 

Long  Island  Sound  and  submerged 
channel  of  the  Hudson,  Dana. 

Development  of  northern  New  Jer- 
sey, Davis  and  Wood. 

Artesian  wells,  Atlantic  City,  Wool- 
man. 

Report— Division  of  Cenozoio  inver- 
tebrates, U.  S.  Geol.  Survey,  Dall. 

Artesian  wells,  New  Jersey,  Nason. 

Traps  of  New  Jersey  region,  Dar- 

TON. 

Warren's  Geography,  Brewer. 

Southern  Maryland  and  Virginia, 
Clark. 

Potomac  flora,  Fontaine. 

Cape  Fear  River  region,  North  Caro- 
lina, Clark. 

Distribution  of  fossjl  plants.  Ward, 
L.  F. 

Southern  extension  of  Appomattox 
formation,  McGeb. 

Macfarlane's  Railway  Guide, 
Chance.  Chester.  Crosby. 
Fontaine.  Hammond.  Hitch- 
cock. Johnson.  Rogers. 
Smock.    Uhler.  ^  j 
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Tertiary— Cod!  iiiinil. 

Guff  states  (Klorula  to  Texas),  Phos- 
phates  ')f   Florida,  Cox.     (Gold- 
smith.    LkDOUX.     WVA'IT. 
Structure  of  oil-bearing  strata. 
Report — DiviHion  of  Cenozoic  inver- 
tebrates,   U.     S.    Geol.     Survey, 
Dall. 
Observations  on  soathern    Florida, 

WlLLCOX. 

Tertiary  fauna  of  Florida,  Dall. 
Topography  of  Florida,  Shalkr. 
Orange  sand  formations,  McGkr. 
Southern  extension  of  Appomattox 

formation,  McGeb. 
Peculiarities  in  drainage,  McGrr. 
Mon    Louis     Island,    Mobile    Bay, 

Lanodox. 
Southern  drift  of  Georgia,  Spkncrr. 
Saliferons  deposits   as   evidence    of 

climatal  conditions,  Shalkr. 
Report — Lower  Missis:. 'ppi  division, 

U.    8.    Geol.    Survey,    JouNSOX, 

L.  C. 
Analysis  of  marble  from  Louisiana, 

UlLLEBRAND. 

Geographic  features  of  Texas,  Hill. 
Permian  of  Texas,  Cummins. 
Pilot  Knob,  Texas,  Hill. 
Division  of  Mesozoic  invertebrates, 
U.  S.  Geo!.  Survey,  White,  C.  A. 
•  Central  Texas,  Tarr. 
Report  on  Gulf  Tertiaries  of  Texas, 

Penrose,  R.  A.  F. 
Review  of  Texas  geology,  Dumble. 
Macfarlane's  Railway  Guide.  Smith 
andGESNER.  Hilgard.  Johnson. 
McOutchen. 
Warren's  Geography,  Brewer. 

Jrkavsas  to  Kansas,   Crowley's  Ridge, 
Arkansas,  Call. 
Eastern  Kansas,  Call. 
Lineage  of  Lalce  Agasaiz,  Todd. 
Kansas  salt  mine,  Hay. 
Southwestern  Kansas,  Hay. 
Macfarlane's  Railway  Guide,  LouGH- 
ridge.    Owen.    St.  John. 

BriH$k    Columbia,      Caribou    district, 
Bowman. 
Fossil  plants,  Dawson,  J.  W. 
Distribution  of  fossil  plants.  Ward, 
L.  F. 

Mineral  wealth,  Dawson,  G.  M. 
Notes  on  Cretaceous,  Dawson,  G.  M. 


Tertiary— Continued. 

Sealio.ird  of  British  Columbia,  Bow^- 

MAN.        * 

Serpentines  of  Canada,  Giroux. 

Southern  interior  British  Columbia, 
Dawson,  G.  M. 

Yukon  district,  Dawson,  G.  M. 

Laramio  and  its  associates,  Tyrrrll. 

Macfarlane's  Railway  Guide,  Daw- 
son, G.  M. 

Central  and  westfrn  United  States,   Re- 
port—Division of  Pfileobotany,  U. 
S.  Geol.  Survey,  Marsh. 
Distribution  of  fossil  plants.  Ward, 

L.  F. 
Uinta  formation,  Scott. 
Skull  of  ceratopsidffi.  Marsh. 
Report  of   Geologist   of  Wyoming, 

Rickbtts. 
Eastern  Colorado,  Cannon. 
-Spanish  •  Peaks    region,     Colorado, 
Hills. 
"    Huerfano  beds,  Hills. 

Structural  features  near  Denver,  Col- 
orado, Eldridgb. 
Movements  of  Rocky  Mountains,  Em- 
mons. • 
Report— Rocky  Mountains  divisioo, 

U.  S.  Geol.  Survey,  Emmons. 
Custer    County,  Colorado,    Charl- 
ton. 
Stratigraphy  in  Denver  basin,  El- 
dridgb. 
Northwestern  Colorado,  White,  C.  A. 
Laramie  group,  Newberry.  Steven- 
son.   Ward,  L.  F. 
Displacements  in  Grand  Canon,  Wal- 

cott. 
Drainage  systems  of  New  Mexioo, 

Tarr. 
Warren's  Geography,  Brewer. 
Macfarlane's  Railway  Guide,  Bailey, 
G.  E.    Broaduead.    Davis.    Em- 
mons.   Gilbert^    Hague.    Proc- 
ter.  PUMPELLY.  S afford.  ScOTT. 

Todd.    Willis. 
Analyses   of    eruptive    rocks,    New 

Mexico,  Eakinb. 
California  and  Oregon,    Auriferous 

gravels  of  California,  Hammond. 
Geology    of    quicksilver     deposits, 

Becker. 
Islands  of  South  Barbara  channel, 

Yates. 
Lassen  Peak  district,  Dii 


brict,  Dilleh.    ^ ^T ^ 
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Tertiary—Continued. 

Report— Division  of  volcanic  geology, 
U.  8.  Geol.  Survey,  Dutton. 

Paleontology  of  nor tU  west  coast, 
Dall. 

Frotoz<totitefl,  Friedrich. 

Macfarlane*8  Railway  Gnide,  Con- 
don. Cooper.  Hastings.  Tur- 
ner. 

San  Diego  County,  California,  Good- 

TEAR. 

Santa  Crnz  Island,  Goodyear. 
Santa     Clara     County,    California, 

Weber. 
San  Nicolas  Island,  Bower. 
Warren's  Geography,  Brewer. 
Mexico,    Chance. 

Geologic  map,  Castillo. 
Central   America.     Nicaragua,    Craw- 
ford. 
Macfarlane's  Railway  Guide    [Nio- 
brara], Cope. 
South  America,  Brazil,  Sergipe-Alag6as 
basin,  Branner. 
Texas.  American  Neocomiau,  Marcoc. 
A  review  of  Texas  geology,  Dumblb. 
Basalt  from  Pilot  Knob,  Kkmp. 
Building  stone,  Merrill,  G.  P. 
Carboniferous  of  central  Texas.  TakR. 
Central  coal  titld,  Cummins. 
Central  mineral  region,  Comstock. 
[Chalk.]  Report— Division  of  Petro- 
graphy, U.  S.  Geol.  Survey,  Dillbr. 
Classification    of    topographic    fea- 

tnres,  Hill.  « 

Coal  fields,  Weitzel. 
Coal  fields  of  Colorado  River,  Tarr. 
Concho     country,     Cummins     and 

Lerch. 
Cretaceous     of    northern     Mexico, 

White,  C.  A. 
Description     of    Cretaceous   rocks, 

Hill. 
Drainage  of  central  Texas,  Tarr. 
Eagle  Flats  formation,  Hill. 
Fossils  of  the  Trinity  beds.  Hill. 
Geographic  features  of  Texas,  Hill. 
Geology     of     Trans-Pecos     region, 

Strebruwitz. 
Gnlf  Tertiaries  from  Red  River  to 

Rio  Grande,  Penrose,  R.  A.  F. 
Igneous  rocks  of  central  Texas,  Hill 

and  Dumble. 
Indian   Territory    and    Red    River, 
Hill. 


Texas — Continued. 

List    of    Cretaceous   invertebrates, 

Hill. 
Macfarlanc's  Railway  Guide,  Lough- 

UIDGE. 

Movements    iu     Rocky    Mountains, 

Kmmons. 
Occurrence  of  Goniolina  in  Coman- 
che series,  HlLL. 
Permian,  CUMMINS. 
Pilot  Kui»b,  HiLL. 

Report— Di  vision  of  Mesozoic  Paleon- 
tology, White,  C.  A. 
Staked  Plains,  Hill. 
Topographic     features     of     central 

Texas,  Tarr. 
Valley  of  upper  Canadian,  Hill. 
Warren's  Geography,  Brewer. 
Texas,  Geological  Survey.    First  An- 
nual Report. 
A  review  of  Texas  geology,  Dumble. 
Gnlf  Tertiaries,  Penrose. 
Cretaceous  of  Texas,  Hill. 
Southern  border  of  central  coal  field, 

Cummins. 
Permian  of  Texas,  Cummins. 
Coal  fields  of  Colorado  River,  Tarr. 
Trans-Pecos  Texas,  Streeruwitz. 
Central  mineral>region,  Comstock. 
Texas,    Geological    Survey.    Bulletin 

No.  4. 
List  of  Cretaceous  invertebrates  of 

Texas,  Hill. 


THOMPSON,  Gilbert.  A  hypothesis  for 
the  so-called  encroachments  of  the  sea 
upon  the  land. 

Science,  vol.  15,  p.  333.  t  col.  4°. 
Discnaaes  evidence  of  a  seflward  motion  of 
the  middle  Atlantic  coastal  plain  region. 

TIFFANY,  A.  S.  Record  of  deep  well  at 
Dixon,  Illinois. 

Am.  aeologiat,  toL  5,  p.  124,  \  p. 
Statement  of  rocks  penetrated  by  a  1750-foot 
well. 
TODD.  J.  E.    The  terraces  of  the  Mis- 
souri.    [Abstract.] 

Iowa  Acad.  Sci. ,  Proc. ,  Iffl7-lt89.  pp.  11-12 
Altltndee,  deposits,  snbt^^rrane,  age.  and 
liistory. 
The  origin  of  theextramovainic  till. 

[Abstract.] 

Iowa  Acad.  Sci.,  Proc,  1887-1880.  pp  12  U. 
Disciissiou  of  evideuce  presented   in   the 
Kissoari  Valley. 
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TODD,  J.  E.— Continned. 

The  lineage  of  Lake  Agassiz.     [Ab- 

Btraot.] 

Iowa  Acad.  Sci.,  Proc,  1887-1889,  pp.  57-58. 
Sketch  of  the  history  of  the  basin  f^om 
Kocene  to  Quaternary'  times. 

Ou  the  foldiug   of  Carboniferoas 

Rtrata  in   Booth  western    Iowa.     [Ab- 

Btr.TCt.] 

Iowa  Acad.  Scl. ,  Proc. ,  1837-1880,  pp.  58-62. 
Deecrijttiou  of  the  flexures  aud  of  the  strata 
iuvolved. 

Deep  well  at  Le  Mars,  Iowa. 

Am.  Geologist,  vol.  5,  pp.  124-125,  ^  p. 

Nature  of  rocks  from  »00  to  1,400  feet. 
Nebraska. 

Macfarlane's  a«ol.  Railway  Guide,  2a  edi- 
tion,  pp.  293-206. 

Geueral  sketch  of  geoloj;y  of  State  and 
ecological  notes  for  railway  stations. 

[ ]  [Notes  on  glacial  deposits  of  North 

and  South  Dakota.] 

Macfarlane's  Geol.  Railway  Guide,  2d  edi- 
tion, pp.  233, 254, 255, 256. 
Geological  notes  for  railway  stations. 

TORREY,  Joseph,  jr.,  BARBOUR, 
Erwin  H.,  and.  Mioroscopio  structure 
of  oolite,  with  analyses. 

Am.  Jour.  Sci.,  8d  series, vol.  40,  pp.  24G-  249. 
From  Iowa,  and  Chester  County,  Pennsyl- 
vania. 

[TURNER,  H.  W.]  [Notes  ou  Califor- 
nia.] 

Macfarlane's  Geol.  Railway  Guide,  2d  edi- 
tion, pp.  320,  324.  326,  i  p. 

Reference  to  the  ago  of  the  rocks  at  San 
Francisco,  format  ions  in  hills  of  Santa  Rosa 
and  Miocene  at  Alum  Rock  CuDon. 

TYRRELL,  J.  B.  Not«8  to  accompany  a 
preliminary  map  of  the  Duck  aud  Rid- 
ing Monntain  in  northwest«ru  Mani- 
toba. 

Canada,  Geol  Survey,  Reports,  vol.  3,  new 
scries,  part  1,  Report  B,  16  pages,  map.    1888. 

Abstracts,  Ibid.,  Report  A,  pp.  14-18 ;  Am. 
Geologist,  vol.  5,  pp.  241-242,  {  p.;  Am.  Jour 
Soi.,  3d  series,  vol.38,  p. 78,  ^p. 

Pleistocene  deposits,  shoreline  features,  and 
history.    Brief  references  to  Devonian  and  i 
Cretaceous  subt«rrane. 

[Observationsin  Booth  western  Man- 
itoba.] 

Canada,  Geol.  Survey,  Reports,  vol.8,  new 
aeries,  part  1,  Report  A,  pp.  72-75.   1888. 

Includes  brief  reference  to  glacial  deposits, 
Cretaoeous  outcrops,  a  gypsum  deposit,  and  a 


T7RRELL,  J.  B  — Continued. 

bore  well   through   the  Cretaceous   to  the 
Devonian. 

The  Cretaceous  of  Manitoba. 

Am.  Jour.  Sci.,  3d  series,  vol.  40,  pp.  227- 
282. 

R<!lations,  distribution,  equivalency,  and 
stratigraphy. 

Post-Tcrtiary  deposits  of  Manitoba 

and  the  adjoining  territories  in  north- 
westerii  Canada. 

Geol.  Soc.  Am.,  Bull.,  vol.  1, pp.  305-408, 407, 
440. 

Abstracts,  Am.  Geologist,  vol.  5,  p.  llfi,  i  p.. 
Am.  Naturalist,  vol.  24.  pp.  208-209,  |  p.;  Am. 
Jour.  Sci.,. 3d  series,  vol.  40,  p.  88-90. 

An  account  of  the  distribution,  character- 
istics, and  relations  of  the  various  glacial  and 
aqueous  dei)0sits  and  discussion  of  their  his> 
tory.  Discussed  by  J.E.Mills,  T.C.Cham- 
bcrUn,  N.  S.  Shaler,  W  J  McGee.  aud  J.  W. 
Spencer,  pp.  407-409. 

[Remarks  on  the  Laramie  group  and 

its  associates  in  Cauada.] 

Geol.  Soc.  Am.,  Bull.,  vol.  1,  pp. 628-529,  i  p. 
lb  disou.Hsion  of  paper  by  J.  S.  Newberry  on 
"  Tlie  Larnmie  group." 

XJHLER,  P.  li.    Maryland. 

Macfarlane's  Geol.  Railway  Guide,  2d  edi- 
tion, pp.  382-334. 
Geological  notes  for  railway  stations. 

U.  S.  Geological  Survey,  Eighth  An- 
nual Report,  l«d6-'87,  byJ.W.  Powell. 
Division  of  Archean  geology,  PuM- 

rKLLY. 

Division  of  coast  line  geology,  Sha- 

I.ER. 

Lake  Superior  division,  Irving. 
Division  of  glacial  geology,  Cham- 

BRULIN. 

Rocky  Monntain  division  of  geology, 

£mmons. 
Montana  division  of  geology,  Pealb. 
California  division  of  geology,  Becr- 

KR. 

Division  of  volcanic  geology,  DUT- 

TON. 

Paleozoic   division   of  invertebrate 

paleontology,  Walcott, 
Division  of  Mesozoic  paleontology. 

White,  C.  A. 
Division  of  paleobotany,  Ward. 
Quaternary  history  of  Mono  Valley, 

Califoruia,  Riisseli.. 
Geology  of  Lassen  Peak  district,  Dil- 
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n.  S.  Geologioal  Survey— Contioned. 
Trenton  limestone  petroleam  and  gan 

in  Ohio  and  Indiana,  Orton. 
Geographical   distribution   of  fossil 

plants,  Ward. 
Geology  of  quioksilver  deposits  of 

Paciiic  slope,  BecKSR. 
Geology  of  Mt.  Desert  Island,  Maiae, 

8HALKR. 

,  Ninlh  Annual  Report,  1887-'88, 

by  J.  W.  Powell. 

Atlantic  coast  division,  Shalrr. 

Arcbean  geology,  Pompblly. 

Lake  Superior  diyision,  Van  Hisb. 

Yellowstone  Park  division,  Haouk. 

Division  of  petrography,  Diller. 

California  division,  Beckkr. 

Potomac  division  of  geology,  McGee. 

Lower  Mississippi  division,  Johnson.. 

Montana  division  of  geology,  Peals. 

Division  of  vertebrate  paleontology, 
Marsh. 

Division  of  Paleozoic  invertebrates, 
Walcott. 

Division  of  Mesozoic  invertebrates. 
White,  C.  A. 

Division  of  Cenozoio  invertebrates, 
Dall. 

Divifiion  of  Paleobotany,  Ward. 

Geology  of  Cape  Ann,  Massachnsetts, 
Shaler. 

Formation  of  travertin  and  sinter  by 
vegetation  of  Hot  Springs,  Weed. 

Northwestern  Colorado  and  adjacent 
parts,  White,  C.  A. 
U.  S.  Oeological  Survey,  Bulletin  No. 

55.  Triassic  sandstone  from  Mary- 
land, analysis,  (Jlakkk,  F.  W. 

Limestone  near  Deiiaiice,Ohio,  analy- 
sis, Whitfield,  J.  E. 

Rocks  from  Menoiniiiee  River,  analy- 
sis, RiOQS. 

Rocks  from   Pigeon  Point,  analyses, 

HlLLKUUAND.      WHITFIELD,     J.   $. 
RiGGS. 

Rocks  from  Montana,  analyses,  Cha- 

TARD. 

Lava  from  Shasta  County,  California, 
analysis,  Rioos. 

Volcanic  rocks  from  California, analy- 
ses, CllATARD.      HiLLKBRAND. 

Clays  from  Owen's  Lake,  California, 
analyses,  Chatard. 

Clays,  sand,  eto.,  from  Martha's  Vine- 
yard, Clarke.   Riggs, 


8.  Gtoologloal  Sunrey,  Bulletin  No. 

56.  Fossil  wood  of  the  Potomac  for- 
mation, Knowlton. 

,  No.  57. 

Introduction,  McGee. 

Reconnaissance  in  southwestern  Kan- 
sas, Hay. 

,  No.  58. 

Introduction,  Cuamrerlin. 

Glacial  boundary  iu  western  Pennsyl- 
vania to  Illinois,  Wright. 

,  No.  59. 

Gabbros  and  associates  in  Delaware, 
Chester. 


,  No.  60. 

Natural  soda,  Chatard. 

Kovacnlites,  Michigan,  analysis, 
Hillebrand. 

Brick  clay,  Minnesota,  analysis,  Cha- 
tard. 

Rocks  from  Montana,  analyses,  Cha- 
tard and  Eakixs. 

Limestones  from  Montana,  analyses, 
Catlett. 

Eruptives  from  Henry  Mountain, 
analyses,  Riggs. 

Rocks  collected  by  Irving,  analyses, 
Hillebrand,  Chatard. 

Rocks  from  New  Mexico,  analyses, 
Eakins. 

Lavas  from  Lassen  Peak,  analyses, 
Hillebrand.    Riggs. 

Basalt,  Asia  Minor,  analysis,  Cha- 
tard. 

Sandstones,  Berea,  Ohio,  analyses, 
Eakins. 

White  earth  from  Georgia,  analysis, 
Catlett. 

Inclusion  in  diorite,  New  York, 
analysis,  Chatard. 

White  marble,  Cockeysviile,  Mary- 
land, analysis,  Whitfield,  J.  E. 

Dolomite,  Westchester  County,  New 
York,  analysis,  Hillebrand. 

Dolomite  and  clay,  Alabama,  analy- 
sis, Hillebrand. 

Marble    from    Louisiana,    analysis, 

IIlLLK  BRAND. 

Limestones    from     Ohio,     analyses, 

Clarke  and  Riggs. 
Trenton   liuiestoues  from  Ohio   and 

Indiana,  analyses.    Clarke,  F.  W. 

Catlett. 
Coqutua  and  coral  rock  from  Florida, 
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U.  8.  Gtoologioal  Survey,  Bulletin  Na 
56 — Continaed. 
Coqaina,    coral    and    coral    rocks, 
aualyses,  Eakins. 

,  No.  62. 

Explanatory    and    historical    note, 

Irving. 
Greenstone  Hcbists  of  Menominee  and 
Maniiietto    reiirion    of    Michigan, 

WiLLIAMB.  G.  H. 


-,  No.  64. 


Rocks  from  Baltimore  County,  Mary- 
land, analyses,  Whitfikld,  J.  B. 
Chata<id. 

Serpentines,  analyses,  Catlett. 

Geyserite  from  New  Zealand,  analy- 
ses, Whitfikld,  J.  E. 

SandsFoue  from  Bnena  Vista,  Ohio, 
analysis,  Clakkk,  F.  W. 

Sandstone  from  Portsmouth,  Ohio, 
analysis,  Chatard. 

Limestone  from  Silverdale,  Kansas, 
analysis,  Catlbtt. 

Rock  from  Marion,  Kentucky,  analy> 
sis.  Eakins. 

Rocks  from  Pigeon  Point,  Michigan, 
analyses,  Eakins. 

Diabase,  Michigan,  analysis,  Cha- 
tard. 

Rocks  from  Penokee-Gogebic,  Wis- 
consin, analyses,.  Eakins. 

Eruptive,  Hot  Springs,  Arkansas, 
'  analysis,  Eakins. 

Recent  lavas  from  Arizona,  analyses, 
Eakins. 

i;ruptive,  from  Montana,  analysis. 
Eakins. 

Rocks  from  northern  California, 
analyses,  Whitfield,  J.  E.  Ea- 
kins. 

Adobe  soils,  analyses,  Eakins. 

Clays,  analyses,  Catlktt. 

,  No.  65. 


Stratigraphy  of  coal  rocks  of  northern 
half  of  the  Appalachian  field. 
White,  I.  C. 

,  No.  66. 

Volcanic  rocks  from  Tewan  moun- 
tains. New  Mexico,  Iddinos. 

,  No.  67.     * 

Trap.s  of  Newark  system  in  New  Jer- 
sey region,  Darton. 

U.  8.  Qeolosical  Survey,  Monographs. 
VoL  1.    Lake  Bonneville,  Gilbert. 


U.  S.  Geological  Surrey,  Monographa. 
Vol.  15.    Potomac  or  younger  Meso- 

zoic  flora,  Fontaine. 
VoL  16.    Fossil  fishes  of  the  Paleo- 
zoic.   Newberry. 
U.  S.  National  Museum,  Proceedings, 
Vol.  12. 

Serpen ti nous  rocks,  Merrill,  G.  II. 
trPHAM.  Warren.     T.he    growth,   cul- 
mination, and  departure  of  the  Qua- 
ternary ice  sheets. 

Boston  Soc.  Nat.  Hist.,  Proc.,  vol.  24,  pp. 
450-455. 

Abstract,  Am.  Gkologist,  vol.  5,  p.  123,  |  p. 

A  grnersil  review  of  the  bistory  of  the 
glacial  period,  eapecially  of  the  climatio  con- 
dition.4  and  their  relations  to  continontal  up- 
lift. 

[  Roinark.H  on  the  exceptional  charac- 
ter of  Wni  climnte  of  the  };I«i<;ial  period.] 

Boston  Soc.  Nat.  Hist.,  Proc,  vol.  24,  pp. 
465-406. 

DiscngHioti  of  eviilence  of  jclaciation  in  pr«^ 
Pleistocene  tiniea  in  vnriouR  parts  of  the  world 
and  t1ie  cause  of  the  clinialio  changea. 

Quaternary  chiingcs  of  level. 

Geol.  Magazine,  decide  III,  vol.  7,  pp.  492- 
497. 

Discnsaiou  of  history  and  oonseqnonoea  of 
Pleistocene  changes  of  level  of  North  America 
and  Europe. 

The  fiords  and  great  lake  basins  of 

North  America  considered  as  evidence 

of  preglacial  continental  elevation  and 

of  deprcHsion  during  the  glacial  period. 

Qeol.  Soc.  Am.,  Boll.,  vol.  '.,  pp.  563-j67 

Artesian  wells  in  North  and  Soath 

Dakota. 

Am.  aeologiat,  vol.  6.  pp.  211-212. 

Piscassion  of  conditions  controlling  depth, 
distribntion,  amount,  pressure,  and  composi- 
tion of  the  artesian  waters. 

On  the  cause  of  the  glacial  period. 

Am.  G-eologist,  vol.  6,  pp.  327-330. 
Abstract^  Am.  Natnraliat,  vol.  25^  p.  277,  ^  p. 

1801. 

Discusses  evidence  of  a  general  great  post* 
glacial  continental  subsidence. 

Pleistocene  sabmergence  of  the  Isth- 
mus of  Panama. 

Am.  Geologist,  vol.  6,  p.  396,  |  p. 
Discussion  of  the  bearing  of  certain  fossil- 
ifcrous  deposits  and  the  effaot  of  the  snb- 
iiiorjrence  on  climatic  conditions  of  the  Ice 
a;:e. 

[ ]  [Notes  on  glacial*  features,  Massa- 
chusetts and  Minnesota.  J-^^^^T^ 
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UPHAM,  Warren— Confcinuod, 

Maofarlaae'B    G-eol.    Railway-   Onida.    ad 
edition,  pp.  107, 244^252. 
Notes  for  railway  statioiiB. 

[ — ]  St.  Paoly  Minneapolis  and  Mani- 
toba Railway. 

Mao&rlane's   a«ol.    Railway   anide,    2d 
editioD,  p.  264. 
Geological  notetifor  the  stations  in  Montana. 

Utab,  Analysis  of  adobe  soil.  Eakins. 
Analyses  of  rooks  from  Henry  Moan- 

tains,  RiGOS. 
Lake  Bonneville,  Gilbert. 


Utah — Coatinded . 

Origin  of  normal  faults,  Rkadr. 

Macfarlane's  Railway  Gnide,  Davi8. 
GiLBBRT.    Hague. 

Movements  in  Rooky  Mountains,  Em- 
mons. 

Northwestern  Colorado  region, 
Whitk,  C.  a. 

Rocky  Mountain  prota^Lss)  Dana. 

Strength  of  the  earth's  crust,  Gil- 
bert. 

Uinta  formation,  Scott. 

Warren's  Geography,  Brewer. 


V. 


7AJX  DIBST;  P.  H.  Remarks  on  the 
plication  of  the  Coal  Measures  in  south- 
eastern Colorado  and  northeastern  New 
Mexico. 

Colorado  Sol.  8oc.,  Proo.,  yoI.  3,  pp,  1S6-100. 
An  acoonvt  of  the  flexares  and  of  the  ooal 
beds  involved. 

AN  HT8B,  C.  R.  The  pre-Camhrian 
rocks  of  the  Black  Hills. 

Oool.  Soo.  Am.,  Boll.,  vol.  1,  pp.  203-244, 
pis.  4,  S. 

Abstract,  Am.  Naturalist,  vol.  24,  pp.  291, 
964, 1070-1071. 

Dlstribatlon ;  stmotore;  liihologic  charac- 
ters and  history  of  the  various  rocks;  nature 
of  the  original  sediments ;  origin  and  age  of 
the  granitea,  and  correlation  and  comparison 
with  pre-Cambrian  of  Lake  Superior  region 
and  elsewhere.  Inoludes  some  brief  general 
remarks  of  the  permanency  of  clastic  charac- 
ters in  rooks. 

—  [Remarks  on  certain  questions  of 
qui  valency  and  structure  of  the  crys- 
allines  of  the  Northwest.] 

Gtool.  Soo.  Am.,  BaU.,voL  1,  pp.  390-381, 893. 
Discnaaion  of  paper  by  A.  Winchell  on 
'*Some  Toanlts  of  Arohean  studies." 

-  Beport — ^Lake  Superior  division. 

TJ.  S.  Q«ol.  Survey,  Ninth  Report,  J.  W. 
Powell,  pp.  7^-84.    1889. 

Incidental  reference  to  results  of  inTeetiga- 
bions  by  Irving  and  himself  in  the  Penokee 
ron-bearing  series,  and  by  6.  H.  Williams  in 
ihe  Menominee-Marquette  region. 

«ar    College  Institate,    Transac- 

tiOIlB»  TOl.  5. 

Trenton    fossils  at  Pleasant  Valley, 

Now  York,  Dwioht. 
Cambrian  system,  Dwioht. 
Fofiailiferous  strata  at  Stissing,  New 

York,  DwiGHT. 
Griacial  phenomena,  Dwigiit. 

Bull.  91 6 


Vermont,  Arohean  axes  of  eastern  North 
America,  Dana; 

Calciferous  in  Champlain  Valley, 
Brainard  and  Sebly.    Walcott. 

Bernardston  series,  Emerson. 

Building  stone,  Merrill,  G.  P. 

Granitoid  areas  in  Lower  Lanrentian, 
Hitchcock. 

Eolian  limestones,  Hitchcock. 

Distribution  of  bowlders,  Hitchcock  . 

Macfarlane's  Railway  Guide,  Hitch- 
cock. 

Report,  Paleozoic  division  of  Paleon- 
tology, U.  S.  Geol.  Survey,  Wal- 
cott. 

Rocks  at  Fort  Cassin,  Whitfield,  R. 
P. 

Taconic  Mountains,  Am.  Geologist. 

Warren's  Geography,  Brewer. 
Virginia,  Building  stone,  Merrill,  G.  P. 

Corundum  in  Patrick  County, 
Genth. 

Dikes  in  Paleozoic  series,  Darton. 

DiLLER. 

Evidence  of  glacial  action  in  Vir- 
ginia, Minor. 

Expedition  into  southern  Maryland 
and  Virginia,  Clark. 

Fossil  wood  of  Potomac  formation, 
Knowlton. 

Glacial  climate  [gravels],  Shaler. 

Macfarlane's  Railway  Guide,  Camp- 
BELL.  Chester.  Fontaine. 
Rogers. 

Notes  on  Richmond  coal  field,  Clif- 
ford. 

Potomac  flora,  Fontaine. 

Triassic  flora  of  Richmond,  Virginia, 
Marcou.  , 

Warren's  Geography,  Brewer,  J OQIc 
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Wagner   Free    Institute,  of  Science, 
TranBactiona,  vol.  3. 
Mioceue  fauna  of  Florida,  Dall. 

WALCOTT,  C.  D.    Report— Paleozoic 
divisiou^of  invertebrate  paleontology. 
0.    S.    O-eol.  Survey,   8th  Report,  J.  W. 
PovreU,  pp.  174-178,  1889. 

Includes  brief  reference  to  Bome  re«ults  of 
explorations     in   Washington    County    and 
northern  Diitcheea  County,  New  York,  and  in 
the  roofing  slates  of  Vermont. 
Report— Division  of    Paleozoic  in- 
vertebrates. 

U.  8.  G^eol.  Surrey,  9th  Report,  J.  W.  Pow- 
ell, pp.  115-120,  1889. 

Includes  a  brief  account  of  results  of  inves- 
tigations in  the  Taoonio  region  of  Washing- 
ton County,  and  of  the  Hudson  terrane  in  the 
Hudson  valley  and  Schoharie  County,  New 
York. 

A  review  of  Dr.  R.  W.  Ella's  second 

report  on  the  geology  of  a^  i)ortion  of 
the  Province  of   Quebec ;  with  addi- 
tional notes  on  the  "  Quebec  Group." 
Am.  Jour.  Sci.,  3d  series,  vol.  39,  pp.101- 
115. 
Abstract,  Am.  NaturaUst,  vol.  24,  p.  954, 

Abstracts  from  the  report,  comparison  of 
statements  of  varions  observers  concerning 
the  region  and  discussion  of  stratigraphy  and 
faunal  relations  of  the  lower  Silurian  and 
Cambrian. 

Study  of  a  line  of  displacement  in 

the  Grand  CaSion  of  the  Colorado  in 
northern  Arizona. 

Geol.  Soc.  Am.,  Bull.,  vol.  1,  pp.  49-64. 
Abstract,  Am.  Naturalist,  voL  24,  p.  110,  4 
lines. 

Description  of  the  displacement  phenomena 
and  sketch  of  the  varions  movements  and 
their  bearing  on  the  geologic  history  of  the 
region. 

The    value  of  the  term   "Hudson 

River  Group"  in  geologic    nomencla- 
ture. 

Geol.  Soc.  Am.,  BnU.,  vol.  1.  pp.  335-353, 
354,355. 

Abstracts,  Am.  GeologlBt,  vol.  5,  p.  120,  6 
lines. 
Am.  Naturalist,  vol.  24,  p.  956,  6  lines. 
Review  of  the  application  and  taxonomic 
value  of  the  term,  and  of  the  distribution, 
characteristics,  and  gCDeral  stratigrapbic  re- 
lations of  the  group.  P.  355  announces  the 
discovery  of  Niagara  fossils  in  Washington 


WAIiCOTT,  C.  D.— Continued. 

County,   New   York.    Discussed  by  James 
Hall  and  W.  M.  Davis,  pp.  354-855. 

[Remarks   on   the    thickness    and 

identity  of  the  Calciferous  formation 
from  Canada  to  Tennessee.] 

Oeol.  Soc.  Am.,  Bull.,  vol.  1,  pp.  51^-«1S. 
In  discussion  of  paper  by  B.  Brainerd  and 
U.  M.  Seely  on  "  The  Calciferous  formationa 
in  the  Champlain  valley." 

[ ]  The    Hercynian     faona    of    the 

northern  Hartz  in  Germany. 

Am.  Jonr.  Sci.,  8d  series,  voL  89,  pp.  155- 
156. 

Description  of  paper  of  this  title  by  J.  M. 
Clarke,  with  a  remark  in  regard  to  the  olasai- 
flcation  of  the  Paleozoic  groups. 

"WALDO,  C.  A.  The  petroleum  belt  of 
Terre  Haute.    [Abstract.] 

Am.  Assoc.  Adv.  Sci.,  Froc.,  vol  38,  p. 
250,  i  p. 

Stratigrapbic  position,  extent,  and  atruoture 
of  oil- healing  strata. 

WANNER,  Atreus.  Casts  of  acolithns 
flattened  by  pressure. 

Am.  Geologist,  vol.  5,  pp.  35-38. 
York  County,  Pennsylvania. 

The  discovery  of  fossil  tracks,  al- 
gae, etc.,  in  the  Triassic  of  York 
County,  Pennsylvania. 

Pennsylvania,  Geol.  Swnrey,  Report  for 
1887.  pp.  21-35. 

With  incidental  descriptions  of  the  con- 
taining beds. 

WARD,  Lester  F.  Report — ^Division  of 
paleobotany. 

IT.  S.  Geol.  Survey,  Eighth  Report,  J.  W. 
Powell,  pp.  184-188, 1889. 

Include  brief  reference  to  paleontologio  ev. 
idence  as  to  age  of  sandy  clays  at  Grove 
Point  on  Chesapeake  Bay,  Maryland. 

The  geographical   distribution    of 

fossil  plants. 

n.  S.  Geol.  Survey,  Eighth  Report,  J.  W. 
Powell,  pp.  063-960,  pi.  LXI,  1889. 

Consists  of  an  enumeration  of  localities  all 
over  the  world,  with  references  as  fisr  as  prac- 
ticable to  the  age  of  the  containing  forma, 
tions. 

Pa^es  818-931  and  the  map  relate  to  tbo 
United  States  under  which  the  geological 
horizon  of  plant  bearing  beds  is  in  some  oasea 
briefly  discussed. 
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VARD,  Lester  F.— Con  tinned, 

—  Report — Division  of  paleobotany. 

U.  S.  Gkol.  Snrrefi  Ninth  R^ort,  J.  W. 
Powell,  pp.  128-131, 188ft. 

Includeft  brief  notfoe  of  the  reaalts  of  a  re* 
coonaissancc  in  southern  Hontana. 

—  [Remarks  on  the  age  of  the  Lara- 
mie groBp.] 

a«ol.  Soo.  Am.,  BvXL.f  voL  1,  pp.  52»-A32. 
Am.  Natnralist,  vol.  24,  pp.  564-568. 
BisciiMion  of  paper  by  J.  8.  Newberry  on 
"The  Laramie  group." 

—  [Remarks  on  the  Cretaceous  forma- 
tion in  Gay  Head.] 

Oeol.  Soo.  Am.,  Bull.,  vol.  I,  pp.  555-556, 
f  p. 

Am.  Naturalist,  vol.  24,  pp.  562-563. 

Disoassion  of  paper  by  D.  White,  on  "  Cre- 
taceous plants  firom  Martha's  Vineyard." 

iTARD,  T.  On  the  salt  deposits  of  the 
United  States  of  America  and  Canada, 
with  notes  on  a  visit  to  the  more  im- 
portant of  them. 

Manchester,  Geol.  Soc, Trans.,  vol. 20,  pp. 
471-496. 

Includes  some  brief  incidental  geologlo  ref 
erencos,  mainly  iVom  previous  writers. 

Tarren's  New  Physical  Geography, 

Bkbwbr. 
^aahbum  College  Laboratory,  Bul- 
letin,  voL  11,  No.  2. 
Cheyenne  sandstone  and  Neocomian 
of  Kansas,  Craoin. 
'ashliigtoxi,  Macfarlane's   Bail  way 

Gnide,  Dawson,  G.  M.    Willis. 
'aahington    Philosophical    Society, 
Bulletiii,  VOL  11,  pp.  191-220. 
Igneons  rooks  in  Yellowstone  Park, 
Iddinos.  ^ 

£BER,  A.  H.    Santa  Clara  Connty. 

Oalifomia,  Ninth  Beport  of  Mineralogist, 
pp.  48-56. 
Includes  refereucea  to  geology. 

BBSTBR,  Clement  L.  The  trans!- 
Lonal  drift  of  a  portion  of  northern 
owa. 

Am.  Naturalist,  vol.  24,  pp.  1182-1185. 

Deftcriptioo  of  a  hitherto  undifTereotiated 
membei  of  the  drift  formations,  with  remarks 
on  its  history. 

E2ED,  Walter  Harvey.  Formation  of 
-avertine  and  siliceous  sinter  hy  the 
s^etation  of  hot  springs. 

U,  S.  QaoL  Surrey,  Ninth  Report,  J.  W. 
Powell,  pp.  6l8-«76,  pis.  78-87. 
Abstraots,  Am.  Jonr.  8oi.,  3d  series,  voL  41, 


WBBD,  Walter  Harvey— Continued, 
pp.  158-150.  1801 :  Am.  Geologist,  vol.  7,  p. 
201,1  p.    1881. 

Description  of  the  deposits  and  discnssion 
of  their  origin  and  rate  and  condition  of  depo- 
sition. Relates  mainly  to  the  Tellowstooe 
Park  aocumulations,  but  alsoinclndea  a  brief 
account  of  those  of  Kew  Zealand. 

Diatom  bods  and  bogs  of  the  Yellow- 
stone National  Park. 

Botanical  G-as^tte,  voL  14. 
Abstract,  Am.  Jonr.  Sci.,  8d  series,  vol.  89, 
p.  521,  i  p. 

Geysers. 

School  of  Mines  Quart.,  vol.  11,  pp.  28a- 
806. 

Review  of  geyser  theories,  prefaced  by  brief 
accounts  of  the  geyser  phenomena  in  various 
parts  of  the  world. 

"WELLS,  David  A.    Evidences  of  gla- 
cial action  in  sontheastern  Connectictit. 
Popular  Science  Monthly,  vol.  37,  pp.  196- 
301. 

Descriptions  and  illostrations  of  some  nota- 
ble bowlders  and  remarks  on  their  history  and 
the  glacial  history  of  th£  region. 

TVEITZEL,   R.   S.     The  coal  fields  of 
Texas. 

Engineering  and  Mining  Jonr.,  voL  50,  pp. 
214-216, 2  cols  ,  40. 
Includes  refereuoos  ftt>m  various  sources. 

West  Lidie&  Analysis  of  coral,  £  a  kins. 
■    Notes  on  geology  of  the  Bahamas, 

NORTHRUP. 

yincelonian  volcano,  Sharp. 
West   Virginia.       Glacial     houndary, 
Chambrrlin.    Wright. 
Macfarlane^s  Railway  Guide,    Par- 
sons.   White,  I.  C. 
Warren's  Geography,  Brewer. 
WUITJJ,   C.  A.    The  North  American 
Mesozoic. 

Am.  Assoc.  Adv.  Soi.,Froo.,  vol.  88,  pp.  205* 
226. 

Abstract,  Popular  Science  Monthly,  voL 
37,  pp.  140, 141,  i  col. 

A  general  review. 

Report — Division  of  Mesozoic-paleon- 

tology. 

0.  S.  Oeol.  Survey,  Eighth  Beport,  J.  W. 
Powell,  pp.  178-181.  1889. 

Includes  an  account  of  studies  of  the  Cre- 
taceous formations  in  Texas. 

Report — Division  of  Mesozoic  inver- 

tehrates. 

XX.  S.  Geol.  Survey,  Ninth  Report,  J.  W. 
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T77HITE,  C.  A.— Cootiaued. 

Inolmlw  statements  ref^arding  the  classifl- 
cution  of  the  Texas  Cretaoeons  formations 
and  the  I'elatieos  of  the  Laramie  group  <m  the 
Kio  Grande. 

Oa  the  geology  aud  physiograpby  of 

a  portion  of  nor tbeas tern  Colorado  and 
adjacent  points  of  Utah  and  Wyoming. 

n.  S.  G-eol.  Sanrey,  Ninth  Report,  J.  W. 
PoweU,  pp.  677-712,  PI.  ucxvili,  1889. 

Abstract,  Am.  G-eologist,  vol.  7,  pp.  87-58, 
1891. 

Description  of  the  Archean,  Uinta,  Carbo- 
niferoos.  Cretaceous,  and  Tertiary  forma- 
tions, and  the  stmctarai  features,  and  review 
of  the  relations  and  the  history  of  the  dis- 
placements.   With  a  colored  geologic  map 

Remarks  on  the  Cretaceous  of  north- 
em  Mexico.    [Abstract.] 

Am.  Assoc.  Adv.  Soi.,  Proc.,  vol.  38,  p.  252. 

State  of  Chihaahua  and  adjacent  parts  of 
Texas  and  New  Mexico.  Thickness,  eqaira- 
lenoy  of  stratigraphic  components,  and  rela- 
tions of  underlying  Carboniferous. 

The  lower  Cretaceous  of  the  San 

Carlos  Mountains,  New  Mexico. 

Am.  Jour.  Sci.,  8d  series,  voL  39,  p.  70,  ^  p. 
Statementof  opinion  in  regard  to  its  history. 


-VSTHITE,  David.  On  Cretaceous  plants 
from  Martha's  Vineyard. 

Am.  Jour.  Sol.,  8d  series,  Tol.  89,  pp.  03-101, 
PL  II. 

Abstracts,  Oeol.  Soc.  Am.,  Bull.,  vol.1,  pp. 
504-556;  Am.  aeologist,  vol.  5,  p.  121,  ^  p. 

List  of  plants,  review  of  previous  observers, 
and  discussion  of  the  horixon  of  the  plant- 
bearing  series. 

Discussed  by  J.  S.  Newberry,  L.  F.  Ward, 
F.  J.  H.  Merrill,  Geo.  Soc.  Am.,  Bull.,  voL  1. 
pp.  553-^66. 

WHITE,  I.  C.  [Remarks  on  the  history 
of  the  glacial  deposits  in  tht  upper 
Ohio  region.] 

Gkol.  Soo.  Am.,  Bull.,  vol.  1,  pp.  477-478, 
479^480. 

In  discussion  of  paper  by  T.  C.  ChamberUn 
on  "  Soma  additional  evidence  bearing  on  the 
interval  between  the  glacial  epochs." 

—  [Remarks  on  pressure  of  gas  in 
western  Pennsylvania  region. 

Gkol.  Soo.  Am.,  Bull.,  vol.  1,  pp.  95-96. 
In  discussion  of  memoir  by  Edward  Orton 
on  "Origin  of  rock  pressure  of  natural  gas." 

[ ]  Pittsburg  and  Lake  Erie  Railroad. 

Macfarlane's    Geol.    Railway   G-uide,  2d 
edition,  p.  174,  i  p. 
Geological  notes  for  the  stations. 

[ ]  West  Virginia  [and  Chesapeake 

and  Ohio  Railroad  in  Kentucky]. 


WHITE,  I.  C— Continned. 

Macfarlane's  Geol.  Railway  Guide,  2d 
edition,  pn.  337-35L 

Description  of  the  formatioBS  of  West  Vir- 
ginia and  geological  notes  for  railway  at*- 
tions. 

WHITBAVBS,  J.   F.     Description   of 
eight  new  species  of  fossils  ttom  the 
Cambro-8ilnrian  rocks  of  Manitoba. 
Canada,  Roy.  Soo.,  TnnB.,  vol.  7,  section 
iv,  pp.  75-83,  Pis.  xn-xvu.. 
Abittract,  Am.  Geologist,  vol.  5,  p.  58,  |  p. 
Inclades  (i  page)  note  on  the  equivalency 
of  the  Cambro-Silurian  members  in  Manitoba^ 

WHITFIELD,  J.  Edward.  Limestone 
from  the  Auglaize  River  near  Defiance, 
Ohio.    [Partial  analysis.] 

0.  S.  Geol.  Survey,  Bull.,  65,  p.  8Q,  i p.,  1889. 

Rocks  from  Pigeon  Point,  Minne- 
sota.   [Analysis.  ] 

U.  S.  Geol.  Survey,  Bull.,  No.  !^,  pp.  81-82, 
1889. 

White  dolomite  marble,    Cockeys- 

Yille,  Maryland.     [Aualysis.] 

ir.  S.  GeoL  Survey,  BnU.  Ko.  60,  p.  159,  ^  p. 

Rocks    from     Baltimore     County, 

Maryland.    [Anabsis.] 

IT.  S.  Geol.  Survey,  Bull.  No.  64»  p.  42,  %  p. 
PyrozenitaM. 

— —  Geyserites  from  Rotorua,  New  Zea- 
land.   [Analyses.] 

U.  S.  Geol.  Survey,  BuU.  No.  94,  p.  45,  i  p. 
Eruptive  rocks  from  northern  Cali- 
fornia.   [Analyses.] 

n.  8.  Geol.  Survey,  BoU.  No.  64,  pp.  49-50. 

WHITFIBLD,  R.  P.  Observations  on 
the  fauna  of  the  rocks  at  Fort  Cassin, 
Vermont,  with  descriptions  of  a  few 
new  species. 

Am.  Museum  Nat.  Hist.,  Bull..  voL  3,  pp. 
25-^9,  pis.  1-3. 

With  prefiitory  discussion  of  the  strati- 
graphic  position  of  the  members  in  the  Fort 
Cassin  region. 

The  Fort  Cassin  rooks   and  their 

fauna. 

Geol.  Soo.,  Am.,  BuU.,  voL  1,  pp.  514^15. 
Bisousslou  of  fannal  evidence  as  to  their 
age  and  equivalency. 

\l7IIsLCOX,  Joseph.  [Observations  on 
geology  of  southern  Florida.] 

IT.  S.  Geol.  Survey,  Ninth  Report,  J.  W. 
Powell,  p.  126,  i  p.    1»<9. 

Noted  by  W.  M.  DaU,  Report— division  of 
Cenosoio  invertebr»tei.  ^->.  j 

Digitized  by  LjOOQIC 


DAinoN.i       KECOKD  OP  NORTH  AMERICAN  GEOLOGY  FOE  1890. 


85 


WIUiIAMS,  George  Hnotington.  The 
greenstone  schist  areas  of  the  Menom- 
inee and  Marquette  regions  of  Mtehi- 
gaQ ;  a  oontrlbntiqn  to  the  sabjeot  of 
dynamic  raetamorphism  in  ernptlve 
rocks. 

0.  8.  Gaol.  Siinr«7,Ball.  Ko.  02,  pp.  31-241. 
pb.  m-xvi. 

Petrographio  dascriptlons  Mid  dtMnaston 
of  the  origin  of  the  rocks  and  tlie  history  of 
their  mstamorphism.  Inolndes  incidenUl 
descriptions  of  relations  in  the  field,  and 
a  chapter  on  the  present  state  of  Imoirledge 
regarding  the  metamorphism  of  eraptive 
rooks.  Ulastrated  by  colored  micro-petro- 
graphic  plates. 

The  nonfeldspathic  intrasiye  rocks 

of  Maryland,  and  the  course  of  their 
alteration. 

Am.  Oeologist,  toI.  6,  pp.  35-49. 
Mainly  petrographic.    Includes  an  account 
of  their  occurrence  and  geologic  relations. 

Note  on  the  eruptive  origin  of  the 

Syracuse  serpentine. 

Osol.  Soc.  Am.,  Boll.,  toI.  1,  pp.  533-(34. 
Abstmcts,  Am.  Oeologist,  vol.  5,  p.  118, 1  p. 
Am.  Naturalist,  voL  24,  p.  211, 4  lines. 
Description  of  new  ezposarea  exhibiting 
the  relations  of  the  dike  and  the  occurrence 
of  ioclnsions.    Remarks  by  James  Hall  and 
J.F.Kemp,  p.  534,  i  p. 

—  Geological  and  petrographical  ob- 
servations in  southern  and  western 
Norway. 

Geol.  Soc.  Am.,  Bull.,  toI.  1,  pp.  561-553. 
Abstracts,  Am.  Geologist,  vol.  5,  pp.  120- 
121,  i  p.;  Am.  Naturalist,  vol.  24,  pp.  210-211, 
I  p. 

Mainly  in  regard  to  metamorphism:  dis 
cussed  by  B.  K.  Bmerson,  p.  553.  |  p. 

Significance  of  oval  granitoid  areas. 

Oeol.  Soc.  Am.,  Bull.,  vol.  1,  p.  558,  |  p. 
Discussion  of  paper  by  C.  H.  Hitchcock  on 
"  Significance  of  oval  granitoid  areas  in  the 
lower  Laurentian." 

On   a  geological  excursion  in  the 

northern  Appalachian  chain. 

Johns  Hopkins  XTniv.,  Oirculars,  voL  10, 
No.  84,  pp.  27-28, 1|  cols.,  4^. 

Remarks  on  observations  on  the  crystalline 
rocks  of  western  New  England,  ihe  crystal- 
line limestones  of  New  Jersey,  the  structure 
-  and  relations  of  eruptives  and  metamorphics 
constitnUng  the  Adirondacks  in  New  7ork, 
and  the  Hasting  series  of  Canada. 

[Notice  of  the  results  of  studies  in 

the  Menominee  and  Marquette  regions.] 
0.  S.  aeol.  Survey,  Bigth  Beport,  J.  W. 
Powell,  p.  135, 1  p.    1889. 


WILLIAMS,  George  H.— Continued. 
Brief  rofurence  to  nature  and  origin  of  cer- 
tain rocks. 

[Notice  of  results  of  petrographic 

studies  in  the  greenstone  schist  areas 
of  the  Marquette  and  Menominee  re- 
gions of  Michigan.] 

0.  S.  Geol,  Survey,  Ninth  Beport,  J.  W. 
Powell,  p.  83,  f  p.    1889. 

SUted  by  C.  R.  Van  Hiae  in  Report-Lake 
Superior  division. 

Geology   of  the  vicinity  of  Balti- 
more. ' 

Maofarlane's    Gteol.   Ballway  C^ulde,    ad 
edition,  pp.  331-^35. 
Description  of  the  crystalline  rocks. 

WILLIAMS,  H.  S.    The  Devonian  sys- 
tem of  North  and  South  Devonshire. 
Am.  Jour.  Sci. ,  3d  series,  vol.  39,  pp.  31-38. 
Abstract,  Am.  Assoc.  Adv.  Soience,  Proc. , 
vol.  38,  pp.  233-234,  |  p. 

Geologic  and  fannal  characteristics  and 
comparison  of  faanie  with  those  of  the  North 
American  formations. 

The  Cuboides  zone  and  its  fauna; 

a  discuB-sion  of  methods  of  correlation. 

aeol.  Soo.  Am.,  Bull.,  vol.  1,  pp.  481-500, 
pis.  11-13. 

Abstracts,  Am.  Geologist|  vol.  5,  p.  120, 1  p. 

Am.  Naturalist,  vol.  24,  pp.  290, 708.  |  p. 

Comprises  a  discussion  of  principles  of  cor- 
relation and  the  homotaxls  of  the  Tully  lime- 
stone of  New  York  and  the  Cuboides  sons  of 
Rurope. 

North   American   paleontology  for 

1887  and  1888. 

Smithsonian  Institution,  Beport,  1888  (psrt 
1),  pp.  261-326. 

Contains  incidental  references  to  the  geo- 
logic bearing  of  some  of  the  paleontologic 
papers. 

[ "I  The  American  committee  of  the 

International  Congress  of  Geologists. 

Am.  Jour.  Sci.,  3(1  series,  vol.40,  pp.  166-167. 
Discussion  of  its  status. 

[ ]  [Geological  notes  in  central  and 

western  New  York.] 

Maofarlane's  Oeol.  Bailway  Onids,  2d 
edition,  pp.  121. 123, 131. 

Delaware^  Lackawana  and  Western  Bail- 
way  from  BiDghamton  to  Buffalo  and  West 
Shore  Bailway  from  Albany  to  Buffalo. 

[WILLIS,  Bailey.]     Washington. 

Maofarlane's    G-eol.    Bailway   Guide,   2d 
edition,  pp.  264-266. 
Geological  notss  for  railroad  stations. 

WILLISTON,  S.  W.    Chalk  from  the 
Niobrara  Cretaceous  of/i^ansaA^j 

igi  ize      y  g 
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wIlLISTON.  S.  W.— ContinuecL    • 
Science,  toL  16,  p.  294,  f  cot,  4P. 
An  acooant  of  the  organic  components. 

WINCHELL,  Alexander.    Some  res  a  Its 
of  Arohean  studies. 

Oeol.  Soc.  Am.,  Bnll.,  voL  1,  pp.  857-390, 


Abatracta,  Axn.  Geologiat;  vol.  5,  p.  121,  ^  p. 

Am.  Natnraliat,  vol.  24,  pp.  291-292. 

A  diacuaaion  of  the  relationa,  atmctare, 
olaaaification,  age,  and  history  of  the  crystal- 
line rooks  of  the  Korthweatt  eapecially  in  the 
northeastern  Minnesota  region. 

Biacnased  by  C.  R.  Van  Hia«,  pp.  391-393. 

[Strength  of  the  earth's  crust.] 

Ged.  Soc.  Am., Boll.,  voL  1,  pp.  25-28,  §  p. 
DiacQSsion  of  paper  by  G-.  K  Gilbert  with 

that  title. 

[RexEarks   on   the   distribution  of 

bowlders  in   the  lower   peninsula  of 
Michigan.] 

Geol.  Soo.  Am.,  Ball.,  yoI.  1,  p.  29, 4  p.      * 
In  diacnaaion  of  paper  by  T.  C.  Ghamberlin 
on  " Ik) wider  belta  diatingaiahed  firom  bowl- 
der traina." 

The    geological    position    of    the 

Ogishke  conglomerate.    [Abstract.] 

Am.  Aasoc.  Adv.  Sci.,  Proo.,Tol.  38,  pp. 
284-235, 1  p. 

Recent  observations  on  some  Cana- 
dian rocks. 

Am.  Geologist,  vol.  6,  pp.  360-370. 

Between  Saalt  Ste.  Marie  and  Echo  River, 
on  the  river  Ste.  Marie  and  In  the  vicinity  of 
Echo  Lake.  Description  of  Hnronian  rocka 
and  their  ferraginons  deposits,  and  dlscnssioa 
of  the  relation  and  equivalency  of  the  rocks 
of  the  Echo  Lake  region. 

Michigan. 

Macfarlane'a  Geol.  Railway  Gnide,  2d 
ediUon,  pp.  189-197. 

8ketch  of  the  geology  of  Michigan,  list  of 
Xormationa  and  geologic  notes  for  railway  sta- 


Recent  views  about  glaciers. 

The  Fomm,  vol.  10,  pp.  306-314. 

A  general  review  of  glacial  theories. 

[WINCHELL,   N.   H.]    Northern  Pa- 
cific  Railroad. 

Macfarlane's    Geol.    Railway    Gnide,  2d 
edition,  pp.  25a-250. 

Geologic  notea  for  stations  in  Minnesota 
and  eastern  Dakota. 
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Fig.  3.  Time  eontraetions  of  8U]»erlieated  silicated  water 

^Fig.  4.  Compressibility  of  parathn  and  water  compared 
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PREFACE. 


Tlie  present  volume  is  the  outgoing  installment  of  certain  researches 
on  the  thermodynamics  of  liquids  now  in  progress  at  this  laboratory. 
The  results  are  exhibited  in  f<mr  sections.  In  the  first  of  these  I  en- 
deavor to  circumscribe  tiie  relation  between  the  volume  changes  of  a 
fluid,  in  their  dependence  on  pressure  and  on  temperature,  fusion  effects 
being  excluded.  In  the  secchul  1  des<!ribe  the  volume  lag  (hysteresis), 
identify  it  as  a  limit  case  of  the  phenomenon  of  vis(M>sity,  and  discuss 
its  fundamental  bearing  on  the  molecular  structure  of  matter.  In  the 
third  se^'tion  (chapter  ii  of  this  book)  1  submit  an  electric  method  by 
which  the  phenomenally  small  compressibility  of  metals  can  be  studied 
with  a  facility  unattainable  in  mere  volume  measurement.  In  the  fourth 
part  (chapter  iii),  finally,  the  compressibility  of  water'  above  100^  is 
shown,  particularly  in  relation  to  the  solvent  action  of 'wat^r  on  glass, 
and  to  the  contraction  of  liquid  bulk  due  to  such  a<*tion.  In  preparing 
the  work  for  publication  it  was  expedient  to  add  the  datii  on  lag  phe- 
nomena to  my  second  bulletin  on  the  vis(»osity  of  solids,  soon  to  ai)pear. 
The  other  matter  is  contained  in  the  present  volume. 

Chapter  iv  has  been  added  as  an  illustration  of  the  easy  application 
of  the  results  deduced  in  chapter  ill  to  industrial  problems. 

I  am  aware  that  the  subject  of  compressibility  has  to  a  considerable 
extent  engaged  the  attention  of  Maj.  J.  W.  Powell.  The  present  work, 
however,  was  suggested,  anti  in  its  general  scope  and  character  sharj>ly 
outlined,  by  Mr.  Clarence  King,  as  will  appear  from  a  perusal  of  the 
geological  inferences  to  which  the  present  results  are  tributary.  The 
experimental  methods  and  discussions  are  mine;  and  purely  physical 
inferences  are,  as  a  rule,  given  on  my  own  responsibility. 

The  casual  reader  may  ask.  What  has  the  behavior  of  complex  or- 
ganic matt;er  and  of  liquid  metal  to  do  >vith  geology  f  To  such  a  one 
I  may  reply :  It  is  now  generally  conceded  by  the  clearest  thinkers  that 
the  crust  of  the  earth  is  underlain  by  a  liquid  stratum,  and  that  most 
surface  phenomena  of  upheaval  and  subsidence  are  in  some  way  (re- 
garding which  the  clear  thinkers  by  no  means  agree)  referable  to  this 
liquid.  Now,  until  quite  recently  the  topography  of  the  thermodynamic 
surface  of  fluids  has  been  altogether  unknown.  Mathematiciaus  like 
J.  Willard  Gibbs  have  done  much  toward  mapping  out  its  possible 
contours.  But  the  experimental  facts  were  vague  and  useless.  To 
endeavor  to  obtain  these  from  rock  magmas,  whicli  can  be  operated  on 
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16  PREFACE. 

only  undei*  formidable  difficultieB,  would  at  the  present  stage  of  research 
be  manifestly  absurd.  Hence  other  substance^s  of  more  definite  charac- 
ter and  more  convenient  fusing  i)oint8  are  appropriately  selected  for 
examination ;  and  the  observer  is  throughout  his  work  stimulated  by 
the  belief  that  an  available  analogy  in  the  thermodynamic  behavior  of 
liquid  matter  in  general,  whether  fusing  at  tem])eratures  high  or  low, 
is  not  beyond  the  province  of  probability.  The  reader  who  is  willing 
to  peruse  the  following  chapters  with  me  may  find  evidence  here  and 
there  that  the  suggestion  of  an  analogy  is  not  unreasonable.    . 

Since  the  following  work  was  done  I  have  succeeded  in  constructing  a 
screw  compressor  by  aid  of  which  2,000  atmospheres  may  be  applied 
with  facility.  I  have  also  constructed  a  gauge  by  which  these  pressures 
may^be  accurately  measured.  The  general  adjustment  is  such  that  all 
necessary  electric  insulation  of  different  parts  of  the  apparatus  is  pro- 
vided for,  and  most  of  the  measurements  may,  therefore,  be  made  elec- 
trically. With  this  apparatus  I  hope  to  subject  the  data  which  tlie 
following  pages  have  laboriously  shaped  to  a  direct  and  more  satisfac- 
tory test. 

Carl  Barus. 

Washington,  January^  1889. 
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THE  COMPRESSIBILITY  OF  LIQUIDS. 


By  Gael  Bakus. 


CHAPTER  I. 

FLUID  VOLUME:  ITS  DEPENDENCE  ON  PRESSURE  AND  TEMPER- 

ATURE. 

INTRODUCTION. 

1.  The  present  chapter  purposes  to  iuvestigate  the  probable  con- 
tours of  the  isothermals  and  the  isouietricij  of  liquid  matter,  in  so  far  as 
tliis  can  be  done  with  the  means  now  at  my  disposal. 

2.  Literature* of  compreHsibility. — The  literature  of  the  subject  has 
recently  been  critically  digested  by  Tate^  Excellent  excerpts  are  often 
to  be  found  in  the  Fortschritte  der  Physik,  so  that  I  may  content  myself 
with  brief  mention.  The  work  of  (3anton  (176:^-1764),  Perkin  (1820-1826), 
Oersted  (1822),  Colladon  and  Sturm  (1827),  Regnault  (1847),  Grassi 
(1851),  Amaury  and  Descamps  (1860),  is  discussed  in  moj^  text  books. 
Since  that  date  the  contributions  have  been  manifold  and  are  fast 
increasing.  I  shall,  theriBfore,  priiujipally  confine  myself  to  papers 
in  which  volume  changes  produced  by  the  simultaneous  action  of  both 
pressure  and  temperature  are  considered. 

Setting  aside  the  literature*  of  critical  points,  which  is  too  volumi- 
nous for  discussion  here,  the  work  of  Cailletet'  is  first  to  be  noticed  as 
introducing  a  long  range  of  pressures  (700  atmospheres).  Amagat's* 
early  work  contains  a  larger  temperature  interval  (0^  to  100^),  but 
applies  for  pressures  below 9  atmospheres.  The  results  are  discussed 
in  reference  to  Dupr<^'s'  equation.  Passing  Buchanan's*^  and  Van  der 
WaalsV  results  for  the  compressibility  of  water  and  of  solutions,  I  came 
to  an  exceedingly  important  step  in  the  subject  made  by  LiSvy/  though 
he  had  been  considerably  anticipated  by  Dupr6.^ 

L6vy  seeks  to  prove  that  the  internal  pressure  of  a  body  kept  at  con- 
stant volume  is  proportional  to  its  temperature,  which  follows  thermo- 
dynamically  if  the  internal  work  done  by  heating  is  a  volume  function 
only  or  if  specific  heat  in  case  of  constant  volume  is  a  temperature  funo- 


•  Tate :  Properties  of  Matter. 

*Se€  iHui'loU  anil  Rornstein's  PliyrtikaliHcli-cheniischo  Tabyll«n,  Berlin,  J.  Springer,  1883,  p.  82. 

•  Cftilletct:  C.  R.,  vol.  75,  1872,  p.  77.       . 

•  Ama;:at:  C.  li.,  vol.  85,  1877,  p.  27.  139;  Ann.  eh.  (it  pli.v:^  ,  vol.  U,  1877,  p.  520. 
»  Duprc:  C.  R.,  vol.  59,  1864.  p.  491);  ibid,  vol.  67,  1868,  p.  392. 

•  Duehnnan:  Nature,  vol.  17,  1878,  p.  439. 

»  Van  der  W^aalH :  liciblatUir,  vol.  1.  1877,  p.  511. 

•  L6vy :  O.  R.,  vol.  87,  1878,  pp.  449,  48.-{.  676,  551,  649,  826.  /^  T 

»  Dupr6 :  Theorie meoaniqiu^  do  lu  chalour,  1809,  p.  5i.  Digitized  by  VjOO^  LC 
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tion  only.  The  position  of  Levy  ia  sharply  aiitagoiifzed  by  H.  F.  Weber/ 
Boltzinanii,'  Claiisius,^  and  Massien.*    See  below. 

.Amagat's*  important  work  on  the  compression  of  gases  may  be 
mentioned  because  of  its  important  bearing  on  methods  of  pressure 
measurement.  In  two  critical  researches  Mees*  perfects  Regnanlt's 
piezometer  and  redetermines  the  compressibility  of  water.  Tait^  and 
his  pupils,  Buchanan,"  Marshall,  Smith,  Omond,®  and  others,  carry  the 
inquiry  of  compressibility  and  maximum  density  of  water  much  further, 
and  the  data  are  tlieoretically  discussed  by  Tait.  Pressures  a«  high 
as  600  atmospheres  are  applied.  Solutions  of  salt  and  alcohol  lae  also 
tested.  Pagliani,^^ Palazzo,  and  Vicentini,"  using  Regnault's  piezometer, 
publish  results  for  water  and  a  number  of  other  substauces,  mostly 
organic.  They  also  examine  mixtures.  Temperature  is  varied  between 
0^  and  lOOo,  and  the  results  are  considerably  discussed  and  utilized  to 
show  that  Dupr(!''s  formula  is  only  approximate.  De  Heea,**  who  has 
spent  much  time  in  studying  volume  changes  of  liquids,  deduces  a 
formula  of  his  own,  chiefly  in  reference  to  the  thermal  qhanges  of  com- 
pressibility.   The  theoretical  results  are  tested  by  many  experiments. 

THe  research  which  Aniagat^^  published  at  about  this  time  is  remarka- 
ble for  the  enormous  pressure  applied  hydrostatically  (3,000  atmos- 
pheres). Ether , and  water  are  operated  on.  In  later  work**  these  re- 
searches are  extended  to  other  liquid  substances,  with  the  ulterior 
object  of  finding  a  lower  critical  temperature.  The  behavior  of  water 
is  fully  considered.  Grimaldi**  critically  discusses  the  earlier  work  on 
the  maximum  density  of  water.  He'*  also  examines  the  volume  changes 
produced  in  a  number  of  orgaaic  substances  by  temperature  (0<^  to  100^), 
and  pressure  (0  to  25  atmospheres),  and  finds  both  Dupr^'s  anij  De 
Heen's  formulae  insufficient. 

In  further  discussion  he"  also  shows  the  insuflficiency  of  Konowalow's*® 
formula.    At  this  stage  of  progress  the  i)oints  of  view  gained  in  the 


'  H.  F.  Web«»r:  C.  R.,  vol.  87,  1878,  p.  517. 
»  Doltzmann :"  C.  R.,  vol.  87,  1878,  pp.  583,  773. 

•  ClftiisiuB:  C.  R.,  vol.  87.  1878,  p.  718. 

•  Masaien:  C.  R.,  vol.  87,  1878,  p.  731. 

•  Amagat:  C.  R..  vol.  89,  1879,  p.  437:  ibid.  ,vol.  90,  1880,  pp.  863,  995;  ibid.,  vol.  91,  1880,  p.  428,  and 
elsewhere. 

•  Mees:  BeibMtter.  vol.  4.  1880,  p.  512;  vol.  8,  1884,  p.  435. 

»  Tftit:  Challenger  Reports,  vol.  2,  1882,  appendix,  pp.  1  to  40;  Natnrc.  vol.  23,  1881,  p.  595:  Pmc. 
Rqv.  Soc.  Ed.,  vol.  12,  1883-'84,  p.  757;  ibid.,  vol.  13,  1884-  Ho,  p.  2;  ibid.,  vol.  11,  1882-'83,  p.  813;  ibid., 
vol.  12.  1883,  pp.  45.  223,  226. 

•  Buchanan:  Proc.  Roy.  Soo.  E<1.,  vol.  10,  1880,  p.  097. 

•  Marahall.  Sinitli.  and  Omond :  Proc.  Roy.  Sor.  Eil.,  vol.  11,  1882.  pp.  626.  809. 
"  Pa/^liani  and  Palazzo:  Beibli&tter,  vol.  8.  1884.  p.  795:  ibid.,  vol.  9,  188:i.  p.  149. 

"  Pagliani  and  Vicentiiii:  Roibliitter,  vol.  8,  1881,  p.  794;  Journ.  dc  pliya.  (2),  vol.  30,  1683,  p.  461. 
'•  De  Hoon :  Bull.  Soc.  Roy.  Belp.  (3),  vol.  9,  188.5,  p.  .^jO. 
w  Amagat:  C.  R.,  vol.  103, 1880.  p.  429. 

•*  Amagat :  C.  R.,  vol.  104,  1887,  p.  1159;  ibid.,  vol.  105,  1887,  pp.  105,  1120;  Journal  d.  phye.  (2),  vol.S, 
1889.  p.  197. 
"Grimaldi:  BeiblSttcr,  vol.  10.  1880.  p.  :W8. 
"Ibid.,  vol.  11,  1887,  pp.  136.  137.  138. 
"  Griinaldi:  Zeitschr.  f.  phys.  (^hcin.,  vol.  2,  l«88.  p.  874. 
"  S.onowiaow :  Zeit«chr.  f.  phys.  Chcm.,  2, 1888,  p.  1. 
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extensive  researches  of  llamsay  and  Young*  throw  new  light  on  the 
Kuhject.  Tliey  i)rove  experimentally  that,  if  pressure,  j>,  and  tempera- 
ture, 0^  vary  linearly  {p=zbO  —  a),  the  substance  operated  on  does  not 
change  in  volume.  The  substances  tested  are  ether,  methyl  and  ethji- 
alcohol,  acetic  acid,  and  carlxm  dioxide.  Exceptional  results  for  the 
case  of  acetic  acid  and  nitrogen  tetroxide  are  referred  to  dissociation. 
Utilizing  James  Thomson's*  diagram  they  point  out  that  the  locus  of 
the  isothermal  minima  and  maxima  intersects  the  locus  of  maximum 
vai)or  tensions  at  the  critical  point.  They  show  this  to  be  the  case  for 
ether.  Fitzgerald,'*  reasoning  from  Bamsay  and  Young's  results, 
proves  that  for  such  li(iuids  as  obey  the  linear  law  specific  heat  must  be 
a  temperature  function  only,  and  internal  energy  and  entropy  must  be 
expressible  as  the  sum  of  two  terms,  one  of  which  is  a  temperature  func- 
tion only  and  the  other  a  volume  function  only.  Thus  Fitzgerald  and 
Ramsay  and  Young  arrive  at  the  same  position  from  which  Dupr6  and 
L^vy  originally  started.  My  own  work  was  brought  to  a  conclusion 
before  I  had  read  the  above  researches  j  it  was  therefore  specially 
gratifying  to  me  to  find  my  results  according  with  those  of  Ramsay  and 
Young.  The  data  which  I  give  apply  emi)hat;ically  for  liquids,  that  is, 
for  substances  very  far  below  the  critical  temperature.  My  pressures 
are,  therefore,  over  six  times  as  great  as  those  of  the  English  chemists. 
In  case  of  thymol  and  of  para-toluidine  I  even  observed  25^  and  15^ 
below  the  respective^  melting  i)oiuts  (under-cooling).  Furthermore,  my 
method  of  discussion  is  different.  Fitzgerald,*  has  further  applied 
Clausius's*  equation  to  a  discussion  of  Ramsay  and  Young's  results. 
8arrau®  similarly  endeavored  to  adapt  Amagat's  data.  Dickson'  has 
digested  Andrews's  data.  Tait,®  who  is  still  actively  at  work  on  high 
pressures,  has  recently  made  publication  on  the  effect  of  dissolved  sub- 
stances on  internal  pressure. 

3.  Litevature  of  heat  expansion. — ^A  few  words  relative  to  thermal  ex- 
pansion of  liquids,  which  enters  incidentally  into  the  present  paper, 
may  be  added.  jMany  formuhe  have  recently  been  devised  or  tested  by 
Avenarius,'  I)e  Ileen,*®  Mendeleeff,"  Thorpe  and  Riicker,"  Jouk,"  and 
others,^*  not  to  mentiim  older  observers.    None  of  the  forms  seem  to  be 

iRiuuMy  nn«l  Young:  Phil.  Mag.  (5),  vol.  23,  1887,  p.  435;  ibid.,  vol.  24,  1887,  p.  106;  Proc.Roy.Soo. 
Lend.,  vol.  42,  1887.  p.  3. 

»Jorae»  Thomson:  Pliil,  Mag.,  vol.  43,  1872,  p.  227;  Nature,  vol.  9,  1873,  p.  392. 

■Fitzgerald:  Proc.  Roy.  Sof.,  vol.  42,1887,  p.  50. 

*lbid.,  p.  216. 

•Clauslus:  Wied.  Ann.,  vol.  9,  ]H^.  p.  337. 

•Sarraii:  V.  R.,  vol.  94,  1882.  pp.  639,  718,  845;  ibid.,  vol.  101,  1885,  p.  941. 

'Dickson:  Pliil.  Mug.,  vol.  10,  1881),  p.  40. 

■Tait:  Challenger  Reports,  Phya.  and  Cheni.,  vol.  2,  part  4,  1888;  Proc.  Roy.  Soc.  Edinb.,  vol.15, 
1888,  p.  426. 

»Avenariii.««:  M61.  phy».  Ac.  St.-Petersb.,  vol.  10,  1877,  p.  697;  Beibl&tter.  vol.  2,  1878,p.2ll;  ibid., 
vol.  8,  1884,  p.  806. 
JODeHeen:  Bull.  Ac.  Itoy.  Bolg.  (3),  vol.  4,  1882,  p.  526;  Journ.  Chem.  Soc.,  vol.  45,  1884,  p.  408, 
»»M«>ndeleeff:  Chem.  Bor..  vol.  17,  IRiH",  p.  129;  BoiblatUT,  vol.  8,  1884,  p.  806. 
"Thorpe  and  Rttcker:  Journal  Chom.  fcH»c.,  vol.  45,  1881,  p.  135. 

"Jonk:  Boiblitter,  vol.  8,  18H4,  p.  808.  C^  r^r^n]t> 

l^JioBoubcrjj:  Journ.  d'Aln.oi.Ui,  vol.  7,  1878,  p.  350,  ^'^'^'^"^  ^^  ^^OO^IL 
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satisfactory  when  long  ranges  of  temperature  are  introduced.  This  is 
shown  in  a  critical  research  by  Bartoli  and  Stracciati^  relative  to 
Mendeleeff^s  and  Thorpe  and  liiicker's  formulae  and  by  the  discussion 
between  MendeleeflF  and  Avenarius. 

4.  Bemarks  on  the  literature. — Surveying  the  forcmentioned  re- 
searches as  a  whole,  it  appears  that  at.  their  present  stage  more  work 
has  been  spent  on  the  compressibility  of  water  than  the  exceptional 
behavior  of  this  substance  justifies.  In  other  words,  the  volume- pres- 
sure-temperature changes  of  the  great  majority  of  liquids  probably 
conform  closely  to  a  general  thermodynamic  law  discovered  by  Dupr6 
and  L^vy,  and  by  Bamsay,  Young,  and  Fitzgerald,  severally.  It  is 
therefore  first  desirable  to  find  experimentally  the  full  importance  of 
this  law,  and  then  to  interpret  exceptional  cases  with  reference  to  it. 
Again,  it  appears  that  researches  in  which  long-pressure  ranges  are 
applied  simultaneously  with  iQug-temperatiire  ranges  are  urgently 
called  for,  and  that  it  is  from  such  work  that  further  elucidation  of  this 
important  subject  may  be  obtained. 

Among  pressure  experiments  the  late  researches  of  Amagat  stand 
out  by  their  originality  and  importance.  One  can  not  but  admire  the 
experimental  prowess  which  has  enabled  him  to  penetrate  legitimately 
into  a  region  of  pressures  incomparably  high  without  loweriilg  his 
standard  of  accuracy. 

Special  mention  must  be  made  of  the  celebrated  papers  of  J.  Willard 
Gibbs,*  by  whom  the  scope  of  graphic  method  in  exhibiting  the  thermo- 
dynamics of  fluids  has  been  surprisingly  enlarged.  Tlie  terms  isometric^ 
isopiesticj  isothermal^  isentropic,  etc.,  are  used  in  the  present  paper  in 
the  sense  defined  by  Gibbs  (loc.  cit.,  p.  311). 

APPARATUS. 

6.  Force  pump  and  appurtenances. — In  making  the  experiments  de- 
tailed in  the  following  pages  I  used  a  large  Cailletet  compression  pump, 
in  the  form  ccmstructed  both  by  Ducretct,  of  Paris,  and  by  the  Soci^t^ 
Genevoise.  Its  eflBciency  is  1,000  atmospheres.  It  is  made  to  be  fed 
with  water,  but  I  found  that  by  using  thin  mineral  sperm  oil  it  was 
possible  to  facilitate  operations,  because  there  is  less  danger  of  rusting 
the  fine  polished  steel  parts  of  the  machine.  The  pump  consists  of  two 
parts:  the  pump  proper  and  the  strong  cylindrical  wrought-iron  trough 
in  which  the  compressicm  tubes  are  screwed.  This  trough  is  cannon- 
shaped,  its  axis  vertical,  and  the  open  end  uppermost.  Pump  and 
trough  are  connected  by  strong  phosphor-bronze  tubing,  and  similar 
tubes  lead  to  the  large  Bourdon  manometer,  by  which  the  pressures 
are  measured. 

8.  Pressure  tube  and  appurtenances.-^T\iQ  substance  to  be  tested  is 
inclosed  in  capillary  tubes  of  glass  of  very  fine  bore  (0-03*=™  or  less)  and 

1  Bartoli  and  Stracciati :  BeiblStter,  vol.  0,  IW^o.  p.  510.  C^OOoIp 

»  J.  W.  Gibbs:  Traua.  Coim.  Acad.,  II  (2),  1873,  pp.  300,  slS-^^  Vj\^*^^IV^ 
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about  O'G*^™  thick,  such  as  are  often  used  for  thcrinometers.  In  my 
earlier  experiments  I  had  cylindrical  bulbs  blown  near  the  middle  of 
these  tubes,  and  to  give  them  greater  strength  a  cylinder  of  solder  was 
cast  in  brass  around  the  bulb.  This  arrangement  is  very  much  more 
delicate  than  a  plain  capillary  5  but  the  tubes  broke  under  pressures 
exceeding  200  atmospheres.  For  this  reason,  and  because  of  the  diffi- 
culty of  adjusting  a  suitable  vapor  bath,  the  bulb  tube  was  rejected  in 
favor  of  a  straight  capillary  tube.  The  length  used  was  about  50«™  or 
CO'*".  To  insert  them  into  the  trough  the  solid  glass  of  the  capillary 
tube  abc^  PL  i,  was  swelled  or  bulged  at  h,  about  5**"*  from  one  end,  and 
then  pushed  through  an  axially  perforated  steel  flange  ABBA^  in  which 
it  fitted  snugly.  The  bulged  end  and  the  flange  faced  the  inside  of 
the  trough,  so  as  to  be  acted  against  by  the  pressure.  To  seal  the  tube 
in  the  steel  flange  fusible  metal  //  was  cast  around  it  at  the  bulge, 
and  the  joint  was  then  further  tightened  by  a  thick  coating  of  marine 
glue,  gg.  A  strong  hollow  nut  of  iron,  surrounding  both  the  lower  end 
of*  the  tube  and  the  flange,  fastened  it  to  the  trough,  by  forcing  it 
against  a  leather  washer.  When  completely  adjusted  the  capillary 
tube  projected  about  40^"»  or  50*"'  clear,  above  the  trough.  Pressure 
was  communicated  through  the  oil  of  the  pump  to  the  mercury  in  the 
trough,  which  was  in  immediate  connection  with  the  open  lower  end  of 
the  capillary  tube. 

7.  Method  of  charging  the  tube. — A  thread  of  th^  solid  substance  to 
be  acted  on  was  introduced  into  the  capillary  between  threads  <lf  mer- 
cury. This  is  a  difficult  operation,  requiring  much  care.  My  first 
method  was  to  pump  out  the  air  with  a  Sprengel  pump;  then  to  let  the 
substance  run  down  into  it  from  a  reservoir  at  the  top  of  the  tube  by 
approi)riat6  fusion.  This  method  was  far  from  perfect,  and  I  found  it 
almost  impossible  to  insert  the  two  mercury  threads  at  the  right  i)lace. 
After  a  variety  of  other  trials  of  this  kind  I  finally  abandoned  the 
vacuum  method  in  favor  of  the  following:  Wide  glass  tubes  (reservoirs) 
were  fused  both  to  the  upi>er  and  the  lower  end  of  the  capillary.  The 
wide  tube  at  the  lower  end  was  bent  m^arly  at  right  angles  to  the  axis 
of  the  capillary.  I  then  poured  mercury  into  the  bent  end,  a  continu- 
ous thread  of  which  could  be  made  to  run  quite  through  the  capillary 
by  i^ioperly  inclining  it.  The  substance  was  introduced  into  the  upper 
reservoir  and  fused,  care  being  taken  to  boil  out  the  air,  so  that  even- 
tually the  thread  of  mercury  came  directly  in  contact  with  the  fused 
substance.  The  capillary  is  now  less  inclined.  Mercury  thread  slowly 
ran  biick  toward  the  lower  end,  followed  by  a  thread  of  the  substance, 
kept  fused  by  applying  a  burner  on  the  outside  of  the  tube.  This  opera- 
tion was  repeated  a  number  of  times,  so  as  to  cleanse  the  tube  with  the 
substance  and  expel  the  little  bubbles  of  air  which  might  adhere  to  the 
walls  of  the  capillary  canal.  Finally,  when  the  mercury  thread,  capped 
by  the  thread  of  substance,  was  of  suitable  length,  a  globule  of  mercury 
was  also  put  into  the  upper  reservoir,  covered  by  the  fused  substance 
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in  such  a  way  as  lo  exclude  air.  By  a  quick  motion  the  tube  was  then 
placed  in  nearly  a  vertical  i)08ition,  whereupon  the  lower  thread  of 
mercury  ran  down  fartlier,  followed  by  the  thread  of  substance  and  an 
upper  thread  of  mercury.  The  tube  was  now  again  brought  back  to  the 
former  position,  with  the  thread  of  substance  between  the  two  threads 
of  mercury,  nearly  in  place.  At  this  point  the  ui)per  reservoir  wan 
cleansed  with  bibulous  paper  and,  to  seal  it,  filled  witli  fused  parafline, 
in  such  a  way  that  no  air  was  lett  at  the  upi>er  end  of  the  upper  mer- 
cury thread.  Gently  inclining  the  tube  again,  x>arafiine  ran  into  the 
capillary,  following  the  other  threads.  When  the  paraffine  thread  was 
sufficiently  long  the  tube  was  left  to  itself  till  the  threads  solidified. 
During  the  whole  operation  the  capillary  tube  must  be  kept  heated. 
Considerable  skill  is  required  to  obtain  a  properly  charged  tube,  and 
the  method  must  be  varied,  of  course,  when  volatile  liquids  are  to  be 
introduced.  It  is  not'  advisable  to  seal  the  upper  end  of  the  glass 
by  fdsing  it,  because  the  strains  introduced  during  cooling  greatly 
diminish  the  strength  of  the  tube.  The  paraffine  thread  must  be  kept 
solid  by  a  cold-water  jacket,  00.  Under  these  conditions  its  viscosity 
is  too  great  to  admit  of  its  being  forced  out  of  the  capillary  tube  by  any 
pressiire  (1,000  atmospheres)  compatible  with  the  strength  of  the  tube. 
Faultless  adhesion  of  the  ))araffine  to  the  glass  is  essential.  In  case  of 
hygroscopic  substances,  therefore,  this  method  fails,  and  the  tube  must 
be  sealed  in  other  ways. 

Passing  from  the  top  to  the  bottom  of  the  charged  capillary  one 
therefore  encounters  the  following  succession  of  threads;  Paraffin 
(5<^"»),  mercury  (5*^"),  substance  (20*''",  depending  on  its  compressibilty 
however;  in  case  of  ether  a  thread  l*""*  long  is  sometimes  essential), 
mercury  (25*^"*),  in  communication  with  the  mercury  of  the  trough. 
Measurements  are  therefore  made  by  observing  the  distance  apart  of 
the  lower  meniscus  of  the  upper  thread  of  mercury,  and  the  upper 
meniscus  of  the  lower  thread,  with  Grunow's  cathetometer.  When  the 
adjustment  is  perfect  the  motion  at  the  upper  thread  is  nearly  xero. 
Any  sliding  here  is  fatal,  and  the  tube  must  be  reiidjusted  when  this 
occurs. 

8.  Method  of  heating. — ^To  heat  the  sample  to  any  required  tempera- 
ture I  surrounded  the  capillary  tube,  aftc,  with  one  of  my  closed  boiling 
tubes,'  eeee,  PL  i,  of  clear  glass. 

By  connecting  the  latter  with  a  condenser  at  i>,  the  ebullition  may 
be  prolonged  for  any  length  of  time.  The  whole  thread  of  the  sub- 
stance is  thus  virtually  exposed  in  a  vapor  bath.  Methyl  akohol  (<>50), 
water  (100^),  aniline  (185o),  and  diphenylamine  (310©)  are  available  for 
boiling  points.  The  position  of  these  liciuids  is  shown  .at  kk^  and  they 
are  heated  by  Dr.  Wolcott  Gibbs's  ring  burner,  R,  E.  A  thermometer 
is  inserted  at  T.    At  high  temperatures  it  is  of  course  necessary  .to 


1  Cf.  Bulletiu,  U.  S.  Ueol.  Survey.  No.  5i,  1889.  pp.  86  to  90. 
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jacket  the  boiling  tube  appropriately  with  asbestos  wicking,  leaving 
only  two  small  windows  exposed  through  whicli  the  substance  may  be 
seen  with  the  telescope.  When  the  tube  is  fully  heated  it  is  clear,  and 
condensation  takes  place  only  tn  the  condenser.  By  adjusting  suitable 
white  and  black  screens  with  reference  to  the  line  of  sight  the.  image 
of  the  meniscus  may  be  sharpened.  Intermediate  temperatures  arc 
reached  by  boiling  the  substances  under  low  pressures.  For  this  pur- 
pose it  is  merely  necessary  to  attach  the  open  end  of  the  condenser  to 
Prof.  K.  H.  Richards's  *  pneumatic  exhausting  pump.  Tlie  temperature 
is  read  on  the  thermometer  at  T. 

It  is  scarcely  necessary  to  state  that  the  manipnlations  are  difficult 
throughout,  and  that  with  the  best  of  care  breakage  of  tubes  is  a 
frequently  recurring  annoyance.  Special  attention  must  be  given  to 
obtain  capillary  tubes  well  annealed;  otherwise  internal  strains  add 
themselves  to  external  strains  and  the  strength  of  the  tube  is  insuffi- 
cient. Vapor 'baths  must  not  be  removed  until  the  tube  is  thoroughly 
cold.  With  the  best  of  care  a  tube  will  not  outlast  n^^ny  series  of  ex- 
periments, for  as  i)ressure  continues  the  glass  undergoes  a  change  very 
analogous  to  i>ernianent  set,  so  that  eventually  a  tube  may  be  broken  at 
less  than  one-half  the  original  test  pressure. 

9.  PrcHsure  meaffurement — As  is  easily  seen  the  method  of  experiment 
must  necessarily  be  such  that  temperature  is  kept  constant  while 
pressure  is  varied  at  pleasure.  To  measure  pressures  I  used  a  Bour- 
don gauge '^  graduated  in  steps  of  10  atmospheres  each,  up  to  1,000. 
So  graduated,  the  gauge  registers  smaller  differences  of  pressure  than 
can  be  measured  in  terms  of  the  volume  changes  of  the  liquid  in  the 
capillary  tubes.    Il^nce  the  gauge  is  suitable. 

To  test  the  gauge'  I  compared  it  with  a  similar  gauge  graduated  as 
far  as  300  atmospheres  and  found  the  lack  of  accordance  no  larger  than 
the  error  of  reading.  Again  I  compared  the  gauge  indications  with 
the  changes  of  electrical  resistance  of  mercury  under  identical  condi- 
tions of  pressure,  with  results  equally  satisfactory,  as  will  be  explained 
in  the  next  chapter. . 

10.  Curious  result^s  were  obtained  on  comparing  the  gauge  with  a 
closed  manometer,  the  essential  part  of  which  was  a  capillary  tube 
containing  air.  The  results  calculated  with  reference  to  Boyle's  law, 
i.  e.,  for  isothermal  expansion,  were  found  to  be  wholly  discrepant. 
The  difficulty  was  interpreted  by  computing  with  reference  to  Poisson's 
law,  i.  e.,  for  adiabatic  expansion.     Some  results  are  given  in  Table  1: 

»  RichanlM:  Trans.  Am.  lugt.  Mining  Eng.,  vi.  1879,  p.  1. 

«I  think  Prof.  Tait,  who  has  con-striicttMl  other  gauges  banoil  on  Hooke's  law,  nndoroAtiniatcw  the  in- 
genuHy  of  Bourdon's  gauge ;  anU  I  believe  that,  cither  by  increasing  the  number  of  coils  or  by  suit, 
ably  a<ViU8ting  a  mirror  index,  tho  gauge  can  bo  made  serviceable  without  a  multiplying  gear.  Read 
off  directly,  the  only  limit  to  the  scientifli;  efficiency  of  the  gauge  is  tho  viscosity  of  the  Bourdon  tube. 

'  I  hnT«  since  com  pared  tho  gauge  directly  with  Amagat'a  "  Manora^tre  j^  pistons  libres"  and  found 
my  surmises  substantiated. 
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p^Vjlc  denotes  pressure,  yoliime,*  and  the  specific  heat  ratio,  respec- 
tively. The  error  at  J?  =100  is  due  to  the  time  lost  in  making  the 
measurement,  since  it  is  here  that  volume  changes  are  large  and  re- 
quire special  adjustments  of  telescoi)e, 

Tablk  1. — Compreesibilitf/ of  air.     Test  of  gauge. 


p 

V 

log  v^p 

V 

log  v^p 

100 
200 
300 
400 
500 

1,030 
550 
400 
329 

0-25 
61« 
615 
615 

1,040 
552 
393 
324 
285 

6-25 

-  /  6- 17 

614 

616 

.     618 

'  It  appears  that  in  case  of  quick  manipulation  this  method  is  avail- 
able for  the  measurement  of  fe,  j[)articularly  with  reference  to  its  varia- 
tion with  pressure.  It  appears  also  that  when  work  is  •  done  on  gases 
much  time  must  be  allowed  in  capillary  tube  exi)eriment-s  before  the 
changes  of  volume  obtained  can  be  pronounced  isothermal. 

Since  the  gauge  is  based  on  Hooke's  law,  errors  of  the  zero  point  are 
eliminated  by  working  between  indicated  pressures  and  taking  differ- 
ences of  reading.  So  far  as  relative  pressure  data  al"e  (**oncerne<l  it  is 
then  merely  necessary  that  the  attached  dial  and  meehanism  be  Yirta- 
ally  a  scale  of  equal  parts.  * 

Finally,  I  compared  the  Bourdon  gauge  with  a  form  of  Tait  gauge 
of  my  own,  in  which  the  volume  expansion  of  a  suitable  steel  tube  is 
measured  externally.  Leaving  further  description  to  be  given  else* 
where,  I  will  here  insert  a  mere  example  of  the  i^esults  obtained.  N. 
G.  denotes  the  reading  of  the  new  gauge,  an  arbitrary  scale  being 
attached. 

Table  2. — Comparison  of'gauges. 


Bonrdon. 

N.G. 

Bourdon. 

N.G. 

0 

0 

600 

1045 

100 

160 

700 

1210 

200 

3:i5 

800 

1370 

300 

520 

!           900 

1530 

400 

690 

1          1000 

1700 

500 

870 

; 

Constructing  the  data  graphically  and  remembering  that  all  devi- 
ations are  to  be  apportioned  between  the  gauges,  it  appears  that  the 
error  must  everywhere  be  less  than  10  atmospheres  in  most  unfavorable 
cases. 

No  stress  was  placed  on  the  absolute  correctness  of  the  standard 
atmosphere  employed.  The  results  sought  follow  equally  well  for  an 
ai)proximate  standard,  correctly  multiplied. 
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11. —  Volume  changea  of  the  glass  tubes. — Prof.  Tait^  has  given  tile  fol- 
lowijig  expression  for  the  vohinie  increment  of  a  cylinder,  subjected  to 
internal  hy(Jro8tatic  pressure:  • 


where  77  is  the  pressure,  ,  and  n  the  compressibility  and  the  rigidity 

of  the  glass,  and  where  Oo  and  ax  are  the  inner  and  the  outer  radius  of 
the  tube,  respectively. 

The  internal  and  external  radii  of  my  tubes  were  0*015«'"  and  O-S*""*, 
respectiv'ely.  It  is  easily  seen  that  in  case  of  so  small  a  ratio  the 
term  of  the  above  expression  involving  the  compressibGity  of  glass 
may  be  neglected  with  no  greater  error  than  a  few  tenths  per  cent. 
Hence,  if  proper  value^  of  n  be  iutroduced  and  pressure  be  measured  by 
atmospheres,  the  above  expression  reduces,  approximately,  to  47J10-®. 

Unfortunately  this  correction  is  by  no  means  negligible^  and  may  in 
unfavorable  cases  amount  to  as  much  as  5  per  cent  of  the  correspond- 
ing volume  decrement  of  the  liquid  to  beiested.  The  case  is  worse; 
most  of  the  experiments  are  to  be  made  at  temi)eratures  between  60^ 
and  300^,  for  which  interval  the  rigidity  of  glass  can  not  be  said  to  be 
known.  To  determine  it  myself  was  out  of  the  question.  Hence,  in- 
stead of  introducing  arbitrary  considerations,  I  resolved  to  neglect  the 
cotrection  altogether  in  favor  of  direct  test  experiments  with  mercury 
and  with  water. 

12.  Mercury  tests, — The  compressibility  of  mercury  is  too  small  to  be 
amenable  to  the  present  method  of  measurement.  Hence,  since  its 
compressibility  is  known,  it  is  well  adapted  for  testing  the  errors  of 
the  apparatus. 

In  Table  3 1  have  given  the  temperature,  ^,  and  the  length  of  the  mer- 
cur  thread,  X,  observed;  also  the  volume  decrement  v/V  per  unit  of 
volume,  for  each  pressure  jp,  as  well  as  the  corresponding  mean  compress- 
ibility (i.  Many  methods  were  tried ;  best  results  were  obtained  for  a 
thread  of  mercury  inclosed  between  end  threails  of  melted  paraffin. 
At  the  low  temperature,  30^,  the  lower  thread  was  alcohol.  The  flrNt 
column,  v/  F,  was  obtained  by  increasing  p  from  20  to  400  atmospheres, 
the  second  by  decreasing  p  from  400  to  20  atmospheres,  though  the 
data  given  are  means  of  a  number  of  such  measurements.  Great  care 
must  be  taken  to  keep  the  mercury  thread  free  from  adhering  bubbles 
of  air  or  volatile  liquid  (alcohol,  for  instance).  At  high  temperatures 
these  globules  expand  and  may  utterly  vitiate  the  results,  as  I  found 
in  more  than  one  instance. 


»  Tait:  Challenger  Rsports,  1832,  Appi^ndix,  p.  23. 

•Everett:  Unlt«  and  Physical  Constants,  Macniillan,  1879,  p.  53. 

'  Since  the  sectional  expansion  alone  enters,  the  correction  is  smaller  than  the  above  eatiknate. 
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Taklk  3. — f'oinpi't'sxihUity  of  mercury. 
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ANOTHER  THKKAD,  BETWEEN'  PAUAFFIK. 
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Some  of  tliese  results  are  shown  in  PI.  it,  })ressure  being  the  abscissJB 
and  v^oliiine  deeremGnts,  lO^xr^T  the  ordinates.  Tfiis  figure  should 
be  coiMi)ared  with  tlie  subsequent  figures  for  organic  substances. 

Table  3  is  reassuring.  From  the  known  low-temperature  compressi- 
bility of  mercury*  it  appears  that  the  error  of  /?,  made  by  neglecting 
Tait's  correction,  is  about  KM,  and  that  it  is  not  greater  than  the  un- 
avoidable errors  of  measurement.  Again,  since  the  compressibility  of 
the  organic  substances  to  be  examined  is  in  almost, all  cases  much 
grciitiU'  than  60x  10-^  the  said  error  of  /3  is  not  much  above  2  or  3  per 
cent. 

By  comparing  table  3  w^th  tables  4  t-o  18  (.^)  it  will  be  seen  that  the 
results  at  high  temifcratures  are  even  more  favorable. 

Similar  results  were  obtained  for  water,  which  may  therefore  be 
omitted  here. 

13.  Jsothermah  and  adiahafics, — To  obtain  the  isothermals  of  the 
compressed  liquids  it  would  be  necessary  to  wait  a  long  time  after  each 

'  Kvort'tt:  Li»c.  rit..  pp.  52,  53.     Ainagat :  C  K.,   vol.  108,  1889,  p.  228;  Jourii.  (Ic  pliyj*.  (2),  vul.  8, 
1889,  p.  197.    Tjiit:  L<)C.  cit. 
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compression.  But  by  so  doing,  nt  high  temperatures,  the  tube  would 
be  seriously  weakeued  iu  virtue  of  the  diuiinished  viscosity*  of  the  ma- 
terial, if  not  even  distorted.  It  appears,  moreover,  that  the  distinction 
between  isothermal  and  adiabatic  compression  is  beyond  the  scope  of 
the  present  method  of  volume  measurement.  Finally,  since  the  sub- 
stance is  in  the  form  of  an  extremely  fi fie  (capillary)  ^?^/wew#,  the  condi- 
tions are  exceptionally  favorable  to  isothermal  expansion,  for  the  excess 
of  heat  of  the  thread  is  at  once  impartejd  to  the  thick  walls  of  the  cap- 
illary tube.  For  ^his  reason  the  discrepancy  is  not  of  such  serious 
moment  as  would  otherwise  be  the  case.  Hence  I  made  my  observa- 
tions by  varying  pressure  from  20  atmospheres  to  the  maximum  and 
then  from  the  maximum  back  to  20  atmospheres,  with  only  such  allow- 
ance of  time  as  was  necessary  for  observation  at  the  successive  stages 
of  pressure. 

[Near  the  critical  temperature  only  is  the  distinction  between  isother- . 
mal  and  adiabatic  decidedly  larger  than  the  errors  of  volume  measure- 
ment. 

The  chief  reliance  was  placed  on  the  constancy  of  the  fiducial  zero. 
The  volume  increments  must  be  identical,  no  matter  whether  they  iire 
observed  during  the  pressure  increasing  or  during  the  pressure-de- 
creasing march  of  the  measurements. 

14.  Thermal  expansion. — My  measurements  of  thermal  expausioji  are 
incidental;  but- they  are  necessary  for  the  coordination  of  results. 
Without  a  bulb-tube  such  measurements  are  not  very  accurate,  and  the 
inaccuracy  is  much  increased  by  the  breaking  off  of  the  ends  of  the 
mercury  thread  whenever  the  substance  operated  on  solidifies.  In 
X)assing  from  one  constant  temperature  to  another  an  exchange  of  boil- 
ing tubes  is  to  be  made,  and  it  is  almost  impossible  to  keep  the  sub- 
stance in  the  capillary  tube  fused  during  the  whole  of  the  time  for 
readjustments.  On  solidification  the  substances  contract  as  mu(;h  as  10 
per  cent.  The  mercury  thread  is  therefore  forced  into  the  vacuities  in 
the  axis  of  the  solid  thread.  After  fusing  again,  iff  will  be  found  that 
the  lower  column  of  mercury  has  broken  into  distinct  little  pieces, 
s<mietimes  in  great  number,  alternating  with  little  threads  of  the  sub- 
stance. All  of  these  must  be  measured,  an  f)peration  whicli  is  not  only 
excessively  tedious,  but  makes  the  expansion  measurement  very  inac- 
curate. For  the  same  reason  no  correction  need  be  added  for  the  ex- 
pansion of  the  glass.  The  error  thus  introduced  is  usually  small,  and  not 
greater  than  2  or  3  i)er  cent  in  unfavorable  cases  of  low  temperature. 
See  Tables  5  et  se<|.  At  high  temperatures  such  a  correction  would  be 
arbitrary,  for  the  reason  given  in  §  11.  In  these  cases,  however,  it  is 
probably  altogether  negligible,  particularly  so  near  the  critical  tem- 
perature. 

>  It  in  interoHting  to  note  that  eontinned  pre8»ui^  weakens  glass  grctdually,  but  without  any  apparent 
chauge  of  vulnmo.  The  oonditions  of  rapture  may  not  bo  reached  till  after  the  lapse  of  much  time. 
The  tulies  used  must  be  of  well  annealed  gloss.  Any  temper  strain  is  sure  to  cause  rupture  at  rela- 
tively low  prt'«SHures. 
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EXPEBIMENTAL   RESULTS. 

16.  ETplanaiion. — My  first  results  were  obtained  with  capillary  tubes 
the  middle  part  of  which  had  to  be  blown  out  into  a  buJb.  Around 
this  a  jacket  of  solder  was  cast  and  the  whole  contained  in  a  brass  tube, 
I  found,  however,  that  breakage  took  place  from  pressures  of  only  20(1 
atmospheres,  that  corrections  for  glass  expansion  could  not  be  esti- 
mated, and  that  the  adjustment  of  the  bath  for  constant  temperature 
was  unsatisfactory.  I  will  therefore  omit  the  data  obtained,  as  they  only 
corroborate  the  following  rcsult^s.  Having  thus  fouM  that  compressi- 
bility would  be  measureable  in  cylindrical  tubes,  my  next  experiments 
were  ma<le  in  somewhat  wider  and  thicker  tubes  than  those  discussed 
in  §6.  They  have  an  advantage  inasmuch  as  a  filamentary*  thermo- 
couple can  be  drawn  thnmgh  the  tube  without  vitiating  the  volume 
measurement;  but  they  broke  under  300  atmospheres  and  were  not 
conveniently  thin  for  the  thermal  bath.  These  results  are  also  rejected 
here,  but  will  be  cited  in  §  42,  where  the  direct  observations  of  contrac- 
tion on  cooling  under  pressure  are  exhibited.  Finally  1  made  use  of  tlie 
thermometer  capillaries  already  described,  §  6.  In  the  earlier  work 
(naphthalene,  monochlor  acetic  aci<l),  I  did  not  introduce  the  upi)er  tlu'ead 
of  mercury,  sealing  the  tube  with  a  solid  cold  thread  of  the  substance  of 
the  sample.  This  introduces  arbitrary  errors  at  the  point  where  solid 
and  fused  substances  meet;  for  on  increasing  pressures  some  of  the 
liquid  will  be  converted  into  solid,  thus  decreasing  the  length  of  the 
column.  Tlie  reverse  takes  i)lace  on  removing  pressures.  Nor  is  it 
possible  to  measure  the  length  of  thread  of  substance  accurately,  since 
the  point  of  meeting  of  solid  and  liquid  rises  as  the  heating  continues 
or  when  the  stationary  distribution  of  temperature  is  interfered  wath. 
Hejice  the  facility  of  charging  the  tube  is  not  compatible  with  accuracy 
of  measurement,  and  I  give  these  results  only  because  many  subse- 
quent trials  made  to  repeat  them  failed  through  accidents. 

The  bulk  of  the  following  experiments  were  made  as  detailed  in  §  6. 

Throughout  the  following  tables  L  is  the  length  of  the  thread  of  sub- 
stance, at  the  temperature  6;  'v/V,  the  corresponding  volume-decre- 
ment due  to  the  acting  pressure  p.  Finally,  /3  is  the  nxean  compressi- 
bility between  po,  the  initial  pressure,  and  the  x)ressure  given.  Values 
marked  observed  and  calculated  and  other  information  in  the  tables 
will  be  discussed  below,  §34  et  seq. 

16.  Ether, — My  results  for  ether  are  given  in  Table  4.  Manipula- 
tions were  made  exceedingly  difficult  because  of  some  sulphur  present 
in  the  liquid.  Tliis  at  once  attacks  the  mercury  and  destroys  the  cohe- 
sion of  the  thread.  Above  100^,  the  thermal  expansion  increases  enor 
mously,  so  that  I  found  it  necessary  to  operate  with  two  threads,  the 
long  one  for  low  temperature  and  the  short  one  for  310^,  The  tubes 
were  filled  by  the  U-tube  method,  §  7. 

For  the  reasons  given  the  initial  pressure  could  not  be  kept  constant, 
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Fio.  1.  Relative  isothennals  of  ether.    po=100  atmospheres,  «o=29° 

Fig.  2.  Relative  Isopiestics  of  ether.    iJo=IOO  atmospheres,  Bo=2d°.   GoOQIc 
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)  tubes  not  being  long  enough.  Hence  Table  5  has  been  coinpiited, 
xAiich  all  data  are  reduced  to  the  uniform  initial  i)ressure,  po  =  100 
iiospheres. 

Table  6  Anally  shows  the  corresponding  expansion  data.  It  may  be 
iced  that,  supposing  the  given  conditions  to  continue,  ether  would 
se  to  expand  at  1,100  atmospheres.  These  results  are  graphically 
eated  in  PI.  in,  Fig.  1,  of  wliich  the  curves  are  isothermal  volume 
rements  referred  to  unit  of  volume,  at  the  temperature  given  on  the 
ve,  and  at  the  inital  pressure  ^o  =100  atmospheres.  In  PI.  iii,  Fig. 
have  similarly  given  the  i^opiestic  volume  increments  referred  to 
t  of  volume  at  29°  and  at  tlio  pressure  given  on  the  curve. 
he  two  rows  of  results  for  lO^xr/T,  given  in  tables  4,  7,  et  seq., 
e  obtained  enuring  the  pressure-increasing  and  the  pressure- decreas- 
series  of  the  experiments.    This  has  already  been  explained  in  §  13. 

.E  1. — Compresaibilitrf  of  ether.    Direct  measureinents.    B.  P.,  S^;  critical  tem- 
perature, 195^. 


L,0 

P 

yAl0» 

yXlO» 

pxio« 

Mean 
pxlO» 
0  to  400 
atmos- 
pheres. 

14-6«« 
290 

(      20 
100 
2m 
300 
400 

0-0 
141 
291 
42-8 
541 

00 
13-4 
291 

41-8 
53-8 

00 
19-7 
410 
56-8 
71-9 

172 
162 
151 
142 

15vV« 
640 

f       20 
100 

.       200 
300 
400 

00 
201 
39-7 
571 
71-6 

248 
224 
203 
149 

16-8'™ 
100<' 

r     10 

100 

200 
1      300 
[     400 

00 
360 
65-8 
87-8 
106-5 

0 

80 
122 
118 
169 
186 
200 
2U 

00 
35-4 
64-9 
87-5 
105-5 

896 
34-1 

302 
272 

21-8«» 
1770 

r    50 
100 

150 
200 
250 
300 
350 
^     400 

0 
80 

1,600 

1,220 

990 

8J5 

745 

148 

•""186" 

687 
6G5 

212 

SHORT  FIBER,  i„T^5-34*« 


U-6«« 
310O 

r   100 

150 
200 
250 
300 
350 
.     400 

0 

287 
382 
431 
463 
485 
502 

0 

^7 
38-i 
431 
463 
484 
502 

5.740 
3. 820 
2.  870 
2,  :r?G 
1,  9  m 
1,600 
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Table  5. — Compre^HbiliUj  of  ether,  referred  to  100  atmospheres. 


290 
1437^ 


650 


Observed. 
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i.XlOS 


^X10« 


Com-     t 
pntod. 


i.X10« 


100  ; 
200  I 
300  ■ 

400  I 


100 

200 
300 
400 


00    . 
15  6  , 

2i«-9  I 
40-8  , 


156 
145 
136 


0^ 
15-4 


Diff.Xl0» 


+0-2 

•0 

—    1 


dXlO* 


163 


*oXlO* 


194 


16-25*" 


185° 
2008"" 


310° 


100 
200 
300 
400 


00 
30-5 
536 
72-2 


100 
200 
300 
400 


00 
74- 1 
1 15-5 
143-5 


305 
268 
241 


741 
577 
478 


00    

29-9  I  +  -6 
5^i  ;  -f  -2 
72-8  ■         ^  -6 


71-5  , 
114-7 


2-6  i        1,005 


145-6  —2 


100 

0 

200 

382 

300 

462 

400 

502 

3,  820  I 

2.310 

2,510 


0 
383 
460 
503 


-1  34,250 

n-2      I ' 

.-1       ! 


•■  SeooiMl  Raniple. 


Table  G.—The^inal  expansion  of  etbei-  yXlO\  referred  to  2S^, 


Atra.  = 


e--. 


f     29^ 


I 


10(P 

185^ 
310° 


!   100. 

200. 

300. 

400. 

0 

(» 

0 

0 

57 

.■')1 

48 

43 

'     13J 

114 

103 

93 

397 

315 

274 

246 

1,770 

733 

528 

435 

COMPUTED 


VALUES  \r^ln{\~^(9  —  h)\      ^■^-    So«  §  «■ 


29^5  ' 
65^  i 
IIH)^  , 

t  310-5  I 


» 

—  5 

—  6 

—  4 

59  ; 

50 

45 

40 

136  1 

112 

100 

80 

389 

305 

266 

.   232 

1,750  , 

860 

690 

562 

17.  Alcohol. — The  alcohol  used  was  not  free  from  water,  thoiif^rh 
commercially  absolute.  Table  7  contains  the  observations  made  for 
compressibility.  The  initial  pressure  had  a|?ain  to  be  changed  at  Ligrh 
temperatures.  Hence  I  have  computed  Table  8,  in  which  the  initial 
pressure  is  uniformly  150  atmospheres.  The  corresponding  values  of 
thermal  expansion  are  given  in  Table  0.  Of  the  charts,  PI.  iv,  Figs.  1 
and  2,  the  former  are  isotlieiinal  decrements,  each  referred  to  unit  of 
volume  at  the  initial  i)ressure,  150  atmospheres,  and  at  the  temperature 
marked  on  the  curve.  Similarly  the  isopiestics,  Fig.  2,  are  refened  to 
unit  of  volume  at  28^  and  at  the  prcs^siire  ^^i^itjif^^ing^ol^^  results 
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Fia.  1.  Relative  isothermals  of  alcohol.    po=150  atmospheres,  09=28**. 
Fio.  2.   Relative  isopiestics  of  alcohol.    po=150  atmospheres,  0o=^- 
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'  more  satis&ctory  than  ether,  because  a  single  thread  only  was  used. 
coikstriictini^  Tables  5  and  8  I  had  to  sacrifice  some  observations. 
t  it  seemed  better  to  do  this  than  to  reach  the  lower  initial  pressure 


more  or  lews  arbitrary  hypotheses. 
en  side  by  side. 


The  two  sets  of  data  (§  16)  are 


BLE  l,—Com^}'€88ibilUif  of  alcohol.     Boiling  point j  7S^;  critical  temperature,  23(P, 


L,B 


OSS'" 

27° 


63^  , 


100° 


100 

200  I 
300  ' 
400  [ 

20  j 
100  I 
200  I 
300  I 
40O  [ 


12-25''™  I  I 

180°  1 


21-75"-  j 
310° 






.XIO' 

^rXlO^* 

^X10« 

0-0 

0-0 

9.7 

89 

iio 

18-6 

17-8 

lot 

27-1 

26.0 

95 

341 

33-G 

90 

OO 

0-0 

9-4 

9-6 

118 

20-2 

20-6 

113 

31-5 

30-8 

111 

400 

•39'5 

•         104 

0-0 

0*0 
14-3 

' 

151 

184 

28-4 

291 

HM) 

420 

41 -G 

150 

52-9 

53  1 

ua 

0*0 

00^ 
35-3 

35-9 

445 

07  1 

0(i-6 

372 

911 

90-3 

-324 

110-0 

1100 

290 

0 

0 
208 

, 

212 

4,200 

U89 

291 

2. 900 

334 

333 

2,220 

303 

3(J4 

1,820 

380 

385 

1,530 

Table  S.—^ompreHHihiHiy  of  alcohol,  rifernd  to  loO  atmospha^es. 
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('om- 
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00 
4-3 

12-6 
20-2 

00 
5-6 
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25-5 

00 
7-6 
21-5 
34  0 

0-0 
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CI -8 

Diff.  X 10^ 

•0    . 
•0 

•o|. 

-0    . 

—  •1 

4--1    - 
-"t  1- 

■\  -i  !• 

—  •9  1. 

•0    . 
•r    -6 

•-■-•5 : 

d 

^0 

1 

86  i 
85 

89 
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81  1 

1 

no  I 

109  1 
100 

115 

136 



1 

ioa  [ 

144  , 

158 

20i 

132 

, 

3-20  1 
274 

331 

m 

24 '>  ' 



• 

4.-200 
2.  •22.> 
1.  530 

219 

33!) 
385 

111 

—  1    . 

13,880 
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Table  9.— Thermal  expumion  oj  alcohol^  -  x  10*,  referred  to  2S^. 


lL\m.= 

150 

200 

300 

400 

(     280 

0 

0 

0 

0 

65° 

35 

35 

31 

30 

e= 

\    100° 

87 

82 

78 

73 

1850 

229 

217 

195 

178 

I  310O. 

1,280 

828 

555 

447 

18.  Palmitic  acid, — The  data  are  given  in  Tables  10  and  11,  on  a  plan 
uniform  with  the  above.  Owing  to  accidents,  two  threads  were  observed ; 
the  first  between  O^o  and  185°,  and  the  second  between  65^  and  310^. 
At  65°  solidification  set  in  at  400  atmospheres.  The  necet«sary  residt  is 
distortion  of  the  curvature  of  the  loci.  Much  difficulty  was  encountered 
because  of  breaks  in  the  mercury  thread.  Hence  the  circumflexure  iu 
the  isopiestics  is  probabfy  an  error  of  observation  (Of.  PI.  v). 


Table  10. — CompressibilUy  of  palmitic  acidf  CjjillsaOa. 

point  J  :33CP. 


Melting  point,   6^;    boiling 


A« 

P 
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(      20 
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00 
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82 
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00 
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160              165 
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[ 

48  2              47-7 

48-5            —0-4 

1 

1 

*  Including  tlio  lower  «eri«>s  for  65°. 

SECOND  SAMPLE. 


t  Solidifying. 
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Fio.  1.  Relative  iflothermals  of  palmitic  acid.    po=20  atmoepheres,  ^=65° 

Fio.  2.  Relative  isopiestics  of  palmitic  acid.    po=20  atmospheres,  $^=96°.. 
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Table  11. — Thermal  expansion  of  palmitic  acid,   yXl^  referred  to  65^, 


Atn..=- 
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200 

300 

400 
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"•  = 
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1 
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1 
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10.  Paratoluldine. — The  followincr  data,  Tablea  12  and  13,  and  the  dia- 
grams, PI.  VI,  were  obtained  for  toluidine.  A  feature  of  these  results  is 
the  circmnflexure  of  the  isopiestic  increm(»nts  in  the  undercooled  part 
of  their  course.  This  is  probably  not  an  error,  sin(5e  it  recurs  again 
under  similar  conditions,  in  case  of  tliymol,  §  25.  It  may  be  noted  that 
if  contraction  due  to  cooling  under  pressure  continued  at  the  same  rate 
as  shown  in  Table  13,  there  would  be  no  volume  cliange  at  1,400  atmos- 
pheres. I  found  that  to  solidity  the  undercooled  liquid  as  much  as  500 
atmospheres  were  necessary. 

Table  12. — Compressibility  ofpara-tolnidine,  CtHtNHj.     Boiling  point,  198°;   melting 

point,  43^. 


0,L 


Observed. 

-xio*  I 

00  I 
4  3  1 

10-0  I 
15-8  , 
20-6  1 


Ml. 

pxio« 

''XIO' 

Q'O 

40 

56 

100 

5S 

150 

59 

20-9 

55 

Computed. 


Diff.  X  10^ 


^X10« 


0.0 

4-C 
10-2 
15  5  I 
20  5  i 


±00 
—01 
—0-2 
-fO-2 
+0-2 


t 


00 

5  5  , 
11-6 
17-4  I 


0-0  I 

14-5 
22  2  ' 

2i)-0  I 


00  ' 

110  I 

22-8  1 

33-4  , 
42-4 


0-0 
5-5 
11-9 
17-4 
23-5. 


0-0  I. 

0  3  I 
14-5 
22  3  ' 
29  3  I 


65  I 
62  I 
62  I 


0-0 

5-3  I 

11-7  I 

17-7  I 

23-4  I 


^0-0 
+0-2  I 
+  00  i 


+0-1  ;■ 


79  I 

81  I 
79  i 
77 


6-8  ' 

14-7  I 

211  I 

2S'H  I 


0-0  '. 

-^5  I 
-0-2  ,. 

+  01    ;. 

+  0-4  '. 


00  . 
10-9  ■ 
22  8  I 
33.4  I 
42-2 


137 
127 
llu 
112 


00 
10-6 
22  5 
33- 1  i 

43- 1  I 


00 

+0.4 
H-0-3 
-I- 0-3 
—0-8 


1 


68 


87 


88 


310^ 

idos^" 


00 
290 
561 
76-2 
92-7 


O'O  1. 
29-4  1 
?520  , 
75-7  I 
92-5  1 


365  I 
300 
271 
243 


27-6 

54-5  I 

76-3  I 

94.5  I 


00 
4-2-0  |. 
4-2-0  1- 
—00  ,. 
-0-2  |. 
I 


422 


*  Liquid,  undercooled. 

Boll,  92 3 


Solidifies  UDdoi-  500  atinos}>)iore8f 
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Table  13. — Thermal  expanHou  of  para-Utlmdiufy  yX  10^,  re/erred  to  f^8°. 


Atin.= 


20 


100  i  2U0     300 


"I 


400 


28      0  I     0  0  0  0 

65  42  41  I  40  Ufl  »8 

100  63  I  60  I  57  56  !  53 

185  1  158  !  149  I  142  '  138  '  131 

310  '  348  !  313  287  i  20o  I  247 


20.  Diphenylamine. — In  the  value  for  dipheuylainine,  given  in  Tables 
14  and  15,  the  initial  pressure  is  unfortunately  zero.  This  introduces  a 
discrepancy  between  the  present  and  the  other  results,  in  which  the 
initial  pressure  is  significant.  The  observations  are  not  as  uniform  as 
the  above.  Of.  PI.  vii.  It  may  be  noted  that  at  2,000  atmospheres, 
supposing  the  given  conditions  of  PI.  vii,  Fig.  2,  to  last,  no  contraction 
would  occur  on  cooling. 

.  Table  li.^CompresHbiHty  of  dipkevylamive.    Melting  point,  54^;  boiling  point,  S1(P. 


X,0 


16»" 
650 


0 
100 
200 
300 
400 
500 


16-4*- 
100° 


17-7«« 
185^ 


0 
100 
200 
300 
400 
500 


0 
100 
200 
300 
400 
500 


Observed. 


10-7«« 

(20-3)'- 

310° 


fXlO« 


00 
6-5 
11-9 
17-9 
23-2 
20-2 


rXlO' 


00 
6-1 
12-8 
19-3 
240 
20-9 


0-0 
11-2 
206 
29-2 
371 
441 


00 
60 
11-9 
17-3 
22-5 
28-4 


00 
6-3 
13- 1 
19-3 
251 
30-5 


00 
10-7 
20-3 
28-9 
36- 1 
44-3 


{         0 

00 

0-0 

](K) 

18-5 

178 

200 

361 

361 

300 

51-5 

50-7 

400 

624 

63-5 

1     000 

741 

751 

^X10« 


63 

60 ; 

59 

57' 
5t 


lir} 

lot? 

97 

9i 


202 
190 
176 
161 
152 


Computed. 

\ 



Diff.  X  10» 

-  y  X  10» 

0-0 

-00 

6-3 

—00 

12-2 

-0-2 

17-9 

-  0-3 

23-5 

—0-7 

28-4 

+0-9 

00 
6-7 
131 
190 
24-7 
301 


00 
—0-5 
—0-2 
-f  0-3 
-fOl 
+0-1 


00 

4  00 

10-4 

+0-6 

20-0 

4-0-5 

28-9 

—01 

370 

-0-4 

44-7 

-0-5 

00 

00 

10-4 

—1-2 

360 

+  01 

50-3 

+0-7 

631 

^01 

74-6 

00 

dXlO« 


65 


doX10« 


69  < 


110 


110 


213 


Table  15. — Thermal  expansion  of  diphenylamine,  WX—,  referred  to  6€9, 


Atin.= 


,..  1 


10(P 

i8r>o 

310° 


00 
12-4 
930 

2300 


100  200  300     i     400  500 


00  00 

12-4  11-3 

88-0  83' 1 

221  0  20.>0 


00  ; 
101 
80-0 
1930 


00 
101 
780 
I860 


00 

110 

760 

178-0 
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21.  Caprinic  add. — Tables  16  and  17,  a.nd  Plate  Tin,  contain  the  re- 
sults for  caprinic  acid.  The  thermal  exi)ansioii  is  irregular,  probably 
due  to  motion  of  the  thread  in  the  tube,  so  that  virtually  two  different 
threads  were  observed.  The  substance  has  a  low  melting-point,  30^. 
Uudercooled  to  25^  I  found  that  it  solidified  at  300  atmospheres  pressure. 

Table  16. — Comjn-essibility  of  caprinic  acid,  CioH-joOa.     Melting  pointj  S(P;   hoiling 

pointy  260"^, 


ObserA'wl. 

X103 

yXlO* 

0-0 

0-0 

4-9 

5-7 

13-4 

12-9 

19-5 

19-8 

25-5 

25-8 

pxio« 


Com- 
puted. 

vXlO^ 


iDilf.  X  10> 


00 

5-9 
129 
19-5 
25-7 

L 

00  I 

7-3  i 

lfl-0  I 

23-8  I 

31-3  I 


00 
90 
19  5 
291 

37-8 


00 
14-9 
31-2 
45-2  , 
57-7  1 


00 
— 0-8 
-{0-3 
-f  0-2 

0-0 


dxio« 


00 
—01 
.00 
00 
00 


00 
—0-2 
4  0-1 
—01 
+0-2 


00 
-iO-3 

00 
-fO.3 
—0-4 


95 


doXlO* 


97 


12i 


200 


207 


Table  17. — Thermal  expansion  of  caprinic  acid,  y  X  10^,  referred  to  S(P, 


Atni.=r- 

20 

1 

(     30<3 

0 

0-= 

j      650 

30 

1    100^ 

59- 

[   18oO 

151    . 

100 

200 

300 

400 

0 

0 

0 

0 

28 

28 

26 

25 

55 

52 

49 

47 

139 

129 

120 

113 

.  22.  Benzoic  acid. — In  view^  of  the  high  melting  point  only  a  single 
series  of  measurements  was  made.    Table  18  contains  the  results. 


Table  18. — Compressibility  of  benzoic  acid,  CSlIcjOi.     Melting  point,  121'^;   boiling 

point,  249^. 


i,fl 

P 

Obso 

^X10» 

L'ved. 
^X103 

/5X10« 

Coni- 
putwl. 

t)iff.  X  10' 

00 
-f  0-9 
—0-1 
—0-2 
— 0-0 

dXlO« 

t?oXlO« 

185^ 

f       20 
100 
200 

00 
11-4 
22-3 
32-8 
421 

00 
11-4 
22- 1 
33-1 
42-5 

00 
10-5 
22-3 
33-2 
42-9 

- 

142 
121 
118 
112 



138 

'     14i 

11  SS-^- 

300 
[     400 

••-edtoy-C 

i&m 

3G 
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23.  Paraffin. — T  made  many  nicasurenients  with  paraftiu,  of  which 
the  following  digest,  Tables  11)  and  20,  probably  contains  the  best  re- 
mXtfi.  At  G40  soliclification  set  in  at  400  atmospheres.  This  is  well 
seen  in  IM.  ix.  Sup])0Sing  the  conditions  to  hold  indelinitely,  there 
would  be  no  contraction  on  cooling  under  a  pressure  of  1,200  atmos- 
pheres. 

Tablk  19. — CompresHthWify  of  pavaffin,     ]\J citing  point,  500, 


040  ' 


Observed. 


1000 


1850 
17-57« 


3100 
19-70«» 


20 
100 
200 
300 
400 


V  I     V 

,,  X  10'        xr  X  10» 


00 
6-5 
14-9 

23-8 
(50-0) 

00 

8-5 

18-7 

27-7 

35-8 


(•   20 

0  0  1 

100 

6-8  1 

200 

14-9  j 

300 

23-6 

{     400 

(*) 

r  20 

1 
00 

100 

8-5 

200 

18-5 

300 

27-6 

[  400 

35-6 

00 
13-8 
270 
41-2 
62-3 


20 
100 
200. 
•BOO 
400 


0-0 
26-8 
510 
72-4 


(?oniput(Mt., 

/3>.io»  ,"   liiff.  :<io»    dxio" 

i    i.xio* 


8:; 

83  ' 

84  ■. 
(140)  . 


0  0  —0-0 

0-8  ,         —01 
14-8!  -+01 


I 


106  I 
103 
09 


0-0 

8-5 

18-5 

27-4 

35-8 


00 
13-8 
28-2  I 
41-4 
520 

00  1. 

26-2  I 

52-1  I 

71-8  I 
89-6 


I 

172  I 
156  ! 
147  j 
137 


0-0  I 
13-3 
28- 1  I 
411  ' 


331 
289 
257 
236 


00 
260 
51-7 
72-7 
90-3 


—00 

00 

-}0-l 

^o■2 
—01 

00 

+0-5  I 
00  i 
+0-2 
—05  j 

00 
+  0*5 
I  0-3 
-0-6 
—0-6 


111  I 


I 


178  i 


360  j 


'  Solidifying. 


Table  20.— T/Srcrma?  ejqyanshn  of  paraffin  ^  y  x  lO**,  referred  to  64^, 


114 


184 


392 


Afm.^l 

20 

00 

264 

108-0 

2410 

100 

200 

300 

400 

tf=  64  1 

100  ' 

18.'i 

310 

00 
24  1 

100-0 
2100 

1 

00 

231 

920 

190-5 

00 
220 
87-8 
1810 

00 
221 
83-8 
1070 

24.  Further  results  for.paraflBn  are  given  in  Table  21  and  the  chart, 

PI.  X.     In  this  case  the  capillary  tube  was  closed  above  by  fusion,  and 

the  parflian  introduced  in  vacuo.    Solidification  takes  place  at  69^  under 

600  atmospheres.    The  divers  columns  v/  V  were  obtained  in  separate 

'  ^ents  on  diflcrent  days. 
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BABUs.)        COMPRESSIBILITY    OF    PARAFFIN    AND    OF   THYMOL. 
Table  21. — CompresHhility  of  paraffin.    Melting  point,  5J°. 


37 


9,L 

P 

r    0 

100 
200 
300 
400 
I     500 

^X10» 

-y  X  Vfl  ' 

-y  X  10' 

yXlO' 

0X1O« 

Compnt4id. 

doXlO* 

-f  X  10» 

1850 
18-9^- 

00 
17-6 
31-8 
450 
56-1 

00 
17-8 
32-2 
45-3 
55-9 

00 
17-1 
32-2 
45-8 
56-4 
671 

00 
181 
82-4 
45-7 
56-9 
(*) 

00 
17-2 
31-9 
45-2 
56-8 
67-4 

176 
161 
151 
141 

m 

188 

1 

100° 
17*- 

f        0 
100 
200 
300 
400 
600 

00 
11-4 
220 
310 
30-2 

00 
11-4 
21-8 
310 
39-2 

00 
11-4 
21-7 
30-6 
39-4 
46-9 

00 
11-4 
21-5 
30-G 

m-9 

46-9 

0-0 
11-2 
21-4 
30-7 
39-3 
47-2 

114 
109 
102 
98 
94 

118 

650 
170«" 

f         0 
100 
200 
300 
400 
500 

00 

io:{ 

186 
26-3 
t34-6 
800 

00 
9-9 
181 

1 
00  1            00 
10-0  1             9-8 
18-4  1           18-4 

0-0 
9-5 
18-4 
26-6 

100 
92 
87 
86. 
(160) 

100 

20-2 
34-3 







*  Tubo  breaks. 


t  Kolitlifying,  solid  at  500  atinoHpheres. 


25.  Thymol. — Tables  22  and  23  and  the  accompanying  PI.  xi,  give 
ill  account  of  the  behavior  of  thymol.  Like  toluidine,  §  19,  thymol  ad- 
lits  of  considerable  undercooling,  and  the  isopiestic  increments  show 
rcumflexure  in  this  region.  (See  Fig.  2,  at  a.)  Supposing  all  con- 
itions  to  hold,  no  volume  change  would  ensue  on  cooling  under  1,200 
inospheres  pressure. 

lBLE  22. — Compressibility  of  thymol,  CioHmO.    Melting  point,  5S^;  boiling  point,  SSS^, 


0,L 

P 

Observed. 

/5X10« 

Computed. 
yXlO* 

Uiff.  X  10« 

dX10« 

doXlO* 

^^X10> 

V 

^X10> 

0-0 

6-3 

110 

17-0 

21-7 

14-67"» 

20 

100 

200 

300 

,     400 

20 
100 
200 
300 
400 

20 
100 
200 
300 
400 

0-0 

5-5 

10-9 

170 

21-8 

0-0 
5-1 
111 
16-7 
221 

67 
6l 
61 
57 

+0-3 
—01 
+0-3 
—0-4 

65 

66 

0-0 

5-6 

12-4 

19-6 

25-5 

^  7-6 

'l6-2 

24-4 

30-7 

0-0 

5-4 

12-3 

19-9 

24-5 

0-0 
7-5 
16-2 
24-2 
30-9 

00 
5-7 
12-6 
190 
25'1 

0-0 
7-4 
160 
23-9 
31-4 

64° 

69 
69 
70 
66 

—0-2 
—0-2 
+0-7 
-0-1 

74 

76 

15"  29^"  1 

lOOo 

94 
90 
86 
80 

+0-1 
-fO-2 
+  0-4 
—0-6 

96 

97 

16-78*- 

*  Liquid  uudcrcooled. 
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Table  22. — Compressibility  of  thymol,  CjoHmO— Continued. 


»,x 

P 

Observed. 

pxw 

Compufed. 

Biff.  X  103 

dxiofi 

^oXlO* 

yXlO*     yXJO' 

^X10> 

185° 
17.05c« 

20 
100 
200 
300 
^     400 

00 
12-3 
26-1 
38-0 
48-3 

00 
12-2 
25-9 
37-8 
486 

00 
12-2 

25-8 
37-8 
48-8 

153 
144 
135 
127 

00 
+0-2 
■fO-1 
-0-4 

161 

166 

310O 
19-5«- 

20 
100 
200 
400 
,     300 

0-0 
330 
611 
83-6 
1020 

0-0 
820 
60-5 
83-6 
1010 

00 
31 
61 
84 
103 

407 
338 
299 
267 

4-0-2 
.       +01 

—0-2 

448 

487 

ANOTHER  SAMPLE. 


310° 
16-47'» 

f  20 
100 
200 
300 

^     400 

0-0 
34-0 
62-4 
825 
1020 

1 

425  ' 

347    

295    

• 

2G9          ... 

1 

Table  23. — Thermal  expansion  of  thymol,  y  X  10'»,  referred  to  f^. 


Atin.= 

20 

100 

200 

300 

400 

«  = 

f     28° 

65° 

{    100<> 

185'^ 

I  310° 

42 

76 

162 

329 

43 

73 

154 

293 

4i 
71 
145 
263 

39 

68 

138 

239 

39 
65 
130 
220 

26.  In  §§26  to  29  results  are  given  for  a  variety  of  substances.  In 
view  of  tlie  high  melting  points,  only  two  series  for  each  were  feasible. 
At  310°  azobenzol  decomposes.  The  results  were  rejected.  The  use 
of  this  colored  substance  pointed  out  an  irrenicdiable*error,  due  to  the 
adhesion  of  a  film  of  substance  to  the  glass,  between  the  mercnrj'^  and 
tlie  walls  of  the  tube.  In  case  of  comi)ression,  the  advancing  thread  of 
mercury  therefore  moves  on  a  cushion,  as  it  were. 

Tablk  24. — Compressibility  of  monobrom  camphor,  doHieBrO.     Melting  point,  7G^; 

boiling  point,  274^. 


0,L 

P 

Observed. 

^X10« 

Conipiitod. 

Diff.  X  103 

*X10« 

*oX10« 

-yXio» 

Ir  X  10» 

-^xio» 

lOOo  'J 
1403""     j 

20 
UK) 
200 
300 

00 

6-6 

141 

21-5 

00 

6-6 

141 

91  5 

0-0 
6-6 
14-3 
21-4 

0-0 

O'O 

-0-2 

-hO-1 

82 
78 
77 

83 

85 

185°     I 
14-80--     1 

20 
100 
200 
300 

0-0 
9-8 
2(»0 
29-7 

00 

0-9 

19-9 

29-9 

00 
9-5 
20-2 
301 

00 
40-4 
—0-2 
-0-3 

123 
111 
100 

123 

126 

rf-^ 
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Fio.  1.  Relative  isothernmls  of  caprinic  acid.     po=20  atmospheres,  5o=*>*'. 
Fio.  2.  Relative  iM>pie6tics  of  caprinic  acid.      ;jo=20  atmospheres,  B^=iSSy*. 
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Table  25. — Thei*mal  expansion  of  monohrom  camphor,  y  x  l(P,  re/erred  to  tO(P. 


Atra.=: 

20 

100- 

800 

«00 

tf= 

C  100° 
{   185° 

0-55  j     ^-51 

0-40         0-46 

Table  26. — Compressihility  of  a-naphtholy  CioHj,0.    Melting  point,  94°;  hoiling  point, 

27fP. 


0,L 

^ 

Obsc 
y  X  16* 

rved. 

yXlO* 

00 
60 
10-7 
161 
205 

/5X10« 

Com- 
puted. 

Diff.  X  10« 

00 
+0-9 
—0-1 

—0-8 

dXlO" 

doX19« 

lOOo 
1510«- 

f      20 
100 

{     200 
300 

[     400 

00 
5-6 
10-3 
16-9 
20-5 

00 
0-7 
]4-3 
21-3 
2«fi 

0-0 
4-9 
10-6 
181 
21-3 

72 
58 
57 
54 

62 

62 

l«5o 
15-97- 

f       20 
100 

I      200 
300 

[     400 

00 
6-8 
14-4 
21-6 

28-4 

00 
6-6 
14-4 
21-6 
28-4 

00 
+  0-2 

00 
-01 

+  0-1 

85 
80 
77 
75 

85 

87 

i 

1 

Table  27. — Tha^mal  expansion  of  a-naphthol,  y  X 10",  referred  to  10(P, 


Atm.-=' 

*—    \   185° 

20 

100 

200 

300 

400 

0 

58 

0 
67 

0 
54 

0 
51 

0 
49 

Table  2l^.—Compre8B\Ulity  of  azohenzol,  C12H10N2.    Boiling  point,  S9S°;  melting  point, 

66°, 


V      1 


Computed. 


125 
118 
113 
108 


rXl0» 


00 
6-2 
13-3 
20- 1 
260 


00 
100 
21-3 
31-4 
40-9 


Diff.  X  10^ 


00 
H  0-2 

00 
+  0-3 
—0-3 


00 

0-0 

00 

—0-2 

—01 


d  X  10«    I   ^0  X  10* 


79 


131 


80 


134 
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r 
Table  29. — Expansion  ofazobenzol,  p  X  lO^,  referred  to  KXP, 


Atin.= 

20 

100 

200 

300 

400 

9— 

S   lOOo 
{    1850 

0 
74 

»      n" 

0 

0 
64 

0 
61 

Table  30,  —Compreanibility  of  vanilline,  CgHsOa.    Melting  point,  8(P;  boiling  point, 

S8o^, 


0,L 

P 

<      20 
100 
200 
300 

Observed. 

^X10« 

Computed. 

0-0 
4-6 
9-9 
150 

Diff.  X  10» 

dxio« 

*.X10« 

^X10» 
00 
161 

0.0 
3-9 
9-6 
15-6 

100° 
1504'» 

6-0 

-o-e 

-0'3 
+0-9 

50 
53 
57 

68 

58 

1 

185° 
1610^« 

f       20 
J      100 
1      200 
I     300 

0-0               0-0 

00 
71 
IRA 

00 
-fOl 
+0-3 
-^•4 

7-1 
15-5 
22-7 

7-2 
15-9 
22-7 

90 

87 

92 

93 

81               23-1 



[ 

Table  31.— i2arpan»{(m  of  tamUine^  y  X 10^,  referred  to  10(P, 


Atm.=^ 

20 

100 

200 

0 
65 

300 

9= 

C    lOOo 
\    185^ 

0 

71 

0 
67 

0 
64 

80.  Naphthalene. — The  results  of  the  following  two  tables  were  ob- 
tained without  an  upper  mercury  thread,  and  are  therefore  alFected 
by  the  error  discussed  in  §  15.  They  contain  many  points  of  special 
interest,  however,  and,  in  view  of  the  long  threads  (X  =  20"'"),  I  think 
the  discrepancy  in  question  slight.  It  will  be  seen  that  at  lOO^  naph- 
thalin  solidifies  at  000  atmospheres.  Monochloracetic  acid  did  not 
solidify  outright.  The  compressibility  observed  for  the  solid  column  I 
believe  to  be  due  to  the  presence  of  an  excess  of  water  of  crystalliza- 
tion in  the  hygroscopic  acid.  Compressibility  here  is  a  solution  phe- 
nomenon, and  the  excessively  large  value  of  /i  is  thus  explicable.  The 
sjime  phenomenon  will  be  observed  below,  Chapter  iii,  in  case  of  sili- 
cated  water. 

A  few  other  substances  (phenanthrene,  sodic  acetate)  were  tried^  but 
without  obtaining  publishable  results. 
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Table  32. — Compremhility  of  naphthalene.     Melting  pointy  8(P;  boiling  point,  tW^, 


'  Solid. 


31. 


Table  33. — CompressibiWg  of  monochlor-acetic  acid. 

point,  18S^. 


Melting  point,  G^;  boiling 


0,L 


185^ 
22-2«* 


650 
20-3^» 


,.X10» 


60 
150  ' 
250  i 
350  I 
450  ; 


00 
14-9 
25-2 
360 
44-6 




50 

00 

J  50 

7-4 

250 

13-8 

'.'.oO 

20-3 

450 

25-7 

550 

30-7 

•vchL 

^X10« 

Computed. 

doXlO- 

yXlO» 

^xio» 

00 
13-3 
252 
360 
45-7 

142 

140 
126 
120 
112 



0-0 
7-4 
13-8 
20-0 
25-2 

00 
60 
13-6 
19-8 
25-7 
31-2 

72 

74 
69 
C8 
64 
61 

:::::::::: 



i_ 1 1 

100 
85 
71 
61 

^  Column  solid. 
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METHOD   OF  DIROX\SSION. 

32.  Plan  pur Hued, — I  shall  endeavor  to  discuss  the  above  data  in  the 
following  way:  Having  given  (M^rtain  relations  between  volume  and 
pressure  obtaining  at  any  given  temperature,  let  a  close-fitting  func- 
tion be  investigat<*d,  such  that  for  the  same  pressures  the  calcuhited 
values  of  volume  decrement  must  eventually  be  greater  than  the  ob- 
served values  will  be.  Let  another  function  be  investigated,  such  that 
for  the  same  pressures  the  calculated  values  of  volume  decrement  must 
eventually  be  less  than  the  observed  values  can  be.  The  actual  data 
must  therefore  lie  within  the  band  or  pathway  included  between  the 
two  functions  in  question.  In  other  words,  the  couple  of  functions  max)s 
out  an  isothermal  zone,  as  it  were. 

Now,  suppose  it  is  possible  (the  proof  will  be  given  by  trial)  to  so 
adjust  the  two  functions  that  throughout  the  interval  of  observation 
they  both  fall  within  the  limits  of  error,  then  it  is  probable  that  any 
l>roperty  which  is  simultaneously  predicted  by  both  functions  may  con- 
fidently be  assumed  as  the  property  of  the  unknown  isothermal.  So 
h)ng,  therefore,  as  the  two  functions  do  not  diverge  seriously,  there  is 
here  given  a  judicious  method  of  extrapolation,  by  which  relations  be- 
yond the  limits  of  exi)eriment  may  be  apin^ehenUed. 

33.  Quadratic  constants. — ^Now,  in  order  to  arrive  at  tbe  probable 
nature  of  such  functions,  it  is  exi)edient  to  pass  parabolas  through  the 
observations.  The  ordinary  vertical  parabola  is  clearly  inapplicable. 
It  predicts  a  maximum,  and  is  ther(»fore  incompatible  with  the  nature 
of  the  locus  to  be  found.  Nevertheless,  the  zero  compressibility  may 
thus  be  deduced  with  some  certainty,  and,  moreover,  from  the  relation 
of  the  two  constants,  additional  inferences  may  be  gleaned. 

In  Table  34  I  have  entt*red  the  two  constants  in  question,  respectively 
denoted  by  m  and  n,  supposing  that 

y^=  10^  v/  F = wi|?  —  np^j 

where  y^  is  the  volume  decrement  at  the  pressure  j?,  under  conditions 
of  constant  temperature  0.  The  table  further  contains  boiling  an<l 
melting  points  (B.  P.  and  M.  P.,  respectively),  as  well  as  the  total  ther- 
mal expansion  jy,  from  6^  =  0^  to  the  value  of  (^  cited,  when2>  =  0. 
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Table  34. — Quadratic  constanta  which  reproduce  the  isothermal  decrcmente. 


ulMtcinoe. 

0 

10*  X  TO. 

10«Xn.!l0»X^J 

I 

Substance. 

e 

10«XTO. 

10«Xn. 

1Q?XE. 

iiiticacid: 
li.  v.,  350O 
M.P.,  620 

r3i(p 

J  185'^ 
11000 
[  65° 

315 
161 
100 
88 

207 
93 
30 
25 

199 

107 

26 

0 

1 
Monobroin  cam- 
phor: 

B.  P..  274°    C  18.-.'^ 
M.  P.,   76°    i  100^ 

129 
85 

80 

28 

55 
0 

-tohiidine: 
B.  P.,  198° 
M.P.,  43° 

fSlOo 
185^ 
100° 
05° 

.  28^ 

387 
141 
81 
60 
5<S 

404 
81 

0 
25 

3 

158 

63 

42 

0 

aNaphthol: 

B.  P.,  280^    C 185-5 
M.P.,   940    ilOiP 

85 
70 

29 

60 

58 
0 

Axobeiizol:' 

52 
29 

74 
0 

enylamine: 
A  P.,  310° 

fSlQo 
J1850 

[  65° 

197 
113 
64 
62 

02 
54 
3 
12 

235 

93 

12 

0 

151 
59 
30 
0  i 

B.  P..  2033    ^  18-)^i        127 
M.P.,   6«o  \\im^'         8tf 

1      •     1 

M.P.,  54° 

VRDillino:               1 

B.P.,  2x50     (18S° 
M.  P.,  80^  ;  { 100^ 

1 

92 
47 

39 
32 

71 
0 

iiiic  acid: 

fl85o 
J  1000 
1    650 
[  BOO 

196 
116 
92 
71 

125 
46 
27 
5 

B.  P..  270O 
M.P..  3(P 

Alcohol: 

B.P..780 

r3io° 

1853 

\  100^ 

65° 

[  28=> 

3,280 
341 
178 
111 

87 

6,970 
418 
209 
28 
20 

1.290 

229 

87 

35 

0 

)io  arid : 
«.  P.,  2490 

|l85o 

.     143 

03 

M.  P.,  121° 

Ethor: 

B.  P.,  340 

f310o 

185" 

\  100^ 

650 

[  290 

3,583 
776 
340 
224 
167 

6,857 
992 
346 
170 
107 

1,770 

397 

131 

57 

0 

ino: 
M.P.,  550 

f310^ 
J  ISo-^ 

lioo-^ 

[  653 

310 
177 
110 
83 

320 

"110 

43 

0 

210 

0 

1 

ol: 

B.  P.,  233-^ 

M.P.,  630 

(310-3 

iss-^ 

100^ 

65° 

,  280 

435 

159 

97 

69 

«7 

484 

85 

40 

2 

26 

329 

102 

1G 

42 

0 

KESSIBILITY  IWCRExlSING  INVEUSELY  AS  THE  PRESSURE  BINO- 
MIAL. 

Transition  to  exponential  constants. — ^Tliere  are  two  points  of  view 
►\iiicli  the  data  of  Table  34  are  important: 

Oomi>ressibility  m  increases  at  a  rapidly  accelerated  rate  with  tem- 
ire,  caet.  par.  (2)  Compressibility  m  and  the  datnin  for  curvature 
intimately  related.  This  points  out  that  a  fundamental'  relation 
and  p  will  probably  exist  independently  of  the  material  operated 
§  13.  The  quantity  U  serves  for  orientations  only,  since  it  is  not 
unent. 

4  necessary  to  look  at  these  points  more  in  det«ail.  In  ca«e  of 
1  and  ether  at  310^,  quadratic  constants  are  impossible:  for  the. 
luni  would  either  lie  within  the  field  of  observation,  or  the  obser- 
s  would  have  to  be  grossly  slighted.  This  is  to  some  extent  tnie 
er  at  185o.  The  alcohol  and  ether  data' in  Table  34  are  therefore 
;(l  merely  for  comparison. 

cting  these  exceptional  cases,  it  appears,  if  the  dependence  of  w 
e  considered  separately  for  eiich  substance  ins  well  as  collectively 
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for  all,  that  tlie  quantities  vary  nearly  linearly  with  each  other.     Sup- 
pose 2n  =  b  (m  —  a). 
To  return  to  the  above  equation, 


y  =  mp'-np^ (1) 

orT    "' 


dy/dp=:m(^l-^^^p^ (2) 


replace  m  by  5  and  2n/m  by  a,  for  the  sake  of  distinction.  Then  inas- 
much as  (1)  applies  more  accurately  in  proportion  as^  is  small^  eciua- 
tion  2  may  be  put 

dy/dp=:^fr+^p (3) 

whence 

y  —  ln[l  +  apYI^ •  .    .     (4) 

This  equation  has  an  advantage  over  the  equation  (I):  it  does  not 
predict  a  maximum.  It  is,  therefore,  compatible  with  the  character  of 
the  isothermals  in  the  abovfe  tables.  Furthermore;  in  view  of  its  sim- 
plicity, and  of  the  fact  that  generally  y=  oo  when  ^=  oo,  it  may  be 
taken  as  the  lower  limit  of  the  isotherntal  ribband  described  in  §  32. 
For  it  is  clear  that  when  i>  =  »,  v/  V  can  not  be  greater  than  unity.  ' 

In  passing  I  may  insert  a  few  remarks  on  the  relation  of  con- 
stants. Since  5  =  m  and  2n/m  =  a^  it  follows  that  a  =  h[m  —  a)/m  and 
B/a^m^/h(7n-^a.)  Hence  approximate  values  for  the  constants  in  (4) 
may  be  derived  from  Table  34.  From  an  inspection  of  this  table  I  was 
moreover  led  to  infer  that  at  the  melting  point,  compressibility  isctmstant 
and  independent  of  pressure.  In  other  words,  since  1/3  =  1/a  —  a/ab^ 
5  =  a  would  be  the  criterion  of  fusion.  Subsequent  results  did  not  sub- 
stantiate this  surmise,  §  38.  Another  similar  notion  that  the  resistance 
to  compression  is'equaJ  to  the  incipient  resistance  to  extension  even  in 
liquids,  and  that  therefore  1/S  must  have  a  constant  value  at  the  boil- 
ing point  independent  of  substance,  is  not  warranted  by  the  experi- 
ments made.  Such  a  relation  was  suggested  by  the  experiments  of 
Kahlbaum^  corroborated  by  O.  Schumann,*  according  to  which  the  boil- 
ing point  corresponding  to  a  given  pressure  is  higher  than  the  tem- 
perature of  the  same  vapor  tension.  Eamsay  and  Young,^  who  tested 
these  experiments,  do  not  corroborate  them.  They  effectually  substan- 
tiate Eegnault's  law  according  to  wliich  vapor  tensions,  whether  ob- 
.tained  by  the  static  or  the  dynamic  method,  are  identical. 

85.  Properties  of  the  ejrponeiitlal  eqmition, — It  will  facilitate  discus- 
sion if  certain  salient  properties  of  equation  (4)  are  grouped  together 
here.  I  may  state  that,  a  priori^  the  occurrence  of  y=10^iVF=  oc  for 
J)  =  00,  is  not  a  fatal  objection  to  its  application;  for  the  use  of  the 

«  Kahlbaum :  Chora.  Ber.,  vol.  18,  1885,  p.  3146.        »  Ramsay  anil  Young:  Chcm.  Ber,,  vol.  18»  1885, 
"  O.  Scbutnauu:  Chein.  Ber.,  vol.  18,  1885,  p  2085.  p.  2855;  vol.  19,  1886,  >gS9. 
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itiou  ceases  at  the  point  of  solidification  by  pressure;  therefore,  at 
>  finite  value  of  2>j  as  far  as  which  the  equation  y  =  ln(l  +  apyf*^ 
faithfully  represent  the  volume  changes  (decrements)  observed. 
this  reason  I  originally  accepted  this  equation  with  the  assurance  . 
s  possessing  a  value  beyond  that  of  defining  an  arbitrary  limit  of 
sot  hernial  band, 
ppose  for  a  given  substance 

y'^hi[l  +  ao{po+p))  (5) 

simultaneously, 

yo  =  ln{l  +  aoPoy'^'^       (C) 

epo  and  jp  are  any  two  consecutive  intervals  of  pressure.    Then 

eif 

ion  (7)  may  be  put 

y  =  ln{l  +  apfl'' (4) 

from  the  observations  y,  made  along  any  arc  of  the  whole  curve, 
en  po  and  p,  it  is  at  once  possible  to  obtain  the  constants  of  the 
curve  referred  to  the  origin  at  0  atmosphere,  by  equations  (8)  or 
[uivalent  equations: 

"•=r--^>T  *"'^  ^"=1^ (^) 

t  the  reductions  are  simple.    Equf^fcions  (9)  suggest  an  important 

[uenoe:  when  ^*[Po>lj  both  ao  and  S^o  become  imaginary.    Kow  it 

titter  for  curious  remark  that  this  takes  place  in  case  of  ether 

cohol  near  or  above  the  critical  temperature.    Hence  I  inferred 

V  - 

he  compressibility  of  liquids  d-y/dp=  '-^/{1  +  op)  changes 

Dd  passes  into  the  compressibility  of  gases 

dp  p 

h  an  imaginary  expression. 

u'li  a  consideration  the  condition  for  critical  temperature  would 
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Wheu  p  is  small,  equation  (4)  becomes 

y=Si>-iaV+ , 

which  is  sho^vll  to  be  capable  of  farther  simplification  iu  the  next  section. 
The  exi)ression  for  compressibility 

has  a  counterpart  which  is  applicable  for  thermal  expansion,  viz, 

as  will  be  shown  in  §  41. 

Finally,  the  change  ofp,  when  regarded  as  the  function  of  the  radius 
p  of  any  unit  sphere  within  the  compressed  liquid,  is  of  interest.  Let 
p  be  expressed  by  /(p),  where  p  in  the  uncompressed  liquid  is  unity. 
Then 


1/   a(l-p»)/*  N 


This  equation  shows  the  nature  of  the  inadequacy  of  (4) ;  for  if  p  de- 
crease  indefinitely, /(p)  eventually  becomes   -le     —1  ).    In  the  next 

paragraph  a/B  is  found  to  be  nearly  9.  Henoe  the  limit  in  question  is 
8290/ tr.  In  the  cases  where  equation  (4)  applies  this  value  is  some- 
where between  10®  and  10'  atmospheres.  Hence  the  interval  within 
which  equation  (4)  may  apply  satisfactorily  is  reasonably  large. 

36.  Exponential  coiiatants  computed. — After  the  suggestion  contained 
in  §  34  approximate  values  for  the  exponential  constants  in  the  equa- 
tion v/Vs=ln(l  +  apy  '^  are  easily  derived.*  The  constants  thus  ob- 
tained are  very  crude,  and  th^  calculated  results  show  a  wide  margin 
of  error.  Hence,  starting  with  these,  I  computed  the  accurate  values 
by  a  method  of  gradual  approximation,  finally  selecting  such  valuer  of 
B  and  a  as  reduced  tlie  errors  to  a  reasonably  small  limit.  This  com- 
Xmtation  is  exceedingly  tedious  and  unsatisfactory  at  best,  because 
X^airs  of  values  of  B  and  /r,  differing  very  widely  from  each  other,  are 
often  found  to  satisfy  the  equation  about  equally  well.  Neverthele-^s, 
it  was  necessfiry  to  avoid  any  scheme  of  selection  other  than  the  cri 
terion  of  errors  specified,  the  object  being  to  obtain  a  set  of  constants 
independent  of  any  ulterior  purposes  or  considerations. 

TI|e  results  are  given  in  Table  35,  in  which  the  first  column  contains 
the  boiling  point  (B.  P.),  melting  point  (M.  P.),  of  the  divers  substances 

*  iKcffrencc  to  j/  \&  couvenicntly  dropped  hero.    The  coiisUnta 
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E»  ether. 
J\i,  alcohol. 
JPnpctmfYlne. 
J^palrrUtic   ao 
I?,  cUphenylcuT 
Ab,  cczobenzoL. 
J3C,  rrvoThobrorrv 
C,    co^rOzLC  cu 

itt. 

/ 

/• 

vuuef. 
Camphofr 

To     X 

At 

•   E 
60 

7b,  t 
J3,  h 

ocLuLcUrve  pi 
arttUCrve, 
"TzaphtoL. 
emote  ctcU 

At*        / 

ua 

T* 

>3^ 

*c  ^ 

^ 

2i^ 

-     fi  v  1r\f^ 

'Compresstb 

■iJ-ftt  t  t        .   ..  . 

WLcyj 

IC 

)0                      2( 

>0                      3( 

30                      4< 

>0                       5 

00 

Relation  of  pressure  coefficient  and  compressibility. 
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ell  as  the  initiiil  pressure  Po,  for  which  S,  the  zero  compressibility ^ 
a^  the  pressure  coelficit^nt,  apply  at  the  temperature  6.  From  these 
ss  to  3o  iiud  fl'o,  which  hold  for  the  initial  pressure  0  atmosphere,  by 
itions  9,  §  35.  The  table  also  contains  the  reciprocal  of  compressi- 
y  1/^,  or  the  resistance  to  compression  which  obtains  under  each 
le  given  conditions.  Finally,  the  value  of  So/^^n?  with  a  coefficient 
by  aid  of  which  the  comi)utation  is  reduced  from  naperism  to  corn- 
logarithms,  is  inserted  in  the  last  column.  At  the  end  of  the  taWe 
re  added  the  mean  datum  So/«'o,  derived  from  all  the  values  of  the 
',  with  its  probable  error.    A  chart  (PI.  xii)  accompanies  the  table. 


E  ^.—Exponential  constants  tokich  reproduce  the  isothermal  decrements — Direct 

computations. 


iibstance. 

e 

dX10« 

ttXlO' 

1/* 

*oX10* 

a«XlO> 

!/*• 

2-3  — X10» 

tic  add: 

P.,  350° 

.P.,62o 

,-20 

(  310O 
J    1850 
1    1000 
l     65° 

332 
160 
104 
89 

305 
1-50 
100 
0-80 

4-50 
1-70 
0-40 
0-50 
0-30 

3, 010 

6,250 

9,610 

11,240 

353 
165 
106 
90 

3-25 
1-55 
102 
0-81 

2,830 
6.0C0 
9,030 
11,060 

250 
245 

2:i8 

257 

)1 11  id  hie: 

P.,19«^ 

P..  43= " 

---20 

r  310° 

1850 

{    1000 

65° 

i     280 

421 
145 
82 
68 
57 

2, 370 
6.900 
12, 200 
14,600 
173, 900 

463 
150 
89 
76 
61 

4-95 

1-76 
0-43 
0-56 
0-32 

2,160 
6,670 
11,240 
13,250 
16,630 

215 
196 
47:i 
315 
441 

ivlaiiiino: 

I\,310o 

P., 540 

0 

f  310° 
J    1850 
1    100° 
[     650 

216 
113 
68 
62 

201 
114 
92 
77 

2-00 
1-20 
0-50 
0-30 

4,630 

8,850 

14,  710 

•    16,130 

216 
113 
68 
62 

2-00 
1-20 
0-50 
030 

4,630 
8,850 
14, 710 
16. 130 

248 
217 
311 
474 

1-90 
100 
0-70 
0-70 

ir  acid : 

{'..270-^ 

P.,  30° 

^-20 

r  1850 

1000 

05^ 
30O 

4,970 
8.770 
10, 870 
13, 000 

209 
116 
93 

78 

1-98 
102 
0-71 
0-71 

4,780 
8,620 
10, 750 
12, 820 

243 
263 
303 
252 

'  acid : 

*..249^ 

I'..  121° 

-20 

^   1850 

140 

1-40 

7,140 

144 

1-44 

6,940 

230 

».,55o 

20 

f  310O 
J    IHS-^ 
1    1000 
[     650 

r  310^ 

18o'5 

\  1000 

fi5'3 

{     230 

362 
180 
113 
89 

.   3-20 
1-80 
1-120 

2.760 
5,560 
8,  8,'jO 

387 

187 

116 

91 

\u 

llW 
103 
75 
66 

3-42 
1-87 
115 
0-81 

514 
1-65 
1-22 
0-71 
001 

2,580 
5,  :i50 
8,620 
11,  050 

1,950 
5.950 
9,710 
13. 300 
15,150 

260 
231 
232 
256 

230 
2:J4 
191 
243 
248 

1 

.*  2330 

••■•'i:*'^ 

L»0 

1 

466  1           4-66  1        2, 150 

163  1           1-60  ,         6, 135 

100  1           1-20  '       10,000 

74  ;           0-70  1       13,510 

65  1          0-60  ,       15,380 

1                    1 

>ni       cam- 

.274" 

.70^ 

20 

IR50 
100° 

!                     j 

121  1           pool        8,260 
82  '           0-50         12,200 

1 

124 

83 

102 
0-51 

8,060 
12, 050 

11,490 
15,630 

279 
376 

246 

207 

.  2S<)-^ 

.04^ 

20 

1    185^ 

r  io'j3 

y 

86 
63 

0-80         12.500 
!           0-70         14, 290 

i 

87 
64 

i 

0-81 
0-71 
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Table  diy.-^Ejrpoueniial  consiants,  etc. — Continued. 


[bull-K- 


0       K»  X  10»    ,     a  X  10»    j        1  d       I    d«  X  10«  !   ao  X  10' 


06 
59 


om      10,420 ! 


0-50 


10,950 


1-20  7,690 

0-80  ,       12,500 


1/*,       2-3  •  \  \(P 


15,000 
:]5l 
1G4 

lie 


14000  ' 

C7 

:{-9o 

2.  850 

2MH) 

6. 100 

1-20  ' 

8.  620 

0-60 

11,360 

(*) 


98 

092 

GO 

0-51 

133 

1-23 

81 

0-81 

) 

(*) 

836 

9-29 

2:W 

2-86 

142 

1-46 

97 

0-66 

10.200 

2a-> 

16,700 

271 

7.520 

250 

12,350 

229 

(*) 

247 

1.200 

2<»7 

4,270 

IhS 

7,040 

2'-M 

10, 310 

3:^6 



- 

31,800 

2800 

314 

(*) 

1,  i:iO 

120 

m> 

(*) 

:»qi 

3-8 

2,770 

583 

225 

20 

4, 440 

281 

167 

1-6 

5,990 

199 

'*  Equation  failu,  indicating  transition  into  gaACoud  state. 


Mean  2-3-^= -2575  zt    83 


o^o 


=  4119=c)(«ay). 


87.  Mean  exponential  constants  derived, — The  tabulated  constants  for 
ether  and  ak*ohol  above  185^  substantiates  the  remarks  made  in  §  35 
relative  to  the  limit  of  application  if  the  equaticm  r/  F=  In  (1  +  oj?)'*/*. 
The  critical  temperatures  of  these,  substances'*  are  195o  and  234o,  re- 
spectively. Hence  ether  shows  an  imaginary  '?o  as  low  as  185^,  and 
both  substances  do  so  at  310o. 

The  point  of  special  interest  relative  to  this  table  follows  from  a  con- 
sideration of  the  last  column  2-3%/ ao.  In  Fig.  21,  where  these  results 
are  given  graphically  (^  as  abscissa,  a  as  ordinate),  their  signification 
fully  appears.  To  obtain  a  figure  of  reasonable  dimensions  for  ether 
and  {ilcohol,  I  have  divided  large  pairs  of  S  and  a,  each  by  the  same 
convenient  number,  as  is  indicated  in  the  figure.  This  does  not  change 
their  ratio.  Looking  at  these  results  as  a  whole,  and  taking  the  enor- 
mous range  of  variation  fully  into  consideration,  it  appears  beyond 
question  tliat  5  and  a  are  not  only  closely  related,  but  that  this  rela 
tion  is  probably  linear.  Tiie  computation  of  Table  35  was  an  entirely 
independent  procedure,  and  I  could  easily  have  obtained  data  more 
nearly  in  keeping  with  the  mean  ratio  B/a  ha4  I  entered  upon  the 
work  with  any  bias. 

Hence  I  am  justified  in  considering  the  equation  given  at  the  end  of 
Table  35, 

v/V=ln(l  +  dS2>)^^^ 

as  applicable  to  tlie  whole  series  of  organic  substances  examined.    With 

1  Kniusf-y:  Proc.  Roy.  Soc,  T^mdon,  vol.  31,  188i>,  p.  194;  Hannay,  Ibid,  vfi^.  30,  188ft,  p.  484;  and 
otlierR.    Cf,  Landolt  and  Boeraatoin'n  tablcH,  1.  c.  Digitized  by  CjOOQIC 
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as  a  point  of  departure,  I  made  a  recalculation  of  5  and  have  iu- 
3d  the  results  in  Table  36.  Naphthalin  and  inouochlor  acetic  acid 
idded. 

Tablk  36. — Mean  exponential  constants  r/V=  In  (1  -|-95j>)  4. 


ibstanee. 


Sub8t«nce. 


Paraffin,      other 
HanipU>8 : 
J>«=0 


:  C50 


I  Thymol: 


If   280, 

-..P.  =  5JO  .A  I  10(P' 
B.  P.  =  233o..    |l«>5 


?I=^ 


dXlO* 

^oXlO* 

tioo 

118 

186 

65 

66 

74 

75 

96 

97 

161 

1«6  , 

448 

«7 

Monobroin  cam- 
phor: 

M.  P.  =  76° 
B.P 


I 


S100<^, 
1850| 


83 
123 


,  a-Naphthul: 
I         P..^20 

M.  P.=94o.. 

B.  P.  =  280O  . 


I  5  100° 
•;>185^ 

I  ' 


B5 
126 


1/d, 


10,000 
8.470 
5.380 


15, 150 
13,330 
10,310 
6.020 
2,050 


11,760 
7,940 


ivlamiiio:    I  (  65° 
=  0 ]  I  100^1 

P.  =3100..  r   (3100 


no 

213 


irachl:          f  30°  76 

-  20 1  I    65^,  95 

P.  =  3fP  . .    I  l(K)o;  119 

P.  =270=>..l  Il85'^i  200 


'  aoid: 

=  20 1^  I 

P. -^121"  .1  >185o 
[\ -=2400. 1)  i 


I  J  ICMP 
,  I  310O, 


88 
111 
178 
366 


65  I  1.5,380 
69  !  14.490 
110  i  9,090 
213       4, 690 


Azobeiizol : 

B.P.  =293°.. 


"  76 

97 

121 

207 


141 


t89 
114 
184 
392 


13.160 
10,310 
8.260 
4,830 


Vanillin : 

M.'p.=87ol! 
B.P.  =  285°. 


'lOOol 
:i85o 


>100^ 
C185^ 


7,000 


:  Na)>lithAlln : 

^.  =  50 

M.  P.— 8a^... 
B.P. =2150.. 


I  tMonochlor  ace- 
tic acid : 

Pn— 0 

M.  P.=62'^... 
KP.=  188^.. 


11.240 
8,770 
5. 430 
2,550  1 


[lOOo 

153° 

fl85"3 


79 
131 


93 
115 
133 


'    65° 
;i85^ 


62  r  16, 130 
87     11.400 


80  I  13.500 
134  ,    7,46'J 


58  I 
93  I 


17,210 
10.750 


97  10.310 
121  '  8,260 
141       7, 000 


72 
142 


13,890 

7.o4o 


ilts  of  an  olilor  method.    In  etiicr  an-l  alcohol  the  rociprocaU  of  &  are  taken  iuatead  of  1/d^ 

rcpancy  in  those  resulta  duo  to  Holitlilication. 

;ii>ar.-.  , 

iliiig  myself  of  these  constants,  I  computed  the  values  of  v/V 
11  Tables  4  to  '33.  By  consulting'  the  differences  between  observed 
Iculated,  it  will  be  seen  that  the  errors  are  as  a  rule  within  the 
)f  iKHHiracy  specified  in  the  critical  paragraphs  9  to  15. 
hihsidiary  results, — Certain  subsidiary  results  of  Table  36  are  to 
tioiied.  If  l/S^,  the  resistance  to  compression,  be  constructed  as 
iou  of  temperature,  ^,  it  will  be  stjen  that,  except  in  the  extreme 
f  alcohol  and  ether,  1/5  decreases  nearly  ])roportional  to  0.  This 
clecreawe  is  nearly  the  same  for  all  substances  examined, 
ixble  37  I  have  given  the  approximate  values  of  B  at  melting 

3ull.   92 4  Digitized  by  GoOglC 
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points,  M.  p.,  and  at  boiling  points,  B.  P.  No  perspicaons  relation  is 
discerilible,  thus  substantiating  the  inferences  already  drawn  iii  §  'M. 
It  appears  that  compressibility  is. a  quantity  depending  on  other  causes 
than  the  stability  of  molecular  groups. 

Tajile  37. — Compressibility  at  melting  and  at  boiling  points. 


SiibHtnncc. 


M,P.  I  doXlO*  1   B.P.       *tX»0* 


Palniitio  atiil   ... 

Toluidiup 

Dipbenvlaiiiiuc  . . 

Capriiifc  AoUl 

Parnfliii 

Thyii.ol 

Brniii.  iHiiiplior  . . 

fl-NapIitol 

Vaiiilliiiu 

AzolH-iiznl 

Xni»iitliaI<>i:o 

(.'lil«>r  iirt'lif  neid. 

Alrohol  {f^in,) 

Ether  (d,o«) 


e2o 
43 
54 
30 

r>5 

53 
76 
04 

80 
C8 
H) 
G2     I 


89.  TsothermaU  computed, — With  these  results  in  hand  I  am  able  to 
reach  the  chief  issue  of  the  present  paper,  viz.,  the  construction  of  the 
actual  is  )thermiils  for  the  substances  in  hand.  The  computation  being 
somewhat  laborious,  it  will  scarcely  be  fruitful  to  consider  those  sub 
stances  in  which  the  heat  expansion  could  not  be  accurately  measured. 
§  14.  The  (lata  to  be  discussed  are  notably  alcohol,  ether,  paraffin, 
thymol,  para-toluidine,  and  diphenylamine. 

To  recapitulate :  The  volume  decrement. 


v/V=:ln{i  +  dSpyf^ 


(10) 


refers  in  all  cases  to  unit  of  volume  at  the  temperature  H  of  the  isother- 

nnil  and  under  the  initial  pressure  Po.    The  compressed  volume  is  thei-e- 

fore. 

l-/n(l  +  9Sp)i/« 

and  if  in  consequence  of  the  observed  thermal  expansion  at  Poj  the  vol- 
ume at  6  be  V^  the  actual  isothermal  is  obviously 

Vej,=:Ve(l-ln{l  +  9Bpy/^) (11) 

referred  to  flie  initial  temperature  do.  It  is  to  be  observed  that  v,;^  is 
directly  measured,  and  that,  therefore,  the  only  hypothesis  occurring 
in  equation  (11)  is  equation  (10). 

In  Tables  38  to  43,  I  have  given  Vep  computed  conformably  with 
equations  (11)  for  pressure  as  high  as  1,500  atmospheres  and  for  the 
temperatures  of  observation.  A  chart  accompanies  each  table,  in 
which  j)ressures,  p,  are  given  as  sibscissiie  volumes  vsp  as  ordinates. 
From  these  charts,  Plates  xiii  to  xviii,  the  conditions  subject  to  which 
temperature  and  pressure  must  vary  in  order  that  vep  may  remain  con- 
stant are  at  once  given  by  drawing  horizontals.  Hence,  to  each  of  the 
Tables  38  to  43  I  have  a  supplement,  in  which  values  of  0  and  p  for 
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V0p  =  const,  are  inscribed.    These  supplementary  tables  indicate  the 
nature  of  the  isometrics.     F^^  will  be  computed  in  the  next  section.      • 

Tabije  38. — iBotkermah  of  ether,  re/ecred  to  unit  of  volume  at  28^  tmd  100  atmosphereM, 


p 

V 

1 

y 

y,B. 

^». 

y^0. 

%.. 

1 

*810o 

185° 

100° 

650 

28° 

0 
100 

. 

<t) 

2-77 

(t) 

1-397 

1131 

M31 

1057 

1057 

1-000 

1000 

200    

1-70 

1-298 

1096 

1007 

1035 

1-035 

0-984 

0-984 

300  1 

1-50 



1-236 

1070 

1071 

1017 

1-017 

0071 

0-971 

400  , 

1:^8  

1193 

1-050 

1-049 

1002 

1001 

0  959 

0-959 

600  1 

129  1 

1-159 

1033 

1030 

0-988 

0-987 

0-049 

0-948 

600   j       1T2 

1132 

1-020 

1014 

0-977 

0-974 

0-939 

0938 

700    1       116 

1109 

1-008 

1000 

0-967 

0-963 

0-931 

0-929 

800    1       1-12 

1088 

0-999 

0-986 

0-068 

0-953 

0-923 

0-921 

900    1       1-08 

1-069 

0-ii9l 

0-975 

0-951 

0-944 

0-917 

0-913 

1,000    

1-04 

1053 

0-983 

0.0G4 

0-944 

0.935 

0-910 

0-906 

1,100    

1-01 

1-039 

0-976 

0055 

0-937 

0-927 

0-905 

0-899 

1,400 

0  93 

1001 

0-962 

0-929 

0-922 

0-904 

0-890 

0-881 

1,000 

0-88 



0-983 

0-955 

0-914 

0-914 

0899 

0*882 

0-870 

*  Special  measurement  miide  later,    t  Equation  fails. 
Critical  oondiiions  of  constant  volume. 


9 

Ap.      t  Volume. 

1 

28 
05 
100 
185 

0             100 
310    

600  1 

1,300    

Bate—- 0-12^  per  atmosphere. 
Table  ^.-^TaoihermaU  of  alcohol,  referred  to  unit  of  volume  at  SS^  and  150  atmospheres. 


p 

V  1  ^*». 

V. 

^^*. 

V. 

y^0. 

V. 

V. 

^.f. 

310O 

WP 

100° 

«o 

280 

0 

150 

250 

350 

450 

550 

650 

750 

850 

950 

1,050 

1,150 

1.450 

1,650 

1 

(t) 



2-29 
1-63 
1-47 
1-37 
1-29 
1-24 
119 
1-16 
1-12 
109 
l-OB 
1-00 
0-96 

1-229 
1193 
1-165 
114,3 
1-125 
1111 
1-098 
1088 
1079 
1-071 
1-OW 
1-047 
1-038 

1-229 
1-193 
1165 
1-142 
1122 
1105 
1089 
1-075 
1063 
1051 
1-041 
1013 
0-997 

1-087 
1070 
1-056 
1043 
1032 
1022 
1-013 
1-005 
0-998 
0-991 
0  985 
0-969 
0-960 

1087 
1-071 
1-057 
1014 
1033 
1022 
1013 
1-004 
0-995 
0-088 
0-OHl) 
0-901 
0-949 

1-035 
1-024 
1-013 
1004 
0-995 
•0-987 
0-980 
0-974 
0-968 
0-962 
0-956 
0-942 
0-934 

1-035 
1-024 
1-014 
1-004 
0-J»96 
0-988 
0-980 
0-973 
0-966 
0-960 
1     0-954 
0-938 
0-928 

1-000 
0-991 
0-983 
0-975 
0-968 
0-962 
O-OJiO 
0-951 
0-945 
0-940 
0-035 
0-9-23 
0-916 

1-00 ) 
0-991 
0-983 
0-976 
0-069 
0063 
0-056 
0-951 
0  045 
0-941) 
0-935 
0-921 
0-912 

Critical  conditions  of  constant  volume. 


9 

0 

360 

740 

M70 

Volume. 
1-0 

28 
65 
100 
185 

Bate  =  0-120  per  atmosphere. 
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Table  40. — IsothcrmaU  of  paraffin,  re/erred  to  unit  volnmeai  65^  and  20  atmotpkeres. 


p 

V 

^^. 

V. 

y<^. 

^.. 

^^. 

V 

^*«. 

310O 
i-241        1-241 

1850 
1  108        1108 

100° 

65° 

20 

1-026 

1026 

1-000 

1-000 

120 

1.201 

ia)2 

1000  1 

lOiW 

1015 

1-015 

0991 

0-991 

220 

171 

1171 

1074  1 

1074 

1005 

1005 

0«983 

0-981 

320 

1 

147 

1146 

lfc60  ' 

1060 

0996 

0-d96 

0-975 

0-975 

420 

129 

1125 

104.'i 

1-M7 

0-988 

0-tf88 

0969 

0968 

520 

113 

1107 

1-(W7 

1o:m$ 

0-980 

0-980 

0-902 

0-962 

620 

lOl 

1091 

1-027 

1025 

0-973 

0-973 

0-955 

0956 

720 

091 

1076 

1018 

1010 

0-967 

0-966 

0-951 

0-950 

820 

081 

1()63 

1011 

1007 

0-960 

D-959 

0-946 

0-945 

920 

074 

1051 

1003 

0999 

0-955 

0-953 

0-941 

0-039 

1.020 

007 

1040 

0-997  . 

0901 

0-949 

0-947 

0936 

0-935 

1,320 

051 

1012 

0-982  1 

0-970 

0-935 

0-931 

0-924 

0  921 

1,520 

1043 

0-995 

o-9rj  ; 

1 

0-958 

0-928 

0-922 

0-916 

0-912 

CHtical  conditions  of  constant  rolume. 


9 

Aj).- 

Voltuuo. 

65                 0 
100              250 
185              880 
310          1 . 4:ai 

1-00 

S*te  =  Q'YiP  per  Atmosphere. 

Table  41. — Isothermah  of  diphenylamine,  referred  to  unit  volume  at  65^  and  0  almos- 

pkereg. 


p 

^•. 

^a#. 

'... 

^^9. 

V. 

^^. 

^.. 

-.. 

31 

Oo 
1-235 

185° 

10 

OO 
1012 

650 

0 

1-235 

1093 

1093 

1-012 

1-000 

1-000 

100 

1-211 

1-211 

1081 

1-082 

i-oa5 

1-006 

0-994 

0-994 

200 

1191 

1191 

1-071 

1071 

0-999 

0-990 

0-987 

0-988 

300 

1-173 

1173 

1061 

1-061 

0-903 

0  993 

0-981 

0-182 

400 

1-159 

1-167 

1052 

105.3 

0-987 

0-B88 

0976 

0977 

500 

1-140 

1143 

1-044 

lO-U 

0-982 

0  982 

0-971 

0071 

600 

1-134 

1-130 

1034 

1038 

0-977 

0-976 

0966 

0-967 

700 

1-124 

1-119 

i-o:jo 

1029 

0-970 

0-972 

0  962 

0-962 

800 

1110 

1108' 

1023 

10-22 

0-967 

0-967 

0957 

0-957 

900 

1107 

l-0'.'8 

1017 

1016 

0-963 

0-962 

0  954 

0-953 

1,000 

1100 

1089 

1-012 

1-010 

0-P59 

0-958 

0-050 

0-949 

1,300 

10H2 

1-064 

0097 

0  993 

0948 

0-945 

o-9:}« 

0-937 

1.500 

1073 

1-030 

0-089 

0-983 

0-941 

0-938 

0932 

0-930 

Critical  conditions  of  constant  vohnn^. 


d 

Ap. 

Volnme, 

65 
100 
185 

0 
190 

100 

1,200 

Bate =0-090  per  atmosphor*. 
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Tablk  42. — UoihermaU  of  paraioUxdiney  referred  io  unit  volume  at  28^  and  SO  atmoB- 

pheres. 


'^9. 


V«. 


'dtf. 


310° 


185° 


lOOo 


20 

12(1  I 
220  I 
32J  ' 
420  , 
520  ' 
G20 
720  i 
820  1 
920  ; 
1,020  , 

1,320 ; 

1,520  ! 


1-348 

VMS 

1-301 

1-HOfJ 

1-267 

1-268 

1-241 

1-240 

1-220 

1-216 

1-204 

1106 

1-lW 

1178 

1-170 

1162 

I1G9 

1-147 

1160 

1134 

1-J54 

1122 

1-136 

1-090 

1127 

1-072 

1-158 
1-143 
M29 
M17  ! 
1106  : 
1096  : 
1-087  : 
1-070  I 
1071  I 

1065 ; 

1  058  I 
1042  I 
1032 


M58 

1-143  I 

I- 130  1 

1117  i 

1 106 ; 

ia«  : 

1087  . 

1078  ; 

1-069  1 
1062 

1055  • 

1-035  : 

1-023  ; 


1"063  1 
J-051  : 
1-046 
1-030  : 
1-031 
1-025 
1-010 
1013  i 
1007  ; 
1-002 
0-997  ' 
0-984  i 
0-977  i 


1-063  I 

1054 

1046 

l-o:<8 

1-030 

l-(r23 
1017  . 
1011 
1005  . 
1  000  I 
0-994  I 
0-979  ' 
0-970 


t 


V 

^60. 

^M^. 
% 

^^B. 

65° 

JO 

1-042 

1-042 

1000 

1-000 

1-035 

1035 

0-090 

0-994 

10-29 

1028 

0-989 

0-960 

1-022 

1-022 

0  98:i 

0  981 

1010 

1017 

0078 

0-978 

1-011 

1-011 

0  073 

0-973 

1-006 

lOOtJ 

0-9«8 

0-969 

1-001 

1001 

00<U 

0-965 

0-996 

O-DOO 

0  9(30 

0-960 

0-902 

0  992 

0954 

0-956 

0-087 

0  987 

0  052 

0-952 

0-970 

0-974 

0-942 

0-941 

0-969 

0067 

0-936 

0-934 

Critical  oondUiona  of  constant  volume. 


I  Volume. 


I 


28  I   (  —  650)   1. 

66  I  .25  ' 

100  270  '. 

185  I        1.200  i. 
310     •   (1.850)  f 


1-04 


I 

Rate =0-10°  per  atmonphere. 

Table  iS.'—TsothermaU  of  thymol,  referred  to  unit  volume  at  28^  and  20  atmoepheree. 


V 

V 

^^•. 

V 

1 

1 

^». 

^... 

^.. 

^*«. 

V 

^^a. 

*3] 

LOO 

18 

1 

lOQo 

650 

2i 
1000 

JO 

1000 

20 

1-329 

1-329 

1-162 

1-162  ; 

1-076 

1-076 

1-042 

1042 

120 

1-277 

1-279 

1-145 

1-145  ! 

1-06G 

1066 

1035 

1-035 

0  904 

0094 

220 

1-240 

1-242 

1-129 

1-129  , 

1-057 

1057 

1-028 

1-028 

0-9S7 

0088 

320 

1-212 

1-212 

1-110 

1-110  1 

1048 

1-049 

1021 

1-021 

0-9S1 

0-982 

420 

1192 

1-188 

1-104 

1103  1 

1040 

1-041 

1-015 

1015 

0  976 

0-977 

620 

1-175 

1-167 

1-093 

1092  1 

1-033 

i-o:i3 

1010 

1-009 

0-971 

0-972 

620 

1162 

1-148 

1-084 

1081  \ 

1026 

1026 

1-004 

1-003 

00G5 

0-967 

720 

1-151 

1-131 

1075 

1072  ! 

1020 

1020 

0-939 

0-098 

O-Otfl 

0062 

820 

1142 

1-116 

1067 

1-0G4  j 

1-014 

1-013 

0994 

0-90J 

0  950 

0-957 

920 

1-134 

1-103 

1-060 

1055  : 

1-008 

1-007 

0-089 

0-088 

0052 

0-953 

1,020 

1-127 

1-091 

1053 

1047  j 

1-003 

1-002 

0-985 

0983 

0-948 

0949 
0  93/ 

1,320 

llll 

1-059 

1-037 

1026 

0-98D 

0-980 

0-973 

0-970 

0  937 

1,520 

1-103 

x.«o 

1-027 

1-014  ! 

I 

0-981 

0-977 

0-966 

0-961 

0-931 

0-930 

*  Special  experiment,  made  later. 
Critical  conditione  of  constant  volume. 


9 

Ap. 
(—620) 

Volume. 

28 
65 
100 
185 
310 

40 

410 

1.090 

1,500 

104 

Bate=0'10o  per  atmosphere. 
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40.  Isometrics, — ^From  the  iiuporti^nce  of  the  subjei't  it  is  necossary  nt 
peruse  the  Tables  38  to  43  somewhat  more  in  detail  than  was  done  io 
earlier  work. ,  In  case  of  alcohol  (Table  39)  the  curves  for  28^  to  185^, 
PL  XIII,  are  a  family  of  like  properties;  the  curve  for  31(K>,  however, 
intersects  these  in  the  region  of  high  pressures  (1,500  atmospheres). 
Here,  therefore,  is- additional  corroboration  of  the  remarks  made  in  §  35, 
that  above  the  critical  temperature  equation  (10)  is  not  applicable. 
The  case  may  be  mote  serious.  It  is  also  supposable  that  the  310^  is 
only  an  accentuated  expression  of  the  shortcomings  of  equation  (4)  in 
general.  I  call  to  mind  that  this  equation  has  only  been  used  as  tbe 
upper  numerical  limit  of  the  isothermal  band,  for  volume  decremeQts: 
hence  a  lower  limit  for  volumes.    See  next  section. 

The  chief  result  of  the  present  table  is  given  by  the  supplementaa 
tables:  for  Fflp=  F28.i5o  =  l,  0  and  p  as  far  as  185^  are  linear  fuuctionl 
of  each  other.  This  is  well  shown  in  PL  xiii,  Fig.  2,  and  PL  xix  below. 
The  rate  of  change  is  one-tenth  degree  C.  per  atmosphere. 

Results  of  the  same  kind  hold  for  ether,  Table  38,  PL  xiv,  althougli 
the  higli  temperature  discrepancy  conformably  with  the  lower  critical 
temperature  is  somewhat  more  pronounced.  The  rate  of  variation  of 
0  andp  for  F^p^  F28,ioo  =  l  is  here  042o  0.  per  atmosphere.  This  also 
is  clearly  shown  in  PL  xiii. 

In  case  of  paraffin,  Table  40,  which  is  the  first  substance  solid  at 
ordinary  temperatures  F^=:  F65.i2o  =  l  also  shows  a  somewhat  larger 
variation  of  6  and  p,  the  rate  being  0-13^  0.  per  atmosphere.  A  notable 
peculiarity  of  these  curves  is  the  occurrence  of  a  discrepancy  at  310- 
similar  to  that  of  ether  and  alcohol,  but  much  less  pronounced. 

For  thymol  Table  43,  PL  xviii  and  xix,  the  results  obtained  resem- 
ble those  for  paraffin,  but  the  agreement  is  not  so  good.  The  rate  is 
O-llo  C.  per  atmosphere,  when  Vep  =  FesjM  =  1'04.  Toluidine  Table  4iJ, 
PL  xvn,  shows  the  rate  0-10  per  atmosphere,  when  Vep=  Vss,\2o=^^'^' 
For  diphenylamine  finally,  Table  41,  and  Pis.  xvi  and  xix,  the  rate  is 
0'09o  C.  per  atmosphere.  In  most  of  the  solid  substances  the  expan- 
sion difficulties,  §  14,  render  the  results  inaccurate  particularly  in  cases 
where  two  or  more  distinct  threads  were  observed. 

But  taking  the  results  as  a  whole  (0°  to  185o),  it  follows  with  consid- 
erable certainty,  I  think,  that  if  temperature  and  pressure  vary  linearly 
with  ea^ch  other  at  the  mean  rate  of  about  0*11  G,  per  atinospherey  there  irill 
be  no  change  of  volnme.  Changes  of  stjite  of  aggregation  are  excluded 
from  the  considerations. 

More  rigorously  this  is  expressed  thus:  If  with  the  observed  thernnil 
expansion,  compressibility  be  supposed  to  increase  inversely  as  the 
first  power  of  the  pressure  binominal  (1/a+p),  then  temperature  aud 
pressure  must  vary  linearly  to  maintain  constancy  of  volume. 

In  PL  XIX  the  chief  isometrics  have  been  grouped  together  for  com- 
parison.   The  linear  march  between  0^  and  185^  is  well  shown  by  ether, 
hoi,  and  paraffin.    For  toluidine  and  thymol  the  iqregularities  are 
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in  an  opposite  sense,  and  for  thymol  the  distribution  of  points  is  aetnally 
zigzag  as  far  as  310^.  Hence  a  march  of  errors  can  not  be  said  to  be 
discernible.  The  break  in  the  undercooled  region  a,  like  the  break 
between  185*^  and  310^,  is  marked.  The  latter  will  be  specially  dis- 
cussed in  the  final  paragraph  of  this  chapter  in  connection  with  direct 
data. 

The  thermodynamic  signification  of  the  above  results  has  already 
been  suggested,  §  2.  It  follows,  therefore,  so  far  as  the  present  work 
(§  40)  goes,  that  the  thermodynamic  surface  F^p  will  probably  possess 
oblique  symmetry  as  shown  in  PI.  xx.  This  curve  is  generated  by  mov- 
ing the  initial  section  vp,  parallel  to  itself,  but  in  the  oblique  direction,  so 
that  ten  units  of  pressure  may  be  passed  for  each  unit  of  temperature. 
In  this  motion  the  left-hand  branch  of  the  curve  which  issuer  from  the 
plane  ^,  v  would  rapidly  run  up  to  infinity,  so  that  the  surface  is  every- 
where bounded  on  the  left  by  an  oblique  infinite  plane.  This  points 
out  a  recurrence  of  the  insufficiency  of  equation  (4)  already  adverted, 
to  in  §  35.  From  an  inspection  of  this  surface  it  is,  therefore,  not  possi- 
ble to  deduce  the  corresponding  expression  for  thermal  expansion. 

The  cause  of  this  difficulty  is  probably  to  be  referred  to  the  fact  that 
the  ratio  of  6  and  p  is  not  independent  of  Vop.  Hence,  in  moving  the 
initial  section  parallel  to  itself,  the  curve  must  be  conceived  to  expand  in 
its  own  plane  in  such  a  way  that  the  oblique  horizontal  lines  described 
by  the  consecutive  points  of  the  initial  curve  are  not  all  parallel.  In 
PL  XX,  therefore,  1,  5=3,  7;  2,  6=4,  85  b,  e=d,  g;  etc.  But  1, 3,  2,  4, 
b,  d,  etc.,  are  not  parallel. 

DIGRESSION  ON  THERMAL  EXPANSION. 

41.  Exponential  equation  proposed. — Before  proceeding  to  the  compu- 
tations of  the  next  paragraph,  it  is  convenient  to  insert  a  digression  here 
relative  to  thermal  expansion.  I  made  many  computations,  but  the 
results  are  much  more  inaccurate  and  the  equations  less  satisfactory 
than  was  the  case  with  compression.  Expansion  occurs  at  a  rapidly 
accelerated  rate  with  temperature,  t^  in  case  of  low  pressures. 

Hence  the  equation 

(11) 


whence 


dt  "l-^fit 

-r/0 


y=ln(^l-/3t)  (13 


suggests  itself.    The  first  diflaculty  is  the  choice  of  an  initial  tempera- 
ture, so  that  the  two  equations  will  be  put 
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All  applicatiou  of  this  equation  to  tlie  data  for  ether  is  given  in  Table 
44,  and  the  difference  between  observed  and  calculated  inserted  above 
in  Table  5.  Jp  is  the  pressure  increment,  the  initial  pressure  being 
100  atmospheres.  The  table  is  one  of  double  entry,  so  that  5  has  also 
been  inserted. 

Tablk  a.^Jixpansion  and  oompression  constants  of  ether. 


t 

Ap 

=  0. 

Apr-. 

T  X  10«. 

=  100. 

Ai»  =  200. 

Ap^dOO, 

r  X  10*. 

1,824 
1,824 
1,824 
1,821 
1,824 

dxio«. 

9  X  \0\ 

rXl0«. 

dxio». 

TXlO*. 

dXlO*. 

29^ 

65" 

100° 

185^ 

310O 

165 

226 

:u:{ 
i,oa-» 

•«4,2.>0 

1.530 
1.530 
1,530 
1,530 
1,530 

165 

226 

343 

1,005 

34,250 

1,380  i            1^ 
1„380              226 
1,380  ,            343 
1,380  :        1,005 
1,380         34,250 
1     * 

1,240  1            165 
1,240              220 
1.240              343 
1,240           1,005 
1,240         34,250 

y^=:zln(\^2T(t-^b))~'     (nearly)^ 
6  =  340 

It  is  seen  thai  the  change  of  r  with  pressure  is  less  curvilinear  and 
not  nearly  so  rapid  as  the  change  of  either  5  or  l/»v  with  temperatiin?. 

The  curve  (y)  it«elf,  though  fitting  the  extreme  results  very  well,  docs 

so  less  nearly  for  the  moderate  expansions  under  400  atmosx^heres,  as 
the  exi)ansion  under  these  conditions  becomes  more  rapidly  linear  than 
the  curve  predicates. 

Making  the  final  step  in  these  considerations,  I  supposed  that  the 
discrex)ancies  in  question  might  be  remedied  by  a  more  general  form. 


v/V=zln 


(l+ap)^f^ 


(i-/j(e-6)y^ 


whence 


and 


df7p  =  s/(l+ap)+(t-i)^f/(l-/?(«-i)) 

4/e?e=r/(l-^«) +p  I -Jf/(l+«p) 

But  these  relations  are  too  complicated  to  be  fruitfully  discussed  here. 

42.  Observed  contractions  (his  to  cooling  under  pressure. — To  corrob 

orate  the  above  results  as  a  wbole,  I  will  also  insert  a  series  of  direct 
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ineasiirementH  on  the  contraction  of  substances,  cooling  under  pressure. 
Expeiimcnts  of  this  kind  are  diQicult.  The  strain  resulting  from  the 
continued  application  of  high  pressure  produces  much  breakage,  either 
of  the  partsof  the  apparatus  or  of  the  capillary  tubes.  It  is  clear  that 
in  method  pursued  the  fiducial  volume  must  be  constantly  redetermined. 
I  therefore  made  the  experiments  at  high  pressures,  alternate  with  low- 
pressure  experiments,  keeping  the  same  interval  of  pressure  and  the 
same,  thermal  environment  throughout  the  series.  In  Table  45  the 
results  were  obtained  with  a  relatively  wide  capillary,  so  that  the  fila- 
mentary platinum  /  platinum-iridium  thermo-couple  could  be  drawn 
through  the  tube,  with  its  junction  in  the  substance.  This  insures  ac- 
curacy of  thermal  measurement;  but  tubes  of  this  kind  can  not  \^ith- 
stand  high  pressures.  Hence,  in  subse(|ucnt  experiments,  Tables  46 
to  50,  the  filamentary  couple  was  wrapped  around  the  outside  of  the 
capillary  in  the  thermal  bath.  Temperatures  here  merely  subserve  the 
purpose  of  coordinating  the  high  and  low  pressure  results.  In  all  the 
experiments  leaks  were  carefully  guarded  against  and  unsatisfactory 
attempts  rejected. 

In  the  tables  P  is  the  acting  pressure,  L  the  observed  length  of 
column,  and  v^/  V  the  volume  contraction  per  unit  of  volume  due  to  P. 

V 

Temperature  6  is  given  in  arbitrary  thermoelectric  degrees,  and  y  are' 

the  successive  volume  decrements  due  to  cooling.  A  chart  accom- 
panies each  table.  Cooling  took  place  between  185^  and  100°,  care 
being  taken  that  at  the  higher  temperature  the  parts  of  the  tube  had 
been  equally  heated  throughout  before  the  ebullition  of  the  vapor  bath 
was  stopped. 
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Tablk  45. — Contraction  due  to  cooling  under  pressure.    Paraffin  (first  sample). 


B 

v 

y  X  10'    i 

00  1 
0-9  1 
2-7 

41 ; 

7-7 
103 
13-2  1 
19-5 
24-5 
.    27-3  1 
30-5 
32-7  , 
35-9 
391 
42-3  1 

B 

y  X  lOa 

Pn^l50atm. 
X  =  22  0«'». 

^  X10»=230 

(        0 
2 
5 

10 
16 
23 
31 
48 
58 
64 
72 
78 
88 
94 
102 

P=150iitm. 

Xr^220'".             1 

^  X10«  =  23-0 

(        0 
2 
6 
11 
18 
24 
34 
50 
58 
66 
74 
82 

0-0 

1-4 

3-2 

5*6 

8-6 

10-5 

141 

205 

241 

268 

300 

33-3 

P=0  fttm. 
Xr-22  6'«. 

1 

f        0 
7 

19 
35 
54 
67 
83 
99 

.     113 

00 

0-5 

5-3 
12-4 
200 
26-5  1 
33-6  1 
40-0 
460 

Table  46. — Contraction  due  to  eooling  under  2)ressure.     Paraffin  (second  sample). 


9 

-;xio»i 

0 

(     0 
34 
104 
154 
244 
329 
424 
484 
5fr4 
614 
674 

,724 

;xl0' 

t 

$ 

v^xio^ 

P—iOO  atm. 
i^^l9•0«'-. 

^  X10»=570 

f     0 
30 
65 

115 
174 
255 

]325 
405 
510 
585 
660 

.715 

57  +  0-0  1 
11 
3-7  1 
7-9  ! 
121  , 
18-9 
24-2 
300 
37-9 
45-8 
521 
•      57-9 

1 

1 

P-r-Oatm. 
I,  =  20-2««. 

1 

00 
2-4 
100 
14-8 
2.J-7 
32-2 
42-1 
48-5 
56-4 
61-9 
68-3 
73-7 

P=400  Rtm. 
L  --  19  O^-. 

y  X  103=570 

(     0 

19 

64 

154 

214 

314 

^404 

474 

554 

604 

659 

694 

57  +  0-0  1 
10 
3-2 
105 
147 
242 
30^t 
36-3 
42-6 
47-4 
521 
55-8 

i=0atTO.        j 
i-20'2"». 

f     0 
15 
65 

140 
240 
320 
i  410 
470 
550 
605 

mo 

720 
.770 

00  1 
10  1 
60  , 

14-3  ! 

23-3 

30-7 

39-0 

46-5 

54-9 

60-4 

668 

72-8 

"'1 

P=400atni. 
X  =  19-0'-. 

^  XlO'r.-57-O 

r   0 

24 
64 
149 
^239 
314 
414 
484 
564 
064 
.709 

57+00 
3-2 
5-3 
11-6 
190 
23-7 
31-6 
400 
45-3 
54-7 
600 

i 

1 

P  =  Oatm. 

2,_-20-2"". 

(     0 
34 
84 
134 
234 
309 
394 
474 
544 
600 
669 
7H 

00 
20 
6-9 
12-4 
22-8 
30-2 
38-6 
46-5 
539 
60-9 
67-3 
72-3 

• 

P=:400atTO. 

i  =  190«". 
^-X 10'=  570 

f     0 
30 
85 
175 
260 
345 
425 
495 
565 
660 
720 

57  +  0-0  1 
3-7 
7-4 
13-2 
2M 
26-8  , 
34-2  ' 
39-5 
44-7 
54-2 
59-5  1 
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\\BLB  il. --Contraction  due  to  cooling  under  pres$ure.    Paraffin  (third  sample). 


V 

V 

r 

'9 

-^xio» 

B 

-^XIO' 

B 

yXlO» 

(    0 

00 

(     0 

00 

(     0 

00 

13 

01 

20 

1-9 

18 

*o-o 

43 

2-4 

52 

3-8 

58 

4-3 

400  atm. 

98 

70 

P=500»tin. 

X:^211«. 

109 

90 

P=  600  atm. 

UO 

91 

21-3*-. 

178 

13-2  ! 

192 

14-7. 

Z=20-8'«. 

200 

140 

2M 

211  ! 

277 

20-9 

Os 

270 
335 

20-2 

Cl0«=:52-9  i 

348 

27-7 

y  Xl0»=62-7  j 

327 

261  1 

y-  X 10*=  72-4 

255 

433 

33-8 

302 

300  i 

- 

405 

30-8 

504 

40  0 

458 

34-6  1 

450 

34-2 

1 

603 

48-3 

507 
558 

38-4 
42-6 

515 
.570 

380 
42-8 

r  0 

1 
00  1 

14 

0-5 

r  0 

00 

f     0 

00 

48 

5.3  i 

15 

10 

P=20atin. 

15 

22 

20  atm.      ; 

103 

10-7  ! 

51 

60    ,  Iy==22-5«-.         i 

55 

5-8 

22-5«.        !  J 178 

18-2 

P=20atm. 

105 

17-8    '  Vp      _.      .      1 

145 

15-6 

306 

311  : 

i  =  22-5««. 

240 

25-3  . 

y  xio'  =  o 

235 

25-3 

105  =  0 

378 

87-8  1 

Vp 

313 

33-3  , 

320 

33-3 

456 
526 

46-2 
53-8 

Y  xio>=o 

375 
440 

390 
45-0  i 

.623 

03-6 

500 
.655 

511  ! 

P  =  600  atm. 

r   « 

67-8  i 

/iz=20-8«. 

(") 

0-0 
20 

|l  »«                        1 

f     0 

00  1 

i 

y  X 10*= 72-4 

18 

1-0 

r  0 

.    00 

68 

5-6 

32 

3*8 

! 

128 

10-3 

85 

g-0 

00  atm.     i 

202 

10-4  1 

P=SO0ntm. 

148 

11-8 

l-3««'.        1 

314 

24-4  1 

i=2ll"«. 

217 

17-5 

410 

32-4  ! 

Vp 

290 

22-7 

l0»=52-9 

513 

41-3 

^^  X10'=62  7 

351 

27-5 

567 

451 

415 

32-7 

622 

500 

480 

37-9 

• 

662 

54-4 

• 

545 

42-6 

*  Tube  slips  (0. 


**  Tabo  breakB. 


Rates  ofr:ontracHon, 


p 

A9 

500 
500 
500 
500 

A  -y  X  10» 

20 
400 
500 
600 

511 
411 
38-7 
37-7 
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Tablk  •iS.-^Contraciion  due  to  cooUug  tnider  prengure.     Paraffin  (foHrth  aamplcj  chent 

capillar  if  lube). 


1 

e 

1 

Pr-  200  jitm. 

L  --- 18-3'*.        1 

y  Xl0»=28-7 

{     0 
15 

100  ! 

105  . 
212 
297  ' 
370  1 
412  ; 
400 
514  ' 

P=20atm. 
L  =  18-8^-. 

f     0 

16 

70 

112 

185 

{  Til 
294 
360 
442 

,488 

(526 

X  10^    • 


00 
10 
10-4 
lfr4 
2:i'5 
28-4 
3:)-9 
383 
432 
47-5 


00 
2  7 
80 
13-3 
21-8 
26- 1 
33  0 
3^-9 
48-4 
53-2 
50U 


P=200  atra. 
i  =  17-8'^-.        I 

Y  X  101  =  28  7  I 


=  400atin. 

=  17-8—. 

Xl0\=63-2 


00 
2-7 
61 
13-7 
181 
23-3 
34-4 
300 
45-4 


00 
0-6 
5-0 
10-1 
140 
19-6 
241 
28-5 
330 
380 
40-8 


►  P=20atni. 
i  L=18-8»-. 


o 

36 

148  ' 
210 

330 
»82 
44U 
490 
540 


P=400atin. 
*J  XlO»=53-2 


00 

96 

16(1 
2-J9 
3'JH 
35  1 
410 
46-3 
51.(5 
5(i-9 


0 

00 

26 

1-2 

73 

«2 

125 

8-9 

102  < 

140 

260 

196 

315 

2;iJ 

380 

291 

435 

U\ 

480 

36.9 

520 

40-J 

560 

431 

Table  49. 

—Contraction  due  to  cooliuij  under  pressure,    Naphthalene. 

(     0 

y'XiO' 

$ 

i 

rxio.} 

$ 

(    0 

y  ^  1»* 

•        00  ' 

r  0 

00 

1 

00 

35 

3-4  '1 

38 

2-4 

29 

20 

85 

6-9 

88 

61 

60 

44 

Pr^400atm. 
//r^20-4'='". 

170 

2r>() 

•^3-15 

13-3    1 

l^.'l   '  P^ 20  atra. 

2U0     .        T             Ol.irm 

178 

270 

s  354 

13-2 
20  9 

280 

P^400atei. 

/.=ao-3«. 

,  ^X10'  =  37 

18t 

254 

^334 

13-3 
18-7 
346 

^?X10'=37 

435 

330    ,  L=ilV'-. 

428 

34-6 

411 

310 

505 

39-9 

503 

41-7 

' 

490 

389 

575 

40- 8    i 

568 

48-8 

566 

45-3. 

624 

50-2 

638 

559 

.616 

48-3 

[677 

r  0 

55- 1  , 

[678 

602 

(689 

556 

00  , 

r  0 

00 

24 

0-5 

35 

20 

57 

4-2 

105 

6-4 

P  =  20atin. 

Iy=211"-. 

142 
200 
302 

;w2 

]]'}l    1  P  =  400  atra. 
31'^       ^''xl0'-37 

185 

270 

.  355 

485 

12-3 
17-2 
241 
36-4 

1 

481 

39-8    ,    y 

545 

42-4 

' 

r,:)y 

450  1 

615 

46-8 

591 

51-2 

675 

64-2 

' 

[048 

r    0 

56-9, 

[730 

61-5 

0-0  !| 

f     0 

0-0 

40 

4-4 

35 

1-9 

112 

9-4  ,1 

93 

6-2 

P=400atin. 
X-^20-4«-. 

175 
202 

13-8 

19-7   ,  P— 20  atra. 

167 
245 

13-3 
195 

^348 

26- 1  !    /.=-2ll'-. 

"l  415 

361 

^  X  10»=37 

420 

330    1 

493 

41-2 

507 

39-4  1! 

577 

48-8 

585 

45-8  ' 

615 

53-5 

638 

50-7 

Q&i 

C07 

[695 

57-6 

Relative  rates  (initial). 


P. 

A9. 

A  y   X  10» 

20 
100 

500 
500 

41-0 
86-6 
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Tablk  50. — Contraction  due  to  oooling  under  jyress are  tnonochlor  acetic  acid. 


/»^20  atra. 


P=2<10  Htm. 


7*^  200  atra. 
jD=20-7— . 


0 
18 
Sii 
108 
192 
258 
318 
377 
503 
528 
i.598 


X10« 


0-0 

1-9 

7-2 
13-6 
21-3 
29-5 
38-6 
449 
52-2  , 
58-5  I 
64-8 


00 
1-9 
7-0 
151 
250 
33-1 
41-1 
491 
60-5 
60-9 
78-4 


P=r400  atm. 
I/=20'3~. 


P=r20atm. 
i=r21-2'». 


0-0 
2-9 
8-2 
15-5 
24-6 
32-4 
400 
46-9 
51-6 
66-2 
68-6 


r=400  atra. 
L:^20-3«. 


0 
29 
166 
266 
3:^6 
402 
466 
516 
556  I 
61)3 
Gil  . 


oi 

13  1 
48  , 
104  I 
168  ! 
248  I 
316  ' 


17-8  (' 

296  ' 
37-4 
44-3 

52-3  , 
58-6 

63-9  , 

600  j 

74-9  , 


00  , 

1-4  '! 

7-1  I 
14-2 
23-2  ' 
32-5  I 
411  i 
48.2  I 
56.1 
63-2 
70-8 


f  0 

0-0  1 

35 

3-5 

75 

7-4 

145 

15-3 

217 

23-2 

|295 

321 

370 

40-4 

403 

44-3  1 

460 

51-3 

[620 

58-1 

/»--600atm. 


r  0 

10 
40 
100 
105 

2:j;j 

300 
367 
428 
485 
530 


P=20  atm. 
L=211'-. 


P=600  atm. 


XIO' 


00 
1-5  I 

12-6  I 
20- 1  1 
260  I 
:u.2  I 
40-7  I 
4."i-7  ' 
5:1-8 
60-4 


00 
4-8 
12-7 
22-2 

:w.7 

39-6 
49.1 
67' I 
64*6 
'  70-3 
79-8 


00 
2-0 
81 
21- 1 
29-6 
37-2 
452 
50-3 
65*3 
600 


P. 

A9 

A-J^X10« 

20 
200 
400 
600 

500 
500 
500 
500 

«4-8 
59-8 
58-5 
54-5 

These  data  very  fully  corroborate  each  other  and  the  statements  of 
the  above  §§  23,  30,  31,  35  and  41.  Contraction  under  pressure  when 
refen'ed  to  unit  of  volume  at  the  initial  (high)  temperature,  decreases 
at  a  rapid  rate  with  pressure.  In  case  of  paraflBn,  were  the  observed 
conditions. to  hold  indefinitely,  contraction  would  altogether  cease  at 
a  pressm^e  less  than  2,000  atmospheres.  This  follows  in  a  less  pro- 
nounced degree  for  nai)hthalene  and  chloracetic  acid.  The  lines  of 
cooling  for  the  same  low  pressure  are  parallel. 

COMPRESSIBILITY  INCREASING  INATERSELY  AS    THE  SECOND  POWER 
OF  THE  PRESSURE   BINOMINAL. 


48.  Properties  of  the  hyperhoUc  equation. — The  expression  v/V=l)i 
(1  +  ap)  *'*,  as  utilized  in  §  39,  furnishes  a  family  of  curves  which  must 
ill  their  ultimate  contours  necessarily  fall  below  the  correspond ing  iso- 
thermals  of  the  substance  under  discussion.    It  is  the  object,  of  the 

Digitized  by  LjOOQIC 


62  THE    COMPRESSIBILITY   OF   LIQUIDS.  [bull-W. 

present  section  to  investigate  a  similar  family,  tbe  ultimate  contours  of 
which  must  be  above  the  actual  isothermals.  This  may  be  done  by 
assuming 

dp  ^  (i  +  vp)i' w 

whence  by  integration 

v/V=^-^^ (2) 

'         1+yp  ^  ' 

In  this  case  when  j>  =  Qp,  (v/V)j^^=ipi/yj  or,  as  will  be  seen  in  the 
following  tables,  (v/  F)^,,  =  2/9.  In  the  actual  case,  v/  F,  though  it  can 
not  be  greater  than  1,  will  in  all  probability  eventually  exceed  2/9. 

The  method  of  discussion  to  be  adopted  is  similar  to  that  in  the  fore- 
going section. 

Suppose  in  the  first  place  that 


and 


Then 

or  if 

there  results 


yo=^.y^o/  (1  +  ypo) 

y'  =  ;/o(i>o+i>)/(l+v(i>o+)). 


^  =  //o/(l  +  nPoY  and  V  =  Ko  (1  +  VoPo)    .    .    •    .      (3) 


y  =  //i>/(l  +  vp), 


which  is  identical  with  the  form  (I).  Hence  if  jpo  and  p  are  consecutive 
pressure  intervals  between  0  and  p+Poj  then  the  constants  obtained 
from  observation  within  the  interval  p  may  be  reduced  to  those  apply- 
ing for  the  whole  interval  by  equations  (3),  or  the  equivalent  expres- 
sions 


//o=)m/1— vi>o*    yo=^y/l—ypo (4) 

44.  Presumptive  character  of  the  isometrics.— AccovAing  to  Mendeleef, 
Tliori>e,  and  Riicker  (1.  c.)  the  volume  of  liquids  in  case  of  thermal  ex- 
pansion may  be  represented  by 

Ve=l/{l-hd)       (5)^ 

where   pressure   is   constant.     Here   V$  is    the  actual  volume,  6  the 
tcniperalurc  and  k  tlic  specific  constant     Introducing  equation  (1) 
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Thermodynamic  surface. 
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and  (Icuotiiig  by  V  the  volume  for  the  pressure  i)  and  temperature  6^  I 
obtain 

wliicli  for  pressures  and  temperatures  not  too  great  may  be  put 

If  therefore  F=  Fc  =  con8t4mt, 

^=-"Fn  +^      "*r, —   .    •   .   .      (0) 

so  that  in  case  of  constant  vohirne  temperature  varies  linearly  with 
pressure,  small  intervals  of  variation  presupposed.  The  rigorous  de- 
duction of  (1)  and  (5)  is 

1-Fe  M  P  fj. 

^-■"    kVV  "kV^l  +  yp ^'^ 

which  is  linear  in  proportion  as  vp  is  small  compared  with  1.  In  §  40 
it  has  been  shown  that  the  relation  of  ^  to  2>  is  probably  linear  through- 
out a  much  greater  interval.  Hence  it  follows  that  equation  (1)  is 
insufficient  for  large  pressures. 

Regarding  equation  (5)  it  follows  that  if  ^o  and  d  be  two  consecutive 
intervals  of  temperature,  the  former  measured  from  zero,  and  if 

F^=l/(l-A^,^o),  F.  =  1/(1-^(^0+^)), 
and 


then 


F.  =  H-(7',-F.^)=l±^ 


Equation  (8)  with  the  exception  of  the  corrective  member  1^ffo$/{l — Jc6) 
has  the  same  form  as  (6).  Hence  the  observations  may  be  referred  to 
any  convenient  temperature  as  a  point  of  departure. 

45.  Hyperbolic  constanU  computed, — Applying  equation  (1)  §  43  to  the 
observations  in  §§  16,  17,  19,  20,  23,  25,  which  are  the  most  complete 
in  hand,  I  obtained  the  constants  given  in  Table  51.  It  is  clear  that 
V  must  be  some  function  of  /< ;  but  the  observations  are  too  crude  to  indi- 
cate the  precise  nature  of  this  function.  If  v  be  plotted  as  dependent  on 
/i,  the  points  are  seen  to  group  themselves  about  a  straight  line  passing 
through  the  origin.  Again  if  the  ratios  vj^  be  found,  the  consecutive 
results  show  no  discernible  march  or  grouping.  Hence  I  have  assumed 
the  ratio  as  constant,  and  have  added  its  mean  value  in  th,e  table. 
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The  ether  and  the  alcoliol  points  for  310° are  not  amenable  to  this  methwl 
of  treatment,  and  the  discrepancy  is  somewhat  apparent  in  the  ether 
point  for  185o.  In  ease  of  ak'ohol  therchition  of  constants  is  irregular, 
showing  unusually  large  errors  of  observation. 

Tablk  51. — UypcrboUc  conslanis  which  reproduce  the  isQihennal  decremeutM,     Direct 

comjtnlation. 


Tomp. 

MX  10« 

v>  lif 

Temp. 

M  X  10*            r  X  10^ 

Ether.                 | 

ToluHlino. 

290 

lO.'P 

i><:>o 

*3IOO 

IfiDO 

228  2 

3.'i2  9 

1.027  6 

10,  8420 

830 

1.028 

1.  .■)7:i 

3.  S70 

18,400 

280 

lOOO 
185-^ 
31U0 

5o:> 

700 
81-4 
H5-C 
4011 

53 
413 
110 
801 
1,730  1 
1 

Alc< 

»hoI. 

DipheDylamino. 

2«o 

lOOO 

185^ 

*310^ 

870 

lllo 

181-7 

348-2 

7.553  0 

243 

27li  ; 

1.630 

1,75.'> 

15,770  I 

05^ 
l(K>o 
li'5'^ 
310^ 

613 

69-3 

lM-4 

214-6 

162  ■ 
285 
613 
889 

Tonip.  I 


10' 


I'XHi* 


851 

iflin. 

65° 

lOO*? 

111-5 

Ih53 

181-5 

3103 

3ti8  1 

1. 

Tiiymol. 

28-^ 

07-8  ' 

650 

695 

1('0"> 

99-3 

IJCP 

162-5 

310O 

465-2 

2. 

191 
47.-. 
H45 
5H1 


465 

157  1 
55:i  ; 
71  :> 


*  Exceptional  value's  duo  to  partial  ndiabatic  expauMioH. 
Mean  ratio      =4-5. 

46.  Mean  hyperbolic  eonstanU  derived. — The  next  table,  52,  contains 
the  values  of  yu  obtained  by  accepting  the  equation  v  =  ^'5  //,  derived 
•at  the  end  of  the  last  table.  The  exceptional  alcohol  and  ether  points 
have  been  rejected.  In  general  it  will  bo  seen  that  the  diagram  of  ^ 
and  y  is  not  so  smooth  as  was  Plate  xii,  in  §37,  for  a  and  5.  This 
shows,  I  think,  that  the  equation  of  the  la.st  section  is  more  in  keeping 
with  the  character  of  the  observations  made,  than  is  the  equation  of 
this  section. 

Table  52. — Mean  hffperbolic  constants. 


V  y  = 


pp 

(1  4  4-5/ii;) 


SiibstAiue. 


fi  X  10^    I     Siibfttaucc. 

I 


Ether. 


29'^ 

100^  t 

*18;-P  i 
310O  .. 


167 
229 
35t 
,  221 


;  f   280 

I  I    «''^ 
Toluidino-para  J  li'O^-' 

310=* 


Alcohol . 


f   28^ 

1 85"^ 
I  I  310° 


115 
103 
340 


I  r  650 

Diphouj'laminc!     jj^-^, 

[310° 


/HXIO'     I       SulMt41DCe. 

_      I 

50  ■! 

H"      Paraffin 

141 
412 


64 

69 
112 
216 


! 


^xW 


*  Equation  bc;;ina  to  fail. 
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47. — The  isothermal  band. — Making  use  of  the  constants  in  Table  52, 
I  calculated  the  actual  isothermals  in  the  way  suggested  in  §  39.  The 
expansions  are  directly  observed,  and  the  only  hypothe-sis  introduced 
is  equation  1,  5  43.  The  results  so  obtained  are  inserted  in  Tables  38 
to  43,  where  F^^  are  the  actual  volumes  obtained  by  the  hyperbolic 
equation  §  43,  and  V^e  refer  to  the  exponential  equation,  §  8.1^.  These 
two  quantities,  constituting  the  upper  and  lower  limit  of  the  isothermal 
band,  are  to  be  discussed  together  somewhat  in  detail. 

In  case  of  ether  the  divergence  or  width  of  the  band  at  1,000  atmos- 
pheres is  about  0-4%  at  28©,  1%  at  65^^  and  1%  at  lOOo.  At  18r>o  the 
divergence  would  be  8%,  but  the  hyperbola  here  begins  to  fail.  Better 
accordance  could  here  be  obtained  as  far  as  185^  by  introducing 
y  =  0*0003  +  f  f /£,  as  found  from  Table  51 ;  but  in  consequence  of  the  labor 
already  spent  I  desisted  from  this  additional  trial.  My  purposes  are 
sufficiently  answered  by  the  above  computation.  Constructing  the 
relations  (isometrics)  for  p  and  0  when  V^  =  1,  it  will  be  seen  that 
whereas  in  the  case  of  the  exponential  formula  the  straight  line  is 
predicted  even  as  far  as  186^  and  1,300  atmospheres,  this  is  not  the  case 
for  the  hyperbolic  form.  Divergence  from  the  linear  curve  begins  very 
appreciable  at  100^  and  600  atmosi)heres. 

In  case  of  alcohol  the  conformity  of  results  is  better  throughout. 
At  1,000  atmospheres  the  curves  for  28^  do  not  diverge;  at  65°  the 
divergence  is  0-2%;  at  lOOo,  0-3%;  at  185°,  2%.  Putting  Fc  =  l,  it 
appears  that  whereas  the  exponential  relation  holds  linearly  as-  far 
as  1850  and  1,500  atmospheres,  the  hyperbolic  equation  holds  only 
as  far  as  100^  and  700  atmospheres. 

Divergence  in  ca«e  of  paraffin  at  1,000  atn^ospheres  is  0-1%  at  65^; 
0-2%  at  lOOo  5  0-7%  at  185° ;  6%  at  310o.  As  far  as  185^  and  900  atmos- 
pheres both  isometrics  are  linear.  At  310^  both  fail,  but  on  opposite 
sides  of  the  isometric.  The  agreement  of  the  exponential  is  preferable 
throughout. 

The  observations  for  diphenylamine  are  less  satisfactory,  partly  be- 
cause of  the  choice  of  0  atmospheres  as  initial  pressure,  partly  because 
of  some  error  in  the  expansion  data.  At  1,000  atmospheres  the  diver- 
gence of  curves  is  0-1%  at  65^;  0-1%  at  lOO^j  0-2%  at  185^;  1%  at 
310^,  The  interesting  feature  of  these  results  is  the  fact  that  the 
isometrics  seem*  to  retain  their  linear  character  as  far  as  310^. 

In  case  of  thymol  the  divergence  at  1,000  atmospheres  is  04%  at 
280;  0-2%  at  650;  0-1%  at  lOOO;  0-6%  at  1850j  3%  at  310©.  Irregu- 
larities  in  expansion  have  also  distorted  these  results. 

Finally,  in  case  of  para-toluidine  the  divergence  at  1,000  atmospheres 
at  280  is  nil  J  at  05o,  nil;  at  100^,  0-3%;  at  185o,  0-3%;  at  310©,  3%. 

48.  Conclusion. — Summarizing  these  results,  it  api)ears  that  the  ex- 
ponential i?/'r=iw(l  +  ajp)*/*  is  more  in  keeping  with  the  general 
character  of  the  isothermals  discussed  than  is  the  hyi)crbolic  form 
v/  F=pji/(l+vp).  Both  equations  fail  at  310^.  It  is  diffi(^ttx)  assign 
Bun.  92 5  °'^  '""^  ^^  ^^^d 
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a  reason  for  this.  It  is  not  probably  due  to  occluded  air  since  tlie  sub- 
stances were  boiled  and  introduced  into  a  hot  capillary  tube.  More- 
over, in  case  of  mercury  (Table  3)  an  air-bubble  discrepancy  if  present 
would  necessarily  have  shown  itself  at  310"^.  The  error,  due  to  the 
fact  that  my  curves  must  be  in  some  small  part  adiabatic,  would  induce 
too  slow  a  variation  of  volume  and  hence  emphasize  the  high  tempera- 
ture break  of  the  isometrics.  There  may  be  dissociation  of  many  of 
the  above  organic  substances  at  this  high  temperature.  Azo-benzol, 
for  instance,  actually  decomposes  and  turns  black  at  310^.  But  just 
what  the  effect  of  dissociation  will  be,  in  modifying  the  computed 
isothennal,  is  not  easily  conjectured,  for  the  greater  compressibility 
resulting  is  compensated  by  larger  initial  volumes.  The  high  tempera- 
ture break  might  result  from  inconstancy  of  temperature  in  the  boiling 
tube.  I  did  not  explore  the  distribution  of  temperature,  for  the  be- 
havior was  such  that  I  had  no  reason  to  suspect  inconstancy. 

To  interpret  these  discrepancies  I  resolved  to  make  direct  measure- 
ments for  ether,  a  case  in  which  the  high  temperature  break  is  most 
pronounced.  Finding  a  tube  which  was  strong  enough  to  resist  1,000 
atmospheres  at  310°,  I  obtained  the  following  exami)le,  Table  53,  of 
many  similar  results.  The  volumes  are  all  refej-red  to  unit  of  volume 
at  100  atmospheres  and  22°.  To  reduce  them  to  100  atmospheres  and 
290  (which  hold  for  the  above  designated  isothermals.  Table  38),  the 
volumes  at  300°  must  be  decreased  about  1'0%.  By  doing  this  I  ob- 
tain the  ''observed"  isothermal  inserted  in  PI.  xiv,  Fig.  1.  Since  the 
length  of  thread  L  is  now  only  1'85<'"^,  the  h)w  teniperature  isothermal 
can  not  be  accurately  given.  The  tube  broke,  in  my  final  endeavors  to 
repeat  the  experiments,  in  such  a  way  to  exclude  adiabatic  conditions. 

Table  oS.—IsoihermaU  of  ether.    Direct  measurement,    0  =  3(KP ;  L  =  6-00«™. 


p 

Volnine. 

Volume. 

P 
atm. 

-too.... 

500.... 
600.... 

Volume. 

Volume.  I 

t 

P 

Volume. 

Volume. 

atm. 
100.... 
200.... 
300.... 

3-30 
l-STi 
1-56 

312 
1-76 
1-52 

1-43 
1-34 
1-28 

1-41 
1-3-2  , 
1-26 

atm. 

700.... 
800. .. . 
900.... 

124 
119 
116 

1-23 
119 
116 

d=22<>;  i  =  l-85«-. 

100. .. . 
200.... 

100 
■»9 

100 
•90 

1 

300.... 
,  400.... 

1 

■»7 
•96 

sj 

It  follows  from  this  table  that  the  300^  i)()int  of  the  ether  isometric 
may  be  looked  for  in  the  region  of  2,000  atnios])heres.  Hence  the  ob- 
served results  substantiate  the  computed  isometric  for  ether  given 
in  Plate  xiv,  which  predicts  the  corresponding  point  at  about  2,200 
atmospheres.  Nevertheless  it  can  not  be  too  carefully  noted  that  if 
the  isometrics  for  volumes  1*2, 1-3, 1-4  ••  •  be  constructed  (185°  and 
310O  being  now  available)  the  break  between  185^  and  310^  remains  in 
full  force,  quite  in  conformity  with  the  other  data  (aleohoL  naraffin, 
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etc.).  The  full  explanation  of  the  occurrences  here  met  with  is  of  ex- 
ceedingly great  importance  in  its  geological  bearing  and  will  there- 
fore be  made  the  subject  of  my  subsequent  work.  Curved  isometrics 
lead  to  certain  interesting  conditions  of  mfiximum  volume. 

The  chief  observational  discrox)aucy  encountered  in  these  results 
is  the  expansion  error  in  case  of  substances  which  solidify  between  ob- 
servations at  different  temperatures.  Hence  the  effect  of  different 
volumes  on  the  slope  of  the  isometrics  can  not  be  satisfactorily  dis- 
cussed. Since  c<)mi)ression  measurements  retain  their  value  independ- 
ent of  the  thermal  expansions  and  since  the  method  pursued  is  such  that 
all  necessary  measurement  lor  thermal  expansion  can  be  made  at  at- 
mosplieric  pressure,  the  difficulties  may  easily  be  rectified.  By  using 
a  thermometer  tube  the  purely  thermal  data  can  be  supplied  witii  any 
desired  degree  of  accuracy.  This  I  conceive  to  be  the  advantage  of  the 
mode  of  investigation  set  forth  in  the  present  paper. 

Among  the  import^iut  results  of  the  above  tables  is  the  fact  that 
compressibility  moves  on  the  even  tenor  of  its  way  quite  independent 
of  normal  boiling  points  and  melting  points,  provided  of  course  the 
conditions  are  not  such  that  boiling  and  melting  can  actually  occur. 
For  this  reason  compressibility  is  particularly  adapted  for  exploring 
the  nature  of  the  environment  of  the  molecule  in  its  relations  to  tem- 
perature, i.  e.  for  exhibiting  the  character  of  the  thermal  changes  of 
the  molecular  fields  of  force. 

49.  The  above  work,  though  confined  to  relatively  low  ranges  of 
pressure,  was  believed  to  have  a  more  general  value  for  reasons  such 
as  these:  Instead  of  tracing  the  isothermals  of  a  single  substance 
throughout  enormous  ranges  oi'  pressure,  similarly  comi)arable  results 
may  possibly  be  obtained  by  examining  different  substances,  conceived 
to  exist  in  as  widely  different  thermal  states  as  possible.  For  in  such  a 
case,  inasmuch  as  the  actual  or  total  pressure  is  the  sum  of  the  pressures 
applied  externally  and  the  internal  pressure,  the  total  pressure  in 
question  virtually  varies  enormously.  This  calls  to  mind  the  remarks 
made  in  §§  35  and  43  relative  to  observations  confined  to  limited  parts 
of  an  isothermal.  , 

Finally,  the  work  of  the  present  paper  may  be  looked  at  from  quite  a 
different  point  of  view.  Suppose,  for  instance,  I  regard  the  linear  iso- 
metric proposed  by  Ramsey  and  Young  (loc.  cit.)  as  an  established  fact. 
Then  the  chief  result  of  the  present  work,  viz,  that  the  exx)onential 
equation  (2)  if  a[)])lied  to  the  observed  changes  of  volume  predicts  a 
linear  isometric  throughout  an  enormous  range  of  pressure,  affords 
favorable  evidence  of  the  probable  truth  of  the  exponential  equation 
in  question.  In  other  words,  it  is  probable  that  along  any  isothermal 
compressibility  increases  inversely  as  pressure  augmented  by  a  con- 
stant.   The  interpretation  of  this  constant  can  not  now  be  given. 
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OHAPTEE  II. 

THE  EFFECT  OF  PRESSURE  ON  THE  ELECTRICAL  CONDUCTIVITY 

OF  MERCURY. 

mTKODUCTORY. 

60.  Purposes  of  the  work. — ^In  the  endeavor  to  obtain  data  for  the  re- 
lation between  melting  point  and  pressure,  a  question  which  in  it^i 
higher  phases  is  of  extreme  geological  importance,  the  difficulties  of 
the  general  problem  make  it  advisable  to  begin  with  material  which 
can  easily  be  operated  on.  Mercury  suggests  itself  at  once.  Its  melt- 
ing point  is  very  low,  at  temperatures  where  most  resinous  cements, 
marine  glue  for  instance,  are  practically  rigid.  This  greatly  facilitates 
the  construction  of  high-pressure  apparatus,  and  the  experiments 
therefore  become  of  a  less  formidable  character.  The  molecular 
structure  of  the  metal  is  relatively  simple,  which  is  another  advantage. 
Apart  from  practical  considerations  the  behavior  of  any  substance  of 
definite  character  has  its  own  intrinsic  importance  and  must  contrib- 
ute essentially  to  a  general  diagram  of  the  fusion  jihenomena  in  ques- 
tion. 

Again,  mercurj''  in  common  with  many  other  metals  (K,  l^a,  Sn,  etc.) 
shows  a  marked  increase  of  electrical  resistance  on  passing  from  the 
solid  to  the  liquid  condition.  Indeed .  the  resistance  of  the  liquid  may  be 
from  two  to  five  times  that  of  tlie  solid  metal,  as  the  researches  of 
Matteuci,  Matthiessen,  Siemens,  L.  de  la  Eive,  Cailletet  and  Bout}^,^  C. 
L.  Weber,'  Grunmach,^  and  others  show.  The  change  of  resistance  in 
question  may  therefore  be  expediently  selected  as  a  criterion  offtmon^ 
a  principle  which  may  be  used,  cautiously  •of  course,  in  the  crises 
of  metals  and  even  of  some  solid  electrolytes.  The  conductivity  of 
glass,  for  instance,  increases  at  a  phenomenally  rapid  rate  while  the 
solid  passes  through  the  viscous  stages  into  fluidity  (Buff,  Beetz,  Gray, 
Foussereau,  Perry,  and  others  *).  From  all  this  it  follows  that  the  some- 
what cumbersome  problem  of  melting  point  and  pressure  may  in  many 
instances  be  translated  into  electrical  resistance  and  pressure^  a  form  in 


iCailletot  and  Bouty :  C.  R.,  vol.  100,  1885,  p.  1188. 

«C. L.  Weber:  Wied.  Ann.,  vol.  '1\  1888,  p. 245;  Ibid.,  vol.  37,  1889,  p.  687;  ibid.,  vol.38,  188»,  p. 227. 
"Grunmach:  Wied.  Ann.,  vol.  a.l,  1888.  p.  764;  ibid.,  vol.  30, 1889,  p.  587;  ibid.,  vol.  37, 1889,  p.508. 
'  The  litoraturo  is  given  in  my  paper  on  stressed  glass  (Aui.  J'oar.  Soi.,  vol.  37, 1889,  pp.  339,340). 
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which  it  is  much  better  adapted  for  experimental  attack.    Tliis  indi- 
cates the  general  trend  of  my  present  work. 

The  present  chapter  shows  this  method  to  be  feasible.  1  measure 
the  effect  of  pressure  on  the  conduct!  \ity  of  mercury  at  ordinary  tem- 
peratures, the  results  of  which  work  afford  a  sufficient  i)reliminary  test. 

51.  Literature. — ^The  effect  of  pressure  on  the  conductivity  of  liquid 
metals  is  not  well  known.  Chwolson  *  operated  on  solid  metals,  obtain- 
ing results  of  '01%  (copper  and  brass)  to  •!%  (lead),  per  100  atmos- 
I>heres.  These  data  are  too  small  to  be  of  practical  use  of  the  kind 
above  in  view,  except  in  the  case  of  lead  perhaps.  They  are  too  easily 
distorted  by  the  thermal  effect  of  compression.  Compared  with  my 
results  for  liquid  mercury  they  siiggest  that  distinctions  between  the 
solid  and  the  liquid  states  may  perhaps  be  feasible  in  a  scale  of  com- 
pressibility. E.  Lenz,  *  operating  on  meaxniry,  found  a  diminution  of  re- 
sistance of  2%  per  100  atmospheres,  proportional  to  the  pressure  of  1  to 
60  atmospheres,  a  very  favorably  large  result  quite  in  keeping  with 
my  purposes.  E.  Pfeiffer,^  using  Cailletot's  pump,  communicates  a 
method  for  the  measurement  of  electrolytic  rCvsistance  under  pressure, 
and  data  for  an  aqueous  solution  of  CO2.  J.  W.  Clarke*  electi*olyzed 
dilute  sulphuric  acid  in  a  closed  space.  L.  Graetz^,  taking  a  some- 
what different  line  of  departure,  endeavors  to  aiTive  at  the  effect  of 
pressure  on  the  resistance  of  solid  salts. 

Foussereau^  dist^overed  some  remarkable  effects  of  long  continued 
high  pressure  (175  atmospheres)  on  the  condiu'tivity  of  metallic  chlo- 
rides (Fe,  Al)  in  very  dilute  solution.  The  effect  of  pressure  on  the 
resistance  of  carbon,  which  lies  beyond  the  present  work,  has  been 
studied  by  MendenhalP  and  others. 

This  practically  closes  the  list  of  more  or  less  closely  allied  researches. 
The  results  of  R.  liCnz  seem,  therefore,  to  be  the  only  special  data  in 
hand.  Again,  a  study  of  the  combined  effect  of  temperature  near  the 
melting  point  of  a  metal  and  the  superincumbent  pressure  has  never 
been  made. 

SIMPLE  METHODS  AND  RESULTS. 

52.  GailUtefs  tvhes  described. — My  first  experiments  were  made  with 
Caillet^t's  oxygen  tubes,  into  the  small  end  of  which  a  platinum  ter- 
minal was  either  ftised  or  cemented  with  marine  glue.  The  tubes 
themselves  proved  to  be  badly  annealed  and  unexpectedly  fragile 
when  subjected  to  high  pressure.  I  therefore  took  Prof.  Rood's  pre- 
caution of  annealing  them  at  450°,  until  traces  of  polarization  disaj)- 
peared.    For  this  purpose  it  was  convenient  to  cover  the  glass  with 

*ChT7o1<w>ii:  Carra  Keportorium,  vol.  U,  1878,  p.  26.  27.    Beiblfttter,  vol.5,  1881,  p.  449. 

«R.  Lenz:  BeibUitter,  vol.  6,  1882,  p.  802.    Original  (Stuttgart,  1882)  not  accessible. 

•PfeiflTer:  Wie<l.  Ann.,  vol.  23,  1884,  p.  625. 

^Clarke:  Phil.  Mag.  (5),  vol.  20,  1885,  p.  435. 

•GraetK:  Wied.  Ann.,  vol.  29,  1886,  p.  314. 

•  FouasoroAu:  C.  R.,  vol.  104,  1887,  p.  1161. 

» Mendeuliall:  Am.  Jour.  Sci.,  3d  sen,  vol.  24, 1882,  p.  43.  /-^  T 
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asbestuB,  surround  this  with  a  piece  of  iron  gaspipe  also  covered  with 
asbestus,  and  then  expose  it  in  a  combustion  furnace,  Fletcher's  beiiigr 
preferable.  In  spite  of  all  precautionary  preparation,  I  found  the  tubes 
in  hand  (external  diameter  2/?2  =  l-S**™,  internal  diameter  2/oi=0-17*°') 
to  be  incapable  of  withstanding  more  than  200  atmospheres  internal 
pressure.  In  future  experiments  it  will  therefore  be  necessary  to  tako 
advantage  of  smaller  diameters. 

Instead  of  platinum,  amalgamated  zinc  terminals  were  used  in  ease 
of  the  zinc  sulphate  solutions. 

63  Electrical  apparatus, — The  tubes  were  made  part  of  a  Wheat- 
stone  bridge  of  which  the  corresponding  branch  was  a  suitable  rheo- 
stat X.  Ifa/h  =x/By  and  if  I  know  the  deflections  of  the  galvanoDie- 
ter  for  any  increment  dXj  I  can  at  once  compute  the  quantity  dR  pro- 
duced by  a  given  pressure.  For  in  the  case  of  like  deflections, 
dx/x=:dB/B.  By  this  simple  and  convenient  method  I  obtained  the 
data  of  Table  54,  by  alternately  increasing  and  decreasing  thepressiu-e 
by  increments  of  25  atmospheres  each.  In  Table  54,  dp  is  the  incre- 
ment of  pressure  in  atmospheres,  practically  in  megadynes  per  square 
centimeter,  since  the  Bourdon  gauge  (§  9,  10)  used  is  neither  absolute 
nor  very  sensitive.  SB/R  is  the  corresponding  increment  of  resistance 
for  each  dp.  By  adding  to  dR/R  the  correction  dr/r  due  to  the  expan- 
sion of  the  glass  tube  (the  method  of  computing  rJr,'r  will  i^rescutly  be 
shown,  §  55)  I  obtain  the  final  column  SRo/Rf^  or  the  resistance  eftect 
of  the  hydrostatic  pressure  p,  I  may  state  that  my  galvanometer,  in 
case  of  mercury,  was  sensitive  enough  to  show  deflections  of  21«^"  read- 
able to  O'Ol^*"  per  100  atmospheres. 

64.  Preliminary  data. — The  initial  pressure  in  the  following  talile  is 
25  atmospheres,  insuring  fixed  positions  of  partsj  and  absence  of  small 
air  bubbles.    Commercial  mercury  was  used. 

Tablr  54. — Effect  of  compression  on  the  resistance  of  mercury^  and  of  zinc  snlph4tU 

solution. 


[Caniotet  tubes :  Internal  diameter 

,  008<«; 

external  diameter,  0»0«.] 

Commercial  mercury. 

Concentrated  solution,  Ruli)liate  zinc. 

Up. 

10^  X 
6Ji/n. 

10»X 

6r/r. 

lO'X 

<Ji>. 

10' X 
dlilR. 

lO'X 
6r/r. 

10' X 

Mm. 
25.... 
50.... 
75  ... . 

100  ... . 
125.... 

— M 
—22 
-3-2 
-4-3 
—5-5 

-01 
—0-2 
-0-3 
—0-4 
-0-5 

-10 

—20 
— 2'0 

Atm. 

(1)  40 
70 

-2-7 
— »0 

-0-2 
—0-3 

-2-5 
—3-7 

—39 
—50 

(2)   60 

-2-5 

-0-2 

-2-3 

It  can  not  be  said  that  the  effect  of  gaseous  polarization  in  ca«e  of 
zinc  sulphate  is  thus  eliminated.  I  was  not  surprised,  therefore,  to  find 
these  results  less  regular  thnn  in  case  of  mercury.  In  the  mean  of  two 
series  of  measurements  with  pressure  increasing  and  pressure  decreas- 
ing, respectively,  the  thermal  effect  of  compression  majc  be  considered 
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• 
eliminated,  provided  the  ol)server  waits  long  enough  between  series 
and  observations.     During  these  intervals  of  waiting  the  assistant 
easily  keeps  the  pressure  constant  by  moving  the  screw  injector  of  the 
Cailletet  pump. 

66.  Correction  for  volume  changes  of  tube. — Allowance  may  be  made 
for  the  volume  changes  of  the  tube  as  follows:  If  r  be  the  resist-^nce, 
rr  the  specific  resistance  of  a  column  of  length  l,  section  q  and  volume 
r,  then 

r=:al/q  =  (TP/v;  $r/r  =,2^1/1— 6v/v      •••(!) 

In  case  of  internal  pressure  and  a  long  cylindrical  tube^ 

where  |>  is  the  hydrostatic  pressure  applied,  pi  and  p2  the  radii  internal 
and  external  of  the  tube,  l/k  the  compressibility,  n  the  rigidity  of  the 
glass.    Again,  nearly  enough, 

'h'l^-JzrpP'^ (3) 

where  fi  is  Young's  modulus.    Hence 

*/-^^Wll-T-S'U    •  •  •  w 

in  which  equation,  in  case  of  capillary  tubes,  the  last  term  is  alone  of 
interest.  Everett's  (loc.  cit.)  values  for  flint  glass,  this  being  the  sub- 
stance of  my  tubes,  are 

fc=:'4-lxl0";  71  =  2-4x101^    /u  =  6-0  x  10"  atm.  =  10«. 

Introducing  these  into  equation  (4),  the  values  6r/r  given  in  Table 
54  follow. 

In  addition  to  the  gauge  inaccuracies,  the  resistance  of  the  mercury 
column  of  the  Cailletet  tube  is  too  small  for  fine  measurements.  The 
galvanometer  deflection  is  more  or  less  fluctuating.  Hence  I  have 
rounded  off  the  data  in  Table  54.  The  resistance  of  the  zinc  sulphate 
column  in  such  a  tube  is  about  20,000  ohms.  Having  no  suflficiently 
sensitive  telephone  or  dynamometer,  I  made  galvanometer  measure- 
ments, though  these  are  less  well  adapted  for  electrolytic  work.  Other 
technical  diflftculties  are  to  be  passed  over  here. 

56.  Preliminary  result  stated, — The  interesting  result  of  table  64  is 
this:  Both  in  the  case  of  mercury  (metal)  and  of  zinc  sulphate  solution 
(electrolyte),  the  electrical  effect  of  comx)ression  without  change  of 
temperature  is  a  decrement  of  specific  resistance,  proportional  to 
pressure.    Kelatively  speaking  the  order  of  this  decrement  in  the  two 
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cases  is  not  very  different,  being  less  than  one-half  j>eT  cent  per  100 
atmosplieres.  The  greater  coeflBcient  found  for  zinc  sulphate  inuy  be 
too  large,  because  of  the  conden«ation  of  the  polarization  gases  during 
compression. 

PIEZOMETER  METHODS  AND  RESULTS. 

67.  Tubular  piezometer  described, — After  these  encouraging  results  I 
resolved  to  repeat  the  mercury  experiment  with  greater  accuracy.  I 
availed  myself  for  this  purpose  ot  a  change  of  method,  by  which  much 
greater  pressure  could  be  applied  to  filamentary  capillary  tubes,  simil- 
taneously  within  and  without.  The  apparatus  used  is  practically  a 
tubular  piezometer  of  steel,  the  dimensions  of  which  are  necessarily 
slender.  Filamentiiry  tubes  and  metallic  vessels  insiu'e  greater  con- 
stancy of  temperature.  In  a  thick  glass  tube  the  temperature  of  the 
mercuiy  thread  can  not  be  certainly  known. 

The  pi«5ometer  is  shown  in  PL  xxvi.  Here  ddd  •  •  •  is  the  steel  tube 
screwed  below  into  a  flange  FF,  by  which  it  is  attached  to  the  Cailletet 
pump.  Cf.  §  5.  The  mercury  to  be  compressed  is  contained  in  a  glass 
tube  acfk,  the  lower  i)art  cf  of  which  is  drawn  out  into  a  very  fine 
capillary.  The  lower  end  communicates  with  another  glass  tube  /, 
carrying  a  platinum  capillary  tube  bent  hook-shaped,  Jc,  Above,  the 
platinum  wire  ac  (one  electi'ode)  has  been  inserted  into  the  wide  part  a 
of  the  tube  and  extends  down  as  far  as  c,  where  it  is  in  contact  with 
the  mercury.  The  top  is  cU)Red  with  a  thread  of  marine  glue,  which 
secures  the  platinum  wire  in  place.  To  introduce  the  mercury  into  the 
capillary  tube  axik,  it  is  withdrawn  from  the  apparatus  and  filled  in  a 
suitable  way  by  aid  of  a  mercury  air  pump.  A  layer  of  marine  glue 
gg  holds  the  tube  in  place.  The  perforated  screw  b,  through  which 
the  platinum  wire  a  passes  without  contact,  closes  the  tube.  Leakage 
is  prevented  by  putting  in  ft,  when  hot,  and  dipping  it  in  liquid  marine 
glue  before  inserting.  After  these  adjustments  are  made  the  steel  tube 
ddd  '  •  is  inverted  and  mercury  hhh  •  •  •  poured  in  from  below.  A  pro- 
longation ee,  ending  below  in  a  hook,  is  screwed  to  ddd  •  •  •,  so  that 
when  the  tube  is  in  position  again  it  remains  filled  with  mercury.  The 
air  pump  may  also  be  carefully  used  to  make  this  filling.  To  facilitate 
the  adjustment  various  other  appliances  are  necessary.  I  omit  them 
here,  as  they  easily  suggest  themselves  to  the  physicist.  Electric  cur- 
rent enters  on  the  outside  of  the  iron  ti'ough,  §  5,  and  passes  via  h  into 
k  and  the  mercury  i;  thence  through  the  capillary  mercury  thread  cf. 
and  the  platinum  wiie  ca  back  to  the  battery. 

Let  me  add  that  the  end  a  of  the  tube  ack  is  much  stronger  and  of 
finer  bore  than  has  been  shown  in  the  figure.  It  will  be  noticed  that 
fk  is  a  reservoir,  permitting  contractions  of  the  inclosed  mercury  dur- 
ing compression.  When  difterent  low  temperatures  are  necessary  for 
observations,  the  whole  length  of  steel  tube  ddd  •  •  •  is  to  be  jacketed 
with  an  appropriate  thermal  bath* 
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.  RmdU.'—Mo^t  of  the  data  of  Table  55  were  obtained  at  about  20o. 
ise  of  the  work  detailed  iii  tbe  last  cohiinn,  however,  I  surrounded 
ube  with  a  cold-water  jacket,  in  this  way  guarding,  against  thermal 
s.  p  denotes  the  hydrostatic  pressure,  dR^/Ro  the  corresponding 
cted  decrement  of  resistance.  Correction  is  easy  in  this  case,  he- 
imply  j>/w,  where  n  is  the  rigidity  of  the  glass.    The  table  also 

Rj  the  resistance  in  ohms  of  the  divers  mercury  threads  whose 
)xiinate  length  is  I  and  mean  radius  px.  The  mean  external  dlame* 
•  the  filamentary  tubes  is  p^.  Experiments  (1)  and  (4)  were  made 
the  same  glass  tube  difierently  adjusted.  Experiments  (5),  (6), 
\)  with  two  other  tubes.  The  last  three  experiments  are  the  most 
lete  of  the  series,  pressure  having  been  increased  from  zero  to  the 
uum  (300  to  500  atmospheres),  and  then  again  decreased  from  the 
num  to  zero.  The  mean  of  these  i^airs  of  data  appears  in  the 
Again,  (6)  is  obtained  with  a  small  Bourdon  gauge  (0  to  300 
pheres,  cf.  §  9),  (7)  and  (8)  with  a  large  Bourdon  gauge  (0  to 
atmospheres).  Hence  the  agreement  of  data  (6),  (7),  (8),  is  an 
ent  check  on  the  gauges  used,  as  well  as  a  warrant  for  the  validity 

results.  This  appears  clearly  in  PI.  xxvii,  thus  substantiating 
Q  remarks  made  in  Chapter  I,  §  9. 


55. — Effect  of  isothermal  compression  on  the  electric  resistance  of  mercury, 
zometer  method. 


Pie- 


10»X 

10^  X 

10' X 
IRJB 

10»x 

5P 

lOJX 

10' X 
IR^'R 

10»X 
tRo/R 

lOiX 
6R^R 

—0-63 

(2) 

-0-49 
-129 
-208 
-2-75 
-3.47 
Break. 

-(3) 
—0-37 
-1-22 
-1-95 
—2-69 
—3-41 
—411 
-4-84 
-5M5 
-r6-21 
—709 
-7-67 
-8-20 
Break. 

18b» 

15«- 
•006'- 
.03« 

1 
(4)       ij   Atm. 
-0-58        25.... 
—1-37        50.... 
-213  i|    75.... 
-2-89  11  100... 
-3-61  '!  125.... 
— 4-:i8  1,  150.... 
Break.     !  175.... 

.      ..      Il  20)   _    . 

(5) 

-0.92 
— 1-(I9 
-2-47 
—3-24 
—401 
—4.71 
Break. 

(6) 

-0-79 

-1-56 

-2-31 

-3^10 

-3-75 

—457 

—5-31 

—6.07 

~6-87 

-7-50 
-8^28 

(7) 
—  07« 

t(8) 

—1-50 

l-4< 

Break. 

-219 

302 

—  382 

4-42 

—  6-35 

5.91 

1  225:.:. 

-6-77 

i  JTM  ... 

7-43 

;  275.... 

—  8.22 

.....::...  1  ??P0 

8-96 

3'25 

—  9-78 

18» 
15«» 
•005«« 

18«« 

15«- 
•005«- 
•03'" 

'  350.... 

10-41 

375 

-10-81 
7-5« 

15«- 
•008- 
•035« 

18a> 

15«- 
•005*- 
•03*« 

J2= 
l^ 

p,= 

lOw 
j5« 

•oa7« 

•035«- 

75« 
15«« 
•008"» 
•035« 

(»  temperature,  neries  <1)  to  series  (7)  is  18^^. 

>  temperature,  series  (8).  is  6^.    ^t  ^=350  atmospheres  no  change  of  resistance  was  ob- 

1  riug  6  minutes  of  waiting. 

.  XXVII,  all  these  data  are  constructed  graphically.  The  divers 
f  observations  are  numbered  as  in  Table  55,  and  together  they 
p  a  diagonal  line  running  quite  across  the  chart.  It  is  seen 
3  distribution  of  points  differs  quite  as  much  for  one  and  the 
Lbe  ((3),  (2),  (4),  (1)),  as  it  does  for  different  tubes  ((1)  to  (4), 
o  (8)).  As  a  rule  the  deviations  are  errors  largely  avoidable, 
tiit  a  discussion,  and  merely  refer  to  the  good  agreement  of4;he  j 
ies  (6)  to  (8)  already  mentioned.  Digitized  by  V^OOgle 
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DEDUCTIONS. 

58.  Purely  thermal  vari<ition  of  resiHtance. — Accepting  Grai^siV  Talof 
for  the  compn^ssibility  of  mercury,  3x10-*  per  atmosphere,  wliicb  i>  a 
fair  mean  of  the  data  of  Colladou  and  Sturm,  and  of  Oersted,  the  chait 
easily  enables  me  to  pass  from  oBjR  as  a  function-  of  i>*  to  ^R/E  a> 
a  function  of  <?r/r,  where  v  is  the  symbol  of  volume.  Again  from  the 
known  electrical  temperature  coetticient^  of  mercury  (0-0(H)8  at  ordinan 
tem[)eratures),  and  the  known  coetticient  of  expansion  (0-00018),  it  i> 
ejisy  to  construct  dR^/R'  as  a  function  of  «Jr/r,  when  the  cause  of  tbv 
simultaneous  variation  is  change  of  temperature.  Hence  the  chart 
contains  two  lines,  showing  the  values  of  dR/R  corresponding  to  the 
same  volume  dei»rement  ^tj/r,  when  the  causes  of  variation  are  tem- 
perature alone,  and  ])ressure  alone,  resi)ectively.  Curiously  enough. 
'-t)R/R>^R*/R'j  an  important  result,  which  I  shall  presently  interpret. 
Tlie  chart  also  contains  the  corresponding  data  for  solution  of  zinc 
sulphate.  *}RjR\»  in  the  region  of  negative  dR*  oH'/R%  however,  in  the  1 
region  of  positive  SR.  if  umerically  SR^/R'  is  very  large  in  comparison  { 
with  dR/Rj  besides  having  the  opposite  sign.  I 

The  line  extending  through  tlie  chart  is  very  nearly  straight.  Com-  [ 
patibly  with  the  accuracy  of  measurement  it  may,  therefore,  be  inferred 
that  the  ratio  of  the  quantity  f)R  R  to  *ip/v,  or  to  pressure,  is  constant 
throughout  an  interval  of  about  500  atmospheres.  Hence  the  conclu- 
sions, §  56,  drawn  from  Table  51,  are  materially  substantiated  by  Table 
65.  The  chart  expresses  approximate  relations  which  may  be  put  suc- 
cinctly as  follows: 

By  subjecting  commercial  mercury  to  pressures  between  10  and  400 
atmospheres  isothermally,  —  <J/^/7i*  =  30  x  10-« /?/>,  where  dR/R  is  the 
decrement  of  si)ecific  electrical  resistance  i?,  corresponding  to  the 
pressiu-e  increment  ^5/).  If  r  be  the  symbol  of  volume,  then  dT/r= 
3xl0-«  Sp,     Hence  dR/R  =  Wov/v. 

Ue  be  the  symbol  of  temperature,  the  results  which  apply  isopiei>tic- 
ally  at  ordinary  temperatures  and  pressures  are  ^JKVJK'==8(H)xlO-*  oa; 
dr/v=zlSi)xlO-^  do.  Hence  3R'/R' z=z^"k  dv/v^  where  i^'  refers  to 
electrical  resistance  considered  in  its  thermal  relations. 

69.  Again,  by  subjecting  a  concentrates!  solution  of  zinc  sulphate  to 
pressures  between  10  and  150  atmosi)heres,  isothermally,  — ')iJ/^  = 
50x10-*^  dp.  The  other  relations  corresponding  to  the  above  must  be 
estimated : 

-  dv/r  =  50x  10-6  dp;  -^dR'/R'=0'4:  d0;  and  <Jr/i?  =  200  de. 
The  chief  magnitudes  are  here  of  different  order  and  even  of  sign  from 


I  The  newer  valaes  of  Tail  and  of  Amagat  (loo.  oit.)  would  not  essentially  modiOr  the  statcmentu  of 
the  text. 

*  The  aabscrfptA  ssoro,  which  were  uaed  above  to  accentuate  the  corrected  values  of  JR  etc.,  are  benoe- 
forth  conveniently  dropped. 

*  I  made  a  special  measaremeut  of  tliis  coefficient  for  the  mercury  used.  ^-^  j 
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Apparatus  for  compressiiig  mercury. 
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e  applying  to  niorcury.  Therefore,  this  estimate  is  sufficient  for  tlie 
wing  inferences: 

le  chart  shows  at  once  that  to  bring  the  compression  loci  into  coinci- 
e  with  the  thermal  loci,  the  former  must  be  rotated  around  the 
I)  in  a  direction  contrary  to  the  hands  of  a  watch.    The  angle  of 

ion  is  much  greater  for  zinc  sulphate,  solution  than  it  is  for  mercury. 
•e,  as  before,  both  in  the  case  of  the  metal  and  of  the  electrolyte, 
sftect  of  isothermal  compression  is  a  decrement  of  resistance  pro- 
onal  to  pressure,  and  by  deduction,  the  immediate  electrical  effect 
i€  of  temperature^  dR^/R*  —  dR/R.,  is  a  decremmit  of  specific  resist- 
both  in  the  case  of  the  metal  (Hg),  and  of  the  electrolyte  (ZuSO^+Aq). 
lis  points  out  an  inherent  similarity  between  the  metallic  and 
lectrolytic  conduction. 

Comparison  icith  J.  J.  Thomson's  equation. — In  J,  J.  ThomsonV 
'ssi<m  for  specific  resistance  i?  =  <y  =  (27:,3 /K){qlmx)j  suppose,  to  fix 
(leas,  that  /5,  TT,  and  q  are  constant,  whereas,  w,  the  number  of 
•ules  splitting  up  per  unit  of  volume,  per  unit  of  time,  and  a?,  the 
lice  passed  over  by  the  partial  molecule  moving  at  a  mean  velocity 
ling  the  interval  of  freedom  f,  are  regarded  as  variable.  Clearly  a? 
ot  be  independent  of  m.  Taking  active  molecules  alone  into  con- 
ition,  supposing  them  to  be  symmetrically  distributed  and  to  move 
lei  to  each  other,  x  = '  y/l/mt.    Hence 

R=z(2r:i3q/K)x'/c. 

s  is  in  accord  with  the  above  data.  Eeduction  of  volume  dv/Vj 
irmally  by  incssure  diminishes  x  only.  Eeduction  of  volume 
stically,  by  cooling,  diminishes  both  x  and  c.  Hence  the  greater 
ution  of  2^  in  the  former  instance  (pressure).  Finally,  by  partial 
jutiution  under  the  given  conditions  dR/dm=^--{^r.i3qj'6Kfy/tJm\ 
this  it  may  be  conjectured  (conjectured  because  t  and  m  are  not 
indent  of  ea(;h  other)  that  the  effect  of  R  on  an  additional  num- 
iiioleciiles  splitting  up,  decreases  rapidly  with  the  total  number 
ttiiig  up;  i.  e.,  that  the  numeric  of  the  immediate  electricjal  effect 
iporature,  (^R'/R  —  dR/R,  is  smaller  for  the  metal  than  for  the 
)Iyte.  This  also  is  in  accord  with  the  above  data. 
Zero  of  resistance, — In  connection  with  these  results  it  is  well  to 
I  I)assiug,  tliat,  supposing  the  laws  to  hold  indefinitely,  the  zero 
stance  would  be  reached  only  after  compressing  mercury  with  a 
f;$.'5,000  atmospheres;  but  that  it  would  be  reached  considera- 
"ore  the  zero  of  volume. 

^Jlectrical  pressure  measurement. — It  follows,  furthermore,  from 
)  ve  urieasurements,  that  the  variation  of  the  resistance  of  mercury 
(ii(Mitly  marked,  and  bears  a  sufficiently  simple  relation  to  the 
icninbent  i)ressure,  to  suggest  the  use  of  this  principle  for 
e  measurement. 

»  J.  J.  Thoinaon:  AppHcation  of  dynamics,  etc.,  London,  Macmillan,  1888,  p.  299.     ^OOglC 
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63.  Measurement  of  melting  point  and  presHure. — Curiously  enough 
the  results  of  Lenz  (loc.  cit.)  for  mercury  are  much  larger  than  mine. 
Working  between  0  and  60  atmospheres,  and  upon  pure  mercury  filled 
into  a  piezometer  tube  by  Weiuhold's  vacuum  apparatus,  Lepz  found 
a  resistance  decrement  of  "02%  per  atmosphere  at  zero  degree  centi- 
grade. This  is  considerably  larger  than  my  result,  '003%  i>er  atmos- 
phere, at  180.  It  is  impossible  to  detect  the  cause  of  the  difference. 
Lenz's  work  was  done  in  a  way  which  from  the  description  accessible 
to  me  is  faultlessly  precise,  and  my  own  experiments  were  so  fre- 
quently repeated  that  I  can  not  believe  them  in  error.  Possibly  slight 
changes  of  composition  may  effect  a  large  difference  of  compressibility, 
and  my  mercury  was  not  quite  pure.  It  is  useless  to  speculate  on 
the  causes  of  difference  here.  They  are  now  of  secondary  interest. 
This  part  of  the  work  can  easily  be  perfected  in  any  measure.  The 
point  of  importance  at  present  follows  more  emi)hatically  from  Lenz's 
large  datum  than  from  my  smaller  result.  It  is  clear  that  in  the  usual 
course  of  my  work  I  may  anticipate  electrical  variations  of  re8istan<-e 
due  to  pressure  to  the  extinit  of  several  per  cent;  but  a  resistance  de- 
crement, dR/Ry  of  this  value,  whenever  methods  of  differential  com- 
parison are  available,  is  virtually  a  very  large  quantity,  capable  of 
being  followed  with  great  accuracy.  It  is  interesting  to  note,  moreover, 
that  the  numerical  value  of  dR/R  in  question  is  over  ten  times  as  large 
as  the  corresi)onding  volume  decrement,  dv/v,  and  that  the  elastic  or 
dimensional  discrepancy  is  even  in  most  unfavorable  cases  not  above 
10%  of  the  total  decrement. 

Hence  I  may  confidently  infer  that  the  method  sketched  in  the  pi1>s- 
ent  chai)ter  is  sufficiently  sensitive  to  throw  much  light  on  experi- 
mental questions  relative  to  the  continuity  of  the  solid  and  liquid 
states.  Prof.  J.  Willard  Gibbs  (loc.  cit.),  by  constructing  entropy  energy 
and  volume  in  the  direction  of  three  rectangular  axes,  has  devised  ex- 
ceedingly beautiful  geometric  methods  for  the  general  study  of  contin- 
uous changes  of  physical  state.  Prof.  Poynting'  has  discussed  the 
subject  with  especial  reference  to  the  transition  solid-liquid.  Among 
others  Amagat  (loc.  cit.)  is  searching  for  the  lower  critical  temperature^ 
Apart  from  these  suggestive  contributions,  our  knowledge  of  what  ac- 
tually takes  place  in  liquid  matter  is  meager  in  the  extreme.  Hence 
any  general  method  capable  of  elucidating  the  unknown  topography  of 
the  thermodynamic  surface  of  liquids  deserves  most  painstaking  scru- 
tiny. The  advantage  of  the  above  resistance  method  over  the  ordinary 
optic  and  other  similar  methods  lies  in  the  fact  that  in  the  above  case 
the  character  of  the  fusion  is  described  step  by  step.  This  is  a  much 
broader  criterion  than  a  merely  arbi-trary  fusion  test.* 

64.  Conclimon. — In  conclusion  I  may  advert  to  the  fact  that  a  study 
of  fusion  phenomena  in  the  manner  indicated  is  destined  to  throw  much 

»  Poynting:  PhU.  Mag.  (5).  vol.  12, 1881,  p.  32. 

*  Anuthcr  avaiLsble  metliwl  for  describing;  tlic  de;rree  of  fusion  is  given  by  the  volome  oh&nges  ftt 

the  melting  point.    Both  of  these  I  hope  at  an  early  date  to  apply.  C^  r^r^rvl/> 
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Khowin^  the  relations  between  corresponding  values  of  the  increments  of  specific  resistance, 
rostatic  pressure,  and  volume  compression  in  case  of  mercury  and  a  concentrated  solution  of 
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t  on  obscure  points  in  physical  chemistry.  The  molecular  mechan- 
throagh  which  energy  is  potentialized  during  fusion  can  not  on  the 
s  of  any  atomistic  theory  even  be  rationally  conjectured.  Ketarded 
lification,  supersaturation,  and  allied  phenomena  point  to  occur- 
es  at  the  melting  point  the  signification  of  which  is  much  under- 
nated.  Recent  minute  researches  into  the  nature  of  solution  should 
blind  us  to  the  fact  that  questions  which  apparently  lie  much 
er  home,  viz,  the  underlying  molecuhir  causes  of  change  of  phys- 
3tate  of  aggregation,  are  as  yet  unsatisfactorily  fathomed. 
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CHAPTER  III. 

THE  COMPRESSIBILITY  OF  WATER  ABOVE  ioo°  AND  ITS  SOLVENT 

ACTION  ON  QLASS. 

INTEODUOTION. 

66.  Behavior  of  water. — ^When  temperature  rises  the  compressibility 
of  water  continually  decreases  until  about  60^  is  reached.  After  this 
temperature  increasing  further,  the  compressibility  of  water  increases. 
It  was  my  original  purpose  to  supplement  these  results  by  determiniu:: 
the  compressibility  of  water  between  lOO^  and  310o,  but  I  did  not  gi-i 
higher  than  185o.  At  this  temperature,  and  obviously  much  below  it. 
water  attacks  ordinary  glass  so  rapidly  as  to  make  the  measurements 
in  glass  tubes  worthless. 

66.  Literature — Compressibility  of  water. — The  peculiar  behavior  in 
question  has  attracted  many  physicists.  Grassi^  was  the  first  to  fine 
'that  the  compressibility  (/5)  of  water  decreases  with  temperature,  bein: 
50/10^  at  Qo  and  44/10^  at  53o.  He  also  observed  the  compressibility  «'i 
solutions  to  be  less  than  thatof  water.  AmauryandDescamps*  substar. 
tiate  the  latter  result,  but  they  only  observe  at  a  single  temperatnrt'. 
150,  at  which  ^9  =  46/10*.  In  Cailletet's^  experiments,  extended  asf^ir 
as  700  atmospheres,  only  a  single  temperature  is  given  (/9  =  45/10*),  an<l 
the  same  is  true  of  Buchanan's*  results.  After  this  the  subject  wu* 
vigorously  attacked  by  Tait*  and  his  pupils,  at  first  particularly  witL 
reference  to  the  depression  of  the  temperature  of  maximum  density  •  i 
water^  produced  by  pressure.  In  further  experiments  Tait'  studi« 
the  thermal  relations  of  the  compressibility  of  water.  Further  resulr> 
are  due  to  Pagliani  and  Palazzo,^  working  with  mixtures  of  water  ami 
alcohol,  but  more  directly  to  Pagliani  and  Vicentini.'    The  li*st  (^ 

»  GraAai :  Ann.  de  ch. et  de  phys.  (3),  vol.  31, 1851,  p.  437.    Cf.  Wert-heina :  Ann.  ch. et  phys.  (S),tv1*, 
1848,  p.  434. 

•  Amaury  and  DeBcanipn :  C.  R.,  vol.  68, 1869,  p.  1564. 

•  Callletet:  C.  R.,  vol.  75, 1872,  p.  77. 

«  Buchanan :  Nature,  voL  17, 1878,  p.  439. 

»  Tait :  Proc.  Roy.  Soc.  Ed.,  vol.  11,  1881,  p.  204.    Marshall.  Smith,  and  Onaond :  n)id.,  vol.  U,  1S«2.  r? 
620, 809.    Tait :  Ibid.,  p.  813 ;  ibid.,  vol.  12, 1882-'83,  p.  226 ;  ibid.,  vol.  13, 1884-'85,  p.  2. 

•  The  probability  of  auch  an  occurrence  had  been  inferred  by  Puschl  and  by  Van  der  Waate  Lf 
Grimaldi,  loc.  cit. 

»  Tait :  Proc.  Roy.  Soc.  Edinb.,  vol.  12, 1882-83,  p.  45 ;  ibid.,  p.  223 ;  ibid.,  1883-'84,  p.  75i7. 

•  Pajjlianl  and  Palazzo:  Boibliitter,  vol.  8, 18«*,  p.  79.5. 

•  Pagliani  and  Viceutiiii :  Beiblatter,  vol.  8, 1884,  pp.  270, 71)4 ;  Journal  d.  Phy»r~<2>,  vol,  30, 18^,  p  IS" 
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servers  corroborate  Grassi's  work,  and  find  that  wat^.r  shows  a  mini- 
mum compressibility  at  €*3^,  Grimaldi*  critically  reviews  the  ma.vi- 
inum-density  experiments  of  Puschl,  of  Van  der  Waals,*  of  Marshall, 
Smith  and  Omond,  and  of  Tait.  Aniagat,'  applying  a  new  method  of 
jn^essure  measurement,  "{\  pistons  libres,"  operates  with  pressures  as 
high  as  3,000  atmospheres  and  at  temperatures  between  oo  and  500. 
He  show^s  that  the  peculiarities  of  the  behavior  of  water  vanish  at  high 
I)ressures  and  increavsing  temperatures  (interval,  0°  to  oO^),  corrobor- 
ating Grassi.  Tait,*  in  a  final  paper,  summarizes  much  of  his  work, 
and  begins  a  series  of  experiments  showing  that  the  effect  of  solution 
is  analogous  to  an  increase  of  internal  pressure. 

67.  Literature.  Solvent  action  of  water. — From  this  brief  summary  it 
ai)pears  that  results  anticipating  the  contents  of  the  present  paper  are 
not  at  hand.  There  is  another  class  of  experiments  relating  to  the  ex- 
pansion of  water  compressed  in  glass  tubes,  to  which  I  must  advert. 
The  experiments  of  Waterston*  are  probably  the  most  complete  and 
carried  as  far  as  300'=>,  although  for  very  high  temperatures  Daubr^e's** 
experiments  relative  to  the  action  of  water  on  hot  glass  are  to  be  cited. 

METHOD  OF  MEASUREMENT  AND  RESULTS. 

68.  Apparatus. — The  apparatus  use<l  in  the  present  work  is  the 
arrangement  already  described,  §  5  to  14.  Pressures  are  ap]>lied  by  aid 
of  Cailletet's  large  pump.  The  thread  of  water  is  inclosed  in  a  capil- 
lary tube  between  two  threads  of  mercury,  and  the  distance  apart  of 
the  two  inner  menisci,  measured  by  Grunow's  cathetometer.  The  tube, 
suitably  closed  above,  is  exposed  in  a  vapor  bath  (boiling  tube).  At 
185^  (aniline),  the  thread  of  water  soon  loses  its  transparency,  becom- 
ing whit>e  and  cloudy.  This  m^kes  the  observation  difficult.  Fortu- 
nately the  siliceous  water  is  translucent.  By  placing  a  very  bright 
screen  behind  it,  the  demarkation  between  water  and  mercury  remains 
sufficiently  sharp  for  measurement.  After  the  action  has  continued  for 
some  time,  say  an  hour,  the  column  is  solid  at  high  pressure  (300  atmos- 
pheres), though  it  is  probably  only  partially  so  at  20  atmospheres.  The 
result  is  that  threads  of  mercury  break  oif  during  advance  and  retro- 
gression of  the  column.  Further  measurement  is  therefore  not  feas- 
ible. Toward  the  close  of  the  experiment,  moreover,  the  mercury 
thread  advances  inclosed  by  w^alls  of  semisolid  siliceous  water.  The 
thread  is,  therefore,  of  smaller  diameter,  and  the  meiisurement  corre- 
spondingly inaccurate. 

In  obtaining  these  data  I  followed  the  customary  plan  of  increasinff 
pressure  from  zero  to  the  maximum,  then  decreasing  it  from  the  maxi- 

«  Gnmaldi :  Beibliitter.  vol.  10, 1886.  p.  338. 

•  Cf.  Van  der  Waals :  Bcihlatter,  vol.  1, 1877,  p.  511. 

•  Amagat:  C.  B.,  vol.  103, 1886,  p.  429;  ibid.,  vol.  104, 1887,  p.  1159;  ibid.,  vol.  105, 1887,  p.  1120. 
-•  Tait:  Challenger  Reports,  vol.  2,  part  4, 1888. 

»  Watorston;  Phil.  Mag..  (4)  vol.  26,  1863,  p.  116,  .Touni.  de  Pliy».  2  (2)  vol.  8.  1  '«9,  p.  lOT. 

•  paql^r6e:  IStude^  j»^iitli6t.  de  geologic  tJXi)6r.,  I'aris,  DuiumI  edit.  J879,  p,  15i  et  sc^.  CjOOQIc 
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mam  to  zero,  and  taking  the  mean  of  the  volnme  chan^^  correspond- 
ing to  a  given  pressure.  When  water  does  not  attack  glass,  the  fiducial 
mark  (pressure  zero)  at  the  beginning  of  the  series  is  regained  at  the 
end.    When  water  attacks  glass  there  is  considerable  shifting. 

Boiled  distilled  water  was  used,  and  the  glass  is  common  lead  glass. 

89.  Low  temperature  data, — ^In  Table  56  I  have  given  some  results  for 
low  temperature  compression  of  water.  The  data  are  not  very  sharp, 
owing  to  the  fact  that  I  did  not  succeed  in  sealing  the  thread  of  water 
with  its  end  threads  of  mercury  faultlessly.  I  think  I  detected  motion 
of  the  whole  system,  which,  however,  is  to  some  extent  eliminated  by 
the  method  of  experiment.  The  results  serve  a  purpose  in  introducing 
the  subsequent  high  temx>erature  experiments.  At  400  atmospheres  the 
tube  broke.  L  and  e  denote  the  length  of  the  column  of  water  and  its 
temperature,  vj  V  is  the  observed  amount  of  volume  reduction  p«r 
unit  of  volume,  due  to  the  burden  of  p.  Finally,  /5  =  {v/  Y){ljp)  denotes 
the  mean  compressibility  between  p=sO  and  the  pressure  corro8i>ond- 
ing.  In  view  of  the  irregularities,  it  did  not  seem  worth  wlule  to  com- 
pute compressibility  by  more  rigorous  methods,  and  the  last  column 
simply  gives  the  mean  value  of  ^, 

Tabtje  ^,^Compres9xbiliiy  of  water  at  l&w  temperatures. 


L,9 

P 

yXl(fi 

fxio» 

/8X10« 

Mean  /I  x  10* 
0  to  400  atm. 

810 

9»« 
640 

10-1'- 
lOOo 

atm, 

(       ^ 
100 
200 
800 
400 

(        0 
100 
200 
300 
400 

f  100 
200 
300 

^  *400 

0-0 
5.8 
9-5 
13-4 
15-6 

00 
4-3 
10-4 
16-2 
22-3 

00 

6-6 

11-1 

15-9 

20-0 

00 
5-2 
9-7 
12-3 
161 

ao 

4-2 
91 
12-6 
19-2 

00 
61 
11-9 
16-4 
19-2 

52 
48 
43 
40 

46 

42 
40 

57 

49 

63 
57 
54 
40 

56 

*  Tube  breaks. 

These  results  contain  a  mere  corroboration  of  the  work  of  earlier 
observers.  The  initial  compressibility  decreases  between  28°  and  64<^, 
after  whicli  it  increases  to  lOQo.    Cf.  §  12. 

70.  High  temperature  data, — In  the  next  table  (57)  the  first  exjieri- 
ments  proper  of  this  paper  are  described.  The  symbols  used  are  the 
same  as  those  in  §  4,  an  additional  datum,  the  time,  ^,  of  the  observa- 
tions having  been  added.  Tile  first  series  of  data  were  obtained  at  28°, 
and  are  similar  to  those  of  Table  56.  The  next  7  series  for  185^  are 
new.  Unfortunately  I  did  not  observe  when  ebullition  coinmenced,  so 
that  the  first  dates  are  not  available.    After  closing  the  experiment,  I 
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noticed  that  a  filament  of  the  upper  thread  of  mercury  had  run  down 
into  the  core  of  the  silicated  wat^r  below  it.  Tliis  means  that  the  ac- 
tion had  eroded  its  way  between  the  mercury  and  glass.  In  this 
respect  the  observations  are  uncertain. 

Table  57. — ComprembiUty  of  water  at  highsr  temperatures. 


ISUf* 


1850 
20-45'- 


185© 
20-10'^- 


atm. 

(       20| 

100 

200 

300 

400 


eo 

100 
200 
300 
400 


X10» 

pxio« 

0*0 

3-5 

44 

9-4 

52 

13-4 

48 

18-5 

49 

00 

0-7 

84 

14-4 

8U 

211 

75 

29-3 
O'A 

77 

*  Solid  nince  thre^ls  brvak  off  here.    Compreaiiibility  still  increaBinj^. 


71.  Discussion  of  these  results, — To  discuss  these  results  I  first  plotted 
fj/  r  as  a  function  of  p,  thus  obtaining  a  series  of  curves  of  somewhat 
irregular  contour,  the  character  of  which  is,  however,  obvious.  This 
will  be  more  accurately  observed  (PL  xxviii,  Fig.  2)  by  plotting  ^5  as  a 
fiinction  of  the  length  L  of  the  column,  since  the  time  data  are  imi)er- 
fect.  The  result  is  striking.  It  shows  a  mean  increment  of  /3  of  about " 
50/10*  jyev  centimeter  of  decrement  of  length  of  column.  Toward  the 
end  of  the  experiment  the  values  of  /9  increase  much  faster;  but  here 
they  are  uncertiiin  because  of  solidification.  The  total  observed  decre- 
ment of  L  is  therefore  (20-l-17-8)/20;l,  or  more  than  11%.  Since  the 
column  at  the  moment  when  ebullition  started  must  have  been  much 
longer,  it  follows  that  th^  combined  volume  of  pure  water  and  solid  glass 
shrinks  more  than  11%,  in  virtue  of  the  solution  of  glass  in  water  up 
to  the  point  of  solidification  at  18oo.  By  plotting  length  L  as  a  func- 
tion of  time  (PI.  XXVIII,  Fig.  1)  the  data,  though  incomplete,  show  that 
the  volume  contraction  took  place  at  the  rate  of  11  per  cent  per  40  min- 
utes; that  is  (say),  0*3%  per  minute.  The  column  therefore  soon  con- 
tracts to  a  smaller  length  than  the  original  cx)lumn  at  28o.  This  is  an 
enormously  rapid  rate;  for  were  it  i)0S8ible  for  such  action  to  be  indefi- 
nitely prolonged  the  column  would  be  quite  swallowed  "up  in  5  hours. 
Hence  it  appears  improbable  that  the  action  of  water  on  glass  will  b^ 
unaccompanied  by  heat  phenomena,    (See  below,  §  74.)  ^^  , 
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72.  High-feinperature  measurement  repeated. — From  the  irapi>rtaiK't 
of  these  results  I  resolved  to  repe^it  tlieiii  with  greater  pret'autioiis. 
Table  58  contains  the  results  given  on  the  plan  of  Tables  55  and  50. 
The  first  series  holds  for  24^;  the  remaining  9  series  tor  185^.  Time 
is  given  in  minutes^  date<l  from  the  period  when  ebullition  had  fairly 
commenced.  The  experiment  therefore  lasted  about  one  hour.  A  sub- 
sidiary table,  59,  contains  the  essential  results  (time,  temperature  o. 
volume  decrement  (f /F),  compressibility  p)  of  Table  58.  The  course 
of  the  experiment  was  very  satisfactory. 

Tablk  58. — Coinpresifibility  of  water. 


9,L,t 

P 

YX10« 

jSxjO« 

t 

■       tf.AI 

1                    1 

1 

240 
13-90- 

Attn. 
(      20 

•      ,! 

1 

Aim.   ' 

r     20  ,         0-0 

j 

J     100 
200 
300 

3-6 
7-9 
12-2 

45 

i                 IBO-" 

14-58'- 

40- 

1      100 

1    200 

[     300 

"  11-7 
24-9 
38-9 

i46  1 

138  1 

139  1 

^,o__      f        20  ^ 

00 

185° 

14-34™ 

45- 

f       20 
J      100 
1      200 
[     300 

00 
12-9 
29-3 
461 

*185o 

15-42^- 

18- 

J      100 
1      200 
[     300 

6-2 
14-2 
21-0 

77 
79 
75 

161 
163 
165 

185° 

1517*- 

25- 

r     20  1         0-0 

185° 

1403™ 

50- 

r     20  1         00 

1      100 
1      200 
[     300 

7-6 
17-7 
27-8 

95 
98 
99 

J    100 
1    200 

[     300 

14-7 
32-8 
520 

184 
182 
186 

185° 

15-01'- 

30- 

r    20 

J      100 
200 
300 

00 

8-7 

20-6 

31-9 

1 
-o-„      (       20 

0-0 
18-3 
39-4 
60-5 

109 
114 
114 

185° 

13-75« 

65- 

J      100 

200 

(     300 

1 

1 

1 

1 

185° 

U-80<- 

85- 

f       20 
100 
200 
300 

0-0 

185° 

13-56'- 

C0- 

C  TlirCA'^A  limlrfk-n  nflT-  niAAa.  1 

9-8 
22-9 
35-0 

123 
127 
125 

<     uren 
(     ceou 

icnt  oncer 
s  wnt«r,  80 

tain;  aUi- 
Ud. 

*  Commenoed  boiling  at  0-,  say. 

Table  59. — Contraction  and  compressibility  of  silicated  water, 

24P  and  20  atmospheres. 


Referred  to  water  at 


$ 

-^xio» 

^X10« 

Time. 

24<> 

185° 

db     0 
+103 

44 

77 

18- 

185° 

+  86 

97 

25- 

1H50 

H-  75 

112 

30- 

1H50 

+  60 

125 

35- 

IK'P 

4-  44 

141 

40- 

185'^ 

+  27 

163 

45- 

185° 

+  07 

184 

50- 

1850 

—  15 

221 

55- 

185° 

—  29 

60- 

73.  Discnsftion  of  these  results. — The  discussion  of  this  table  can  \^ 
made  on  the  lines  followed  in  case  of  the  other  (§  71).  Kote  at  tb«* 
outset  that  after  b^'""  have  elapsed  since  exposuie  to  185°  the  tuibid 
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colmnn  is  not  so  long  as  the  origiiml  cold  cletir  column  at  24°.  The 
hot  compressibility  after  5i>^  has  increased  to  five  times  the  cold 
compressibility  and  more  than  three  timers  the  original  hot  compressi- 
bility. Some  allowance  must,  however,  be  made  for  the  finer  advancing 
thread  of  mercury,  as  explained  in  §  68.  If  v/  V  be  plotted  as  a  function 
of  i>,  a  series  of  curves  is  obtained  as  shown  in  PI.  xxix,  Fig.  1.  Con- 
sidering the  difficulties  of  measurement,  they  are  satisfactorily  regular. 
Temperature  and  time  have  been  inscribed  on  each  curve.  As  usual, 
compressibility  decreases  with  pressure.  In  Table  59  (v/  V)  is  really 
the  ratio  of  increment  of  length  to  the  original  length  at  24^,  due  to 
thermal  expansion  with  concomitant  chemical  action.  It  is  not  the 
ratio  of  volumes  of  solution,  because  the  radius  of  the  tube  widens  in 
proportion  as  solution  proceeds.  Nevertheless,  the  datum  suffices  for 
tlie  present  puri)oses.  Let  /9  be  represented  in  its  dependence  on 
(17/  F).  The  plotted  curve  is  a  line  of  remarkable  regularity,  as  showu 
in  PL  XXIX,  Ftg.  2.  It  follows  from  the  chart  that  ^  increases  11/10" 
for  each  per  cent  of  volume  decrease  of  water  undergoing  silicification. 
This  is  about  75/10®  per  centimeter  of  decrement  of  length,  thus  agree- 
ing substantially  with  the  former  results.  Again  u/F  decreases  13% 
for  the  interval  of  observation  of  42  minutes;  that  is,  say,  18%  during 
the  whole  hour  of  exposure,  or  0'3%  per  minute,  again  agreeing  with 
the  above  result  §  71.    See  PL  xxix,  Fig.  3. 

The  regularity  of  the  present  results  enables  me  to  draw  a  ftirther 
inference.  Suppose  the  line  for  /9,  u/F  to  be  prolonged  as  far  as 
-r  /  F=  150/10',  which  holds^  for  time  =  0.  Since  in  this  case  the  water 
is  pure,  the  datum  for  /?  is  the  normal  compressibility  of  water  at  185o. 
Making  the  prolongation  (see  PL  xxix,  Fig.  3),  I  find  /5  =  30/10«  nearly. 
This  is,  of  course,  too  smaU  a  result,  and  shows  that  the  time  at 
which  chemical  action  began  is  not  well  indicated.  But  since  y5i85  can 
not  be  greater  than  70/10<^,  the  compressibility  of  water  above  100^  con- 
tinues to  increase  at  an  exceptionally  slow  rate,  about  one-fourth  as 
slow  as  paraffin,  for  instance  (PL  xxix,  Fig.  4).  This  indicates  excep- 
tional stability  of  the  water  molecule. 

74.  Canclimon. — Now  what  is  the  underlying  cause  of  this  action! 
Clearly,  I  think,  an  instability  of  the  glass  molecules  at  185°,  much 
rather  than  any  instability  of  the  water  molecule.  This  is  in  accord- . 
ance  with  the  evidence  I  obtained  from  the  study  of  the  electrolytic 
conduction  of  stressed  glass,^  and  corresponds  also  to  the  viscosity  of 
glass  at  the  stated  temperature.  At  185°  the  cohesive  affinities  of  the 
water  are  sufficient  to  disintegrate  the  glass  molecule. 

The  increase  of  ;5  with  time  must  be  due  to  solution  of  silicate.  In- 
deed it  would  be  difficult  to  devise  an  experiment  in  which  the  effect 
of  continued  solution  can  be  so  well  discerned  as  is  possible  in  the 
present  incidental  results.  Curiously  enough  the  effect  of  solution  is 
here  an  increment  of  compressibility,  whereas  in  most  other  cases  (cf. 


1  Baiufl:  Am.  Jouro.  Sci.,  vol.  37, 1899,  p.  350, 
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literature,  §  66)  it  is  a  decrement  of  compressibility.  I  leave  this  with- 
out comment,  believing,  however,  that  the  silicate  is  in  unstable  eqm- 
librium  with  its  water  when  pressure  is  small,  and  that  the  compressi- 
bilities measured  are  solution  eflTects.  The  possible  occurrence  of  lair 
here  (though  I  did  not  search  for  it)  is  obscured  by  the  contraction  of 
the  silicated  column  of  water.  At  all  events,  we  have  here  a  case  of 
solidification  by  pressure  from  solution,  analogous  to  solidification  by 
pressure  from  fusion. 

Finally,  I  may  advert  to  the  far-reaching  geological  importance  of 
these  results.  In  so  far  as  the  solvent  action  of  hot  water  is  accom- 
panied by  a  contraction  of  the  original  bulk  of  silicate  and  water,  it  i> 
presumably  accompanied  by  the  evolution  of  heat.  Hence,  if  water  at  a 
temperature  above  200°  and  under  a  pressure  sufficient  to  ket^p  it  hquid 
be  so  circumstanced  that  the  heat  produced  can  not  easily  escape,  tk 
arrangement  in  question  is  virtually  a  furnace;  and  since  such  condi 
tions  are  necessarily  met  with  in  the  upper  layers  of  the  earth's  cmst, 
it  follows  that  the  observed  thermal  gradient  (i.  e.,  the  increase  of  tem 
perature  in  depth  below  the  earth's  surface)  will  be  st€ei>er  than  i 
gradient  which  would  result  purely  from  the  normal  distribution  of 
terrestrial  heat.  In  other  words,  the  observed  rate  of  increase  of  tem* 
perature  with  depth  is  too  large,  since  it  contains  the  eflFects  of  a 
chemical  phenomenon  superimposed  on  the  pure  phenomenon  of  heat 
conduction* 
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OHAPTBE   IV. 
THE  SOLUTION  OF  VULCANIZED  INDIA  RUBBER. 

75.  In  my  work^  ou  the  solubility  of  glass  in  water^  chapter  m,  I 
showed  that  in  proportion  as  the  state  of  dissociation,  or  the  molecular 
instability  of  glass  is  increased  with  rise  of  temperature,  the  solvent 
action  of  water  also  increases  at  an  enormously  rapid  rate;  that  inas- 
much as  the  solution  takes  place  between  a  solid  and  a  liquid,  sufficient 
pressure  must  be  applied  to  keep  the  fluid  in  the  liquid  state  whenever  . 
the  vapor  tension  at  the  temperature  in  question  exceeds  the  atmos- 
pheric pressure.  Thus,  at  lOO^  C.  the  action  of  liquid  water  on  glass  is 
nearly  negligible,  whereas  at  180°  solution  occurs  at  so  rapid  a  rate 
that  the  capillary  tubes  may  become  filled  with  solid  hydrated  silicate 
in  place  of  water  in  an  hour.  Here,  however,  at  least  10  atmospheres 
must  be  applied  to  keep  the  water  in  the  liquid  state  essential  to 
speedy  reaction. 

76.  The  present  application. — Having  attempted  to  apply  the  same 
principle  to  the  actual  solution  of  vulcanized  India  rubber  I  obtained 
confirmatory  results  at  once.  To  my  knowledge  this  material  has  not 
heretofore  been  thoroughly  dissolved  in  a  volatile  reagent,  or*  in  any 
reagent  by  which  it  is  speedily  and  copiously  taken  into  solution,  and 
from  which  it  may  be  speedily  and  easily  obtained.  It  follows  by 
analogy  from  §  75  that  the  rubber  must  be  heated  hot  enough  to  be  in 
a  state  of  dissociation,  i.  e.,  that  the  coherence  of  the  solid  rubber-sul- 
phur molecule  must  show  an  instability  in  relation  to  whatever  solvent 
may  be  used.  It  follows,  moreover,  that  to  facilitate  reaction  the  system 
of  rubber  and  solvent  is  to  be  kept  under  a  pressure  sufficient  to  in- 
sui*e  the  liquid  state  of  the  solvent.  It  follows  obviously  that  this 
temi)eratttre  must  not  be  so  high,  caet.  par.,  as  to  change  the  useful 
character  of  the  rubber  deposited  from  solution.  Hence  I  act  on  vul- 
canized India  rubber  at  the  lowest  convenient  temperature  fa(iilitating 
the  solvent  action,  and  at  a  pressure  necessarily  exceeding  the  vapor 
tension  of  the  solvent  at  the  given  temperature.  Whatever  other  favor- 
able action  pressure  may  exert,  such,  for  instance,  as  forcing  the  fluid 
into  the  physical  pores  of  the  rubber  by  a  principle  akin  to  Henry's 

1  Am.  Jour.  Scf .,  vol  38,  1889,  p.  408.  Tbe  paper  wu  published  in  full  is  the  February  number  of  tfa» 
Am.  Jour  Sd.,  1891. 
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law,  is  clear  gain.  In  my  machine^  it  is  rather  more  convenient  to  act 
under  100  or  200  atmospheres  than  at  lower  pressures/  Hence  I  did 
not  scruple  to  use  pressures  as  large  as  this. 

77.  Solution  in  eurhon  di^uJphide^ — I  will  state  here  that  the  samples 
of  vulcanized  rubber  acted  on  were  five  in  number  and  of  the  character 
detailed  as  follows.  By  elastic  I  mean  8tret<*hable  or  extensible,  with 
resumption  of  the  original  form  when  the  pull  ceases : 

{a)  Very  elastic  sheet  rubber,  usually  non-pigmented  aud  translucent 
in  thin  films,  brownish  in  color.  Used  for  rubber  bands,  for  bellows, 
for  chemical  rubber  tubing,  etc. 

(&)  Less  elastic  and  liarder  rubber,  pigmented  gray,  opaque.  Largely 
used  for  rubber  tubing,  sheeting,  etc. 

(c)  Non-elastic  pigmented  rubber,  used  for  low-class  rubber  tubing 
and  low-class  merchandise  in  general. 

(d)  Ebonite. 

(e)  Same  as  a,  rotted  by  age  and  exposure. 

•  Prom  experiments  made  at  l(K)o  and  160^  C,  it  appears  that  elastic 
sheet  rubber  (a)  is  not  fully  soluble  in  liquid  carbon  disulphide  in  a 
reasonable  time,  if  at  all.  It  is  quite  soluble  at  185°  and  soluble  to  a 
remarkable  degree  and  at  a  remarkably  rapid  rate  at  210^.  Hence  the 
pressure  under  which  solution  takes  place  is  here  necessarily  greater 
than  15  atmospheres,  and  need  never  exceed  30  or  40  atmospheres. 
Inasmuch  as  carbon  disulphide  thus  unites  with  rubber  in  any  projwr- 
tions  clear  brown  solutions  of  any  degi^ee  of  viscosity  may  be  obtained. 
On  diluting  such  solutions  with  cold  CS/  the  solvent  is  at  first  greedily 
absorbed,  but  the  final  complete  dilute  solution  (without  agitation) 
takes  place  very  slowly.  Hence  it  is  well  to  complete  the  process  tor 
any  desirable  degree  of  solution  at  the  high  temperature.  Finally,  by 
exposing  any  of  the  solutions  to  air  the  cjirbon  disulphide  evaporates 
and  the  dissolved  vulcanized  India  rubber  is  regained  without  sacri- 
fice of  its  original  non-viscid  quality  so  far  as  I  can  judge  from  labora- 
tory experiments.  Similarly  fissured  sheet  rubber  (e)  which  has  be- 
come useless  for  practical  purposes  by  age,  is  quite  as  soluble  in  CSi 
at  200^,  so  far  at  least  as  the  undecomposed  parts  are  concerned. 
Again,  elastic  gray  rubber  (h)  dissolves  completely  to  a  gray  liquid 
in  which  the  pigment  is  suspended.  The  concentrated  solution  hard- 
ens at  once  on  exposure  to  air,  to  a  rubber  of  nearly  the  original 
qualities  (ft).    In  treating  rubbers  of  this  class  a  difficulty  is  sometimes 

'SeeProe.  Am.  Arademy,  vol.  25,  1890,  p.  93,  or  Phil.  Mag.,  Octol>cr,  1890,  p.  338.  My  method  of 
work  was  simple:  Olaas  tubes  10»  or  15^  long  and  'S**"  or  '4'**  in  diameter,  closed  at  one  end  and 
drawn  out  to  a  capillary  canal  with  two  or  three  enlargements  at  the  othor,  were  filled  with  achan;** 
of  vulcanized  rubber  and  solvent,  and  then  intro<liiced  into  the  steel  piezometer  tnbe.  I  made  ase  of 
the  temperatures  of  boiling  turpentine  (1(H)<^),  napthalino  {'iHP)y  anliue  (i85o,),  and  diphenylamine(310°>. 
To  separate  the  clinrgft  from  the  oil  of  the  piezometer  which  transmits  pressure,  I  first  employed  a 
thread  of  mercury  inserted- into  the  cafjillary  eannJ.  Finding,  however,  ^  91,  that  the  metal  acted  on 
the  charge  I  replaced  it  with  much  advantage  by  a  thread  of  water.  Cliarges  were  uaaally  introdnred 
In  the  ratio  of  one  part,  by  volume,  rubber  to  three  or  more  of  solvent^  unless  more  concentrated  solu- 
tions wore  desired.  About  1«  to  2»  were  obtained  per  heating.  I  made  considerably  over  150  czperi- 
meats,  most  of  them  at  200^  and  100  atmospheres  to  200  atmosphere*.  Digitized  by  CiiOOQIC 
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encountered  in  consequence  of  their  action  on  the  hot  CS2.  Gas  is 
often  evolved,  and  I  was  therefore  at  first  inclined  to  attribute  this 
eifect  to  the  pigments.  For  exami)le,  at  200o  such  a  reaction  as 
CS2  +  2ZiiO  =  2ZnS  +  C02  might  be  surmised,  but  I  shall  disprove 
this  in  §§  89, 93  by  direct  tests.  Samples  of  gray  non-elastic  rubber  (c) 
can  be  partially  devulcanized  and  softened  in  OSj  at  200°.  They  do 
not  easily  dissolve,  however.  Gas  is  often  evolved.  Little  advantage 
is  gained  by  treating  with  CS2  at  300o,  in  which  case  nnich  of  the  rub- 
ber is  converted  into  a  granular  state,  probably  due  to  decomposition. 
Commercial  ebonite  {d)  at  200^  is  at  first  pjirtially  devulcanized,  and 
eventually  dissolves  in  excess  of  the  solvent.  The  partially  devulcan- 
ized ebonite  is  elastic  on  drying,  but  finally  hardens  ftirther  to  a  tough 
solid  having  a  leathery  quality.  The  solution  leaves  a  glossy  black 
stain  with  much  sulphur  apparent  after  evaporating.  Gases  are  usu- 
ally evolved.  As  a  whole,  my  exi)eriments  show  that  excess  of  sulphur 
is  first  removed  by  th'e  solvent,  after  which  the  vulcanized  rubber 
itself  passes  into  solution.    Of.  §  89,  where  similar  experiments  are  given. 

78.  Solution  in  liquids  of  the  paraffin  series. — Both  the  fresh  (a)  and 
the  rotten  {e)  elastic  sheet  rubber  dissolve  easily  in  liquid  mineral  oils 
at  2000.  The  pressure  necessary  will  of  course  vary  with  the  boiling 
point  of  the  oil  used.  It  may  be  as  high  as  50  atmospheres  in  some  of 
the  very  volatile  gasolines.  Commercial  gasoline  is  a  good  solvent  of 
the  elastic  rubbers  (a  alid  e).  The  most  concentrated  solutions,  how- 
ever, appear  to  be  less  thick  than  in  §  77.  On  exposure  to  air  gasoline 
evaporates,  leaving  a  residue  which  gradually  hardens.  The  gray 
rubbers  {b  and  c)  dissolve  with  less  facility.     • 

Petroleum*  dissolvesthe  rubbers  a  and  e  very  easily.  The  solutions, 
however,  only  harden  after  much  time,  and  probably  only  in  thin  films. 

79.  Solution  in  turpentine. — In  case  of  a,  complete  solution  is  at 
once  effected  at  200o,  forming  a  viscid  sirup-like  liquid.  It  seems  to 
dry  in  thin  films,  after  long  exposure,  thus  possibly  indicating  a  differ- 
ence in  the  product  obtained  by  dissolving  rubber  suddenly,  out  of 
contact  with  air,  and  by  dissolving  it  more  or  less  in  contact  with  air 
by  long-continued  digestion.  The  latter  mixtures  are  permanently 
sticky.  Si>ecial  exiieriments  made  at  I6O0  C.  showed  that  no  reason- 
aTjly  speedy  solution  takes  place  in  liquid  turpentine,  thus  corroborat- 
ing the  inferences  and  exi)eriments  of  §§  76-77.  Gray  rubber  is  acted 
on  with  greater  difficulty.  The  solution  leaves  a  white  glossy  stain, 
which  hardens.    Pressure  need  not  exceed  5  atmospheres. 

80.  Solution  in  chloroform  and  carbon  tetrachloride. — Elastic  sheet 
rubber  (a)  dissolves  at  once  in  the  liquid  chloroform  at  200°.    Pressure 

•  Looking  up  tlu*  literature  of  the  subject,  I  fouud  that  John  J.  Montgomery,  of  Frnitland,  CalifomiR 
(cf.  Letter*!  Patent  No.  308,189,  November,  1884,  United  States  Patent  Office),  describes  a  process  for 
the  solution  of  vulciuiizod  rubber.  His  statements  of  the  temperature  and  pressure  necessary  are  sub- 
stantially correct,  and  he  makes  use  of  a  petrolenm  oil  boiling  at  about  200°  C.  The  oil  is  subse- 
qncntly  driven  off  by  ii^ections  of  st^am.  This  is  the  nearet^t  approach  to  a  case  of  an  available 
solution  <a  solution  which  does  not  remain  permanently  sticky)  which  I  have  found.  Ij^will  be  seen 
that  the  essential  peculiarity  of  the  above  methods  is  the  solution  in  volatile  solvents.  CjOOQ  IC 
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must  exceed  15  atmospheres  and  need  never  be  larger  than  25  or  3(> 
atmospheres.  Solutions  of  any  degree  of  viscosity  seem  to  be  obtain 
able.  They  dry  at  once  on  exposure  to  air,  leaving  a  hard  residue. 
Eubber  dissolved  in  this  way  turns  darker  in  color,  and  the  elasticity 
is  in  part  sacrificed,  so  far  as  I  can  judge.*  Gray  rubber  is  attacke!i 
-with  decomposition  of  the  solvent  and  evolution  of  gas.  Althoup 
at  200O  a  simple  reaction  like  3ZnO  +  2CHCl3  =  3ZnCl,+  H,0+i*<:<J 
might  be  suspected,  I  believe  the  gas  to  be  obtained  in  tiie  way  ^i 
forth  in  §  89. 

SI.  Solution  in  aniline. — Solution  in  the  liquid  at  200^  takes  pla<*e  at 
once  in  case  of  rubbers  like  a.  Pressure  need  not  exceed  a  few  atmc»^ 
pheres.    .Thin  films,  apparently  dry  after  long  exposure. 

82.  Sohition  in  animal  oils. — Neither  in  the  case  of  sperm  oil  or  of 
lard  oil  at  200°  was  the  sample  (a)  dissolved  on  removing:  from  th. 
press.  Bbth,  however,  disintegrated  on  standing  to  a  quasi-^lutica 
often  with  slow  evolution  of  ga«. 

83.  Treatment  tcith  glycerine. — ^At  300^  no  solution  occurs.  Gljc-oLi 
aleohols  were  not  examined.    Of.  §  86. 

84.  Solution  in  benzol  and  higher  aromatic  hydrocarbons. — ^The  elasti 
sheet  rubber  (a)  dissolves  at  once  in  the  liquid  at  200^.  Pressure  mii.''' 
exceed  7  atmospheres,  but  need  never  be  higher  than  30  atmospheres. 
The  solution  exposed  to  air  hardens  at  once.  Solution  of  gray  rubb»i 
is  more  difficult.  • 

Solution  of  elastic  rubber  (a)  in  toluol  at  200°  takes  place  with  great 
ease.  The  liquid  dries  slowly.  Pressures  of  less  than  10  atmospheitf^ 
suffice. 

86.  Solution  in  ethylic  and  higher  ethers. — Elastic  sheet  rubber  is 
dissolves  at  once  in  ethylic  ether  at  200^.  Pressure  must  exceed  -' 
atmospheres,  but  need  not  be  greater  than  40  or  50  atmospheres.  Tl.c 
solution  hardens  immediately  on  exposure  to  air.  Gray  rubber  is  at- 
tacked with  difficulty. 

88.  Treatment  icith  alcohols. — At  200°  india  rubber  (a)  is  not  dis- 
solved in  methyl  or  ethyl  alcohol,  and  only  slightly  so  in  amy!  aIex)hcA 
In  the  latter  case  the  sample  shows  some  change,  toward  a  pasty  con 
sistency. 

87.  Treatment  with  ketones. — ^India  rubber  (a)  treated  with  acetone  a" 
200°  is  converted  into  a  sticky  paste,  from  which  it  hardens  at  od«t: 
on  exposui-e  to  air.  Pressure  must  exceed  15  atmospheres,  but  n^t! 
not  be  greater  than  30  or  40  atmospheres. 

88.  Treatment  with  water  and  mineral  acids. — In  no  case  was  there  a 
trace  of  true  solution  at  200o,  Pressure  must  exceed  7  atmosphere 
but  need  not  be  greater  than  15  atmospheres.  Water  probably  enter> 
the  physical  pores  of  the  rubber  (a);  at  least  this  substance  becom^^ 
superficially  rough  and  warty  on  drying  at  200^  in  steam  after  belt? 
treated  with  water  at  200°.    It  does  not  melt  (§  92).    Strong  hj 

I  Such  an  effect  would  be  produced,  for  instance,  by  the  pKsenoe  of  sulphnr  in  the  ohlocoliBm 
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drochloric  acid  has  no  obvious  effect,  while  strong  sulpliuric  acid 
(diluted  with  twice  its  bulk  of  water)  seems  only  to  char  the  rubber. 
Treating  the  gray  rubber  {b)  with  HCl,  I  found  its  sohibility  in  OS^, 
CfH«,  and  gasolene  to  have  decreased.  The  quality  of  the  rubber  has 
therefore  been  injured,  so  liar  as  its  solubility  is  concerned. 

89.  Treatment  for  vulcanization, — Liquid  ebonite, — Ammonium  poly- 
solphide  acting  on  elastic  gray  rubber  much  above  200o  converts  it 
externally  into  a  chocolate-like  friable  skin,  covering  a  musky  gray 
core.  This  disintegrates  in  GS^  to  a  brown  solution  and  a  gray  gran- 
ular precipitate.  The  solution  hardened  on  exposure  to  air,  to  decom- 
posed rubber. 

Ammonium  polysulphide  at  185o  or  200o  does  not  change  the  appear- 
ance of  the  same  rubber  markedly;  but  the  sample  has  lost  its  elasticity 
and  shows  a  semiplastic  leathery  consistency.  This  I  believe  to  be  due 
to  further  vulcanization  induced  by  the  polysulphide.  If  now  thiis  sam- 
ple be  treated  with  liquid  CS^  at  200o,  the  solvent  is  decomi)osed  with 
evolution  of  much  gas  and  the  rubber  restored  to  its  original  elastic  qual- 
ity. It  is  interesting  to  note  that  gas  is  liberated  throughout  the  mass 
of  rubber,  so  that  the  sample  when  taken  out  of  the  tube  has  the  form 
of  an  enormously  inflated  cellular  sack,  which  issues  from  the  glass  tube 
explosively,  but  soon  collapses  on  exposure  to  air.  As  a  whole  the 
present  results  agree  with  the  behavior  found  for  ebcmite  in  §  77.  In 
both  cases  it  is  possible  to  pass  from  the  more  vulcanized  india  rub- 
bers to  a  less  vulcanized  product. 

It  will  be  shown  below  that  the  gas  evolved  is  due  to  double  decom- 
position of  water  and  CSj  (§  93). 

More  interesting  is  the  direct  vulcanization  of  rubber  solution  to 
liquid  ebonite  by  aid  of  a  sulphur  solution.  In  case  of  elastic  rubber  (a) 
this  begins  at  160^,  but  is  more  complete  at  185o  and  200o.  In  case  of 
pure  nonvulcanized  rubber  dissolved  in  CSj  scarcely  any  change  in  flesh- 
color  is  observed  at  160^  and  the  sulphur  crystallizes  out  in  needles  on^ 
exposure.  At  185°  and  200^,  however,  the  charge  turns  black,  show- 
ing complete  vulcanization.  If  equal  parts  of  vulcanized  rubber  {a) 
and  sulphur  be  acted  on,  the  product  after  heating  to  200o  is  not  dis- 
solved nor  soluble  until  the  excess  of  sulphur  is  removed  by  washing 
{^  77,  89).  Gas  is  often  evolved  (§§  91,  93).  In  proportion  as  less  sul- 
phur relatively  to  the  rubber  is  used,  the  prmluct  becomes  more  soluble 
and  less  gas  is  evolved.  By  adding  about  20  or  25  %  of  dissolved  sul- 
phur to  the  vulcanized  rubber  (a)  I  obtained  serviceable  solutions  of 
ebonite  on  treating  at  200°  either  in  CS2  alone  or  in  mixtures  (§  90)  of 
this  with  gasoline  or  benzol,  etc.  In  most  cases  these  harden  very 
quickly  to  a  jet-black  enamel.  With  less  sulphur  the  color  is  brown  in 
thin  films. 

90.  Solution  in  mixtures  of  solvents^  and  solution  of  mixed  gums, — By 
acting  on  vulcanized  rubber  with  mixed  solvents  of  the  above  kind,  I 
obtained  equally  satisfactory  results.     All  the  rubbers  mentioned 
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(a  to  <?),  ebonite  excepted,  pass  into  true  solutions  by  aid  of  such  treat- 
ment. Thus  the  gray  ehistic  rubber  (b)  dissolves  at  onee  in  a  mixture 
of  CS2  and  gasoline;  and  the  gray  nonelastie  rubber  (c)  dissolves  with 
like  ease  in  mixtures  of  CS2  with  gasoline,  or  with  benzol,  or  with  etlier, 
etc.;  or  of  benzol  and  toluol;  or,  less  easily,  in  mixtures  of  gasoline 
and  benzol.  Ebonite  is  partially  devulcanized,  and  would  probably  Ire 
dissolved  in  large  excess  of  solvent.  No  gas  was  evolved  in  any  case, 
and  this  constituted  an  advantage  of  this  method,  §  93.  In  all  eases 
the  solution  hardens  at  once  on  exposure  to  air,  yielding  the  rubber 
if  the  solution  be  shaken,  or  a  purer  residue  if  the  sediment  be  removed 
by  subsidence  and  deeantation. 

Equally  feasible  is  the  solution  of  mixed  gums,  at  200^.  Thus  I 
ma<le  liquid  mixtures  of  vulcanized  rubber  and  gutta-percha  in  08j, 
which  hardended  at  once  on  exposure  to  air;  liquid  mixtures  of  rubber  1 
and  shellac  dissolved  in  CS2,  hardening  more  slowly;  liquid  mixtures  of  | 
vulcanized  rubber  and  rosin  in  CS2,  and  in  gasoline,  which  dried  only  ' 
in  thin  films  after  much  time,  etc. 

91.  JHreet  devulcanization, — ^When  by  aid  of  any  of  the  above  methods 
a  true  solution  of  vulcanized  rubber  is  obtainable,  direct  deNiilcaniza- 
tion  may  be  attempted  by  mixing  the  charge  with  some  sulphur  ab-        [ 
sorbent.    Preferably  such  material  should  be  chosen,  which  at  200°        1 
reacts  neither  on  the  rubber  nor  the  solvent.     Metallic  filings  do  not        [ 
appear  to  be  available  at  high  temperature.    Treating  ebonite  with 
CS2,  gasoline,  or  benzol  to  which  copper  filings  had  been  added,  I 
found  the  charge  after  exposing  to  2()0o  to  be  disintegrated,  while  an 
enormous  amount  of  gas  was  evolved.    Scarcely  any  solvent  remained 

in  the  liquid  tube.  From  direct  experiments  made  on  copper  and  on 
sulphur  in  carbon  disulphide  at  200°,  I  inferred  that  these  reactions 
are  insufficient  to  account  for  the  gas  evolved,  although  copper  is  super- 
ficially coated  with  sulphide.  The  gas  must,  therefore,  be  produced 
either  at  the  expense  of  the  rubber  or  of  the  reagent  in  presence  of 
ebonite,  and  since  all  the  solvents  used  behave  alike,  probably  out  of  the 
rubber.  Steel  is  scarcely  attacked*.  I  mention  this,  since  the  identifi- 
cation of  the  gas  may  throw  some  clew  on  the  chemical  character  of  the 
rubber.  Decomposition  frequently  sets  in  on  exposure  of  a  highly 
vulcanized  solution  at  ordinary  room  temperatures,  whereas  at  0^  and 
under  slight  pressui^es  (1  or  2  atmospheres)  the  gas  remains  in  com- 
bination. 

92.  Fusion  of  impregnated  rubber. — If  vulcanized  India  rubber  be 
impregnated  or  saturated  by  digesting  it  with  the  cold  reagent  or  sol- 
vent for  a  suitable  time  (a  few  minutes  to  many  hours),  the  swollen 
mass  not  only  shows  a  relatively  low  melting  point,  but  it  remains 
liquid  after  cooling,  provided,  of  course,  the  solvent  is  not  allowed  to 


'  Fortnnately,  ther<»fort',  Bt<M'l  apparatus  is  available.  An  interesting  question  orcurs  here,  as  to 
what  iM^comos  of  the  carbon  In  the  case  whore  mercury,  sodium,  copper,  etc.  are  attacked  by  hot  CSt 
under  pressure^  and  not  by  cold  CSj. 
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escape.  This  is  an  observation  of  practical  importance,  since  the  retorts 
can  thus  be  charged  with  solid  or  dry  rubber,  a  minimum  of  solvent  be 
sacrificed  in  treating,  or  by  evaporation,  and  concentrated  solutions  be 
obtained  often  fit  to  be  worked  at  once.  Tlie  rubber  so  melted  hardens 
on  exposure  to  its  original  quality.  Finally,  the  pressure  necessary  in 
this  place  is  the  smallest  possible,  and  may  be  even  below  the  data 
above  given  for  the  divers  solvents. 

Experiments  may  be  cited  as  follows:  Nonimpregnated  vulcanized 
rubbers  (samples  a  to  e)  do  not  melt  if  exposed  in  a  closed  tube  to  210o. 
Only  in  a  case  of  very  sligfitly  vulcanized  pure  rubber  gum  is  there  a 
trace  of  fusion  perceptible  at  the  edges,  and  here  it  may  even  be  due  to  a 
stain  of  dirt  (oil)  accidentally  deposited  there.  Gray  rubber  with  a 
superficial  film  of  exuded  sulphur  turns  black,  due  to  the  formation  of  a 
film  of  ebonite. 

All  the  samples  of  rubber  (a  to  e)  fuse  at  21  ()o  when  previously  sat- 
urated, or  nearly  so,  with  cold  carbon  disulphide  and  exposed  in  a 
close-fitting  closed  glass  tube.  If  the  pressure  be  lowered  by  a  capillary 
hole  at  one  end  of  the  closed  glass  tube,  or  if  the  tube  be  only  partially 
filled  and  the  empty  end  kept  cool,  tbe  solvent  is  merely  distilled  off, 
and  no  fusion  takes  pla<;e.  Whereas  at  IGO^  fusion  scarcely  occurs, 
melting  seems  to  be  complete  at  ITo^.  There  is,  therefore,  an  approxi- 
mate coincidence  of  temperature  in  the  present  and  in  the  above  para- 
graphs. Similar  results  are  obtained  with  benzol,  with  gasoline,  and 
higher  petroleum  oils,  etc.  Fusion  is  absent  or  only  incipient  at  160c>, 
and  more  than  complete  at  210^,  provided  only  the  solvent  used  be  not 
too  volatile.  The  gray  rubbers  (6,  c)  fuse  to  a  more  viscous  or  pasty  m^iss 
than  the  gum  rubbers  (a),  the  consistency  of  the  clear  cold  solution  in 
the  latter  case  being  about  that  of  treacle.  In  general  the  occurrences 
of  this  paragraph  resembles  the  fusion  of  a  salt  in  its  water  of  crystal- 
lization, with  this  exception,  that  impreguated  vulcanized  rubber  after 
fusion  retains  a  consistence  which  is  liquid  relatively  to  the  original 
impregnated  charge. 

The  analogy  with  starch  or  gluten  solutions  is  much  more  perfect. 
All  of  these  substances  swell  up  when  submerged  in  the  solvent.  To 
effect  solution  or  quasi  solution^  temperature  must  be  raised  to  below 
lOOo  in  the  former  cases,  and  considerable  above  150°  in  case  of 
rubber.  Thus  the  only  real  difference  in  the  process  is  an  apparent 
one;  for  starch,  the  solvent  water  is  still  a  liquid  at  the  solution  tem- 
perature, whereas  for  rubber  the  usual  solvents,  under  atmospheric 
pressure,  are  vaporized  at  the  solution  temperature.  It  is  interesting 
to  note  that  a  similarly  detailed  analogy  in  the  thermodynamic  behav- 
ior of  rubber  and  of  sofb  gelatins  has  recently  been  pursued  at  length 
by  Bjernken^  Under  sufficient  longitudinal  stress,  both  these  sub- 
stances contract  on  heating,  and  they  are,  therefore,  heated  on  further 
extension,  as  was  proved  by  Thomson.    Bjernken  concludes  that  water 


1  BjernlEen. 
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ill  the  gelatins  occurs  as  water  and  is  not  in  a  state  of  solution  or 
combination. 

To  account  for  the  behavior  of  rubber  toward  solvents,  I  have  sup- 
posed coherence  iio  be  due  to  cohesive  affinities,  forces  capable  of  being 
saturated  like  the  ordinary  chemical  affinities,  but  of  smaller  intensity 
and  probably  greater  number.  If,  therefore,  rubber  is  impregnated  with 
the  solvent,  a  part  of  the  cohesive  affinities  of  the  rubber  combines  with 
similar  affinities  of  the  solvent,  and  the  result  is  so  decided  a  decrease  of 
the  tenacity  of  the  sample  that  it  may  now  be  triturated.  If  the 
impregnated  material  is  to  be  liquid,  the  residual  cohesive  affinities  of 
the  rubber  must  be  withdrawn  from  action.  This  may  be  done  by  heat 
(dissociation).  The  liquid  thus  obtained  I  do  not  conceive  to  be  a  true 
solution,  i.  e.,  one  in  which  the  division  of  solid  has  reached  a  definite 
molecule,  but  rather  consisting  of  a  suspension  of  excessively  small 
rubber  particles  in  the  solvent.  Conditions  under  which  this  takes 
place  I  have  already  discussed  elsewhere',  and  the  probable  size  of  the 
ultimate  particles  is  there  indicate^  Hence  on  cooling  the  solution 
need  not  at  once  become  solid  again.  Diffusion,  if  occurring  at  all,  is 
now  an  excessively  slow  process.  Hence  the  aggregation  of  particlejs 
takes  place  gradually,  until  at  length  the  whole  body  forms  one  coherent 
mass.  In  other  words,  all  rubber  solutions  coagulate,  and  the  solid 
structure  in  this  ease  is  probably  that  of  a  network  or  sponge  boldmg 
solvent  i^its  inters tices^. 

If  th0  coagulated  solution  be  again  heated  (under  pressure)  a  thin 
viscid  liquid  is  again  obtained  which  in  its  turn  coagulates,  etc.  Heme 
even  if  the  original  rubber  be  chemically  different  from  the  dissolved 
product  (polymerization)  my  reasoning  would  hold  for  the  coagulated 
material. 

Finally,  I  may  add  that  the  rubber  deposited  from  any  of  the  above 
solutions  presents  a  curious  case  of  slowly  reacting  elasticity.  If  a 
thread  (say  1"»™  in  diameter)  be  twisted  and  then  let  go  on  a  frictionless 
surface,  it  will  squirm  like  a  live  worm  for  some  minutes  after.  If  it  be 
stretched,  the  original  length  is  regained  with  visible  slowness.  The 
internal  changes  probably  take  place  along  lines  of  very  nearly  neutral 
equilibrium. 

93.  Behavior  of  reagents  andsolvents, — Owing  to  the  frequent  occurrence 
of  gaseous  products  in  tlie  above  experiments  I  made  special  investiga- 
tions on  the  decomposition  of  the  reagents.  Benzole  and  gasoline  were 
found  stable  at  210^,  and  often  above  this  temperature,  whether  mixed 
with  water  or  with  sulphur.  Cf.  §  95.  Carbon  disulphide,  however,  in 
addition  to  relatively  slight  decompositions  noted  in  §  91,  is  decomposed 
by  sodium  and  by  mercury  at  210^,  although  it  remains  stable  in  pres- 
ence of  bright  steel  or  of  sulphur.  It  is  also  stable  in  presence  of  zinc 
white  (rubber  pigment)  at  210°.  Violent  double  decomposition,  how- 
ever, occurs  at  this  temperature  in  mixtures  of  water  and  CS2,  with  the 


»  Banuj;  Am.  Jour.,  Sci.,  vol.  37,  1889,  pp.  126-128. 
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evolution  of  much  gas,  presumably  2H2S  and  CO2.  Thus  it  appears 
that  a  thread  of  mercury  to  shut  off  the  experimental  tubes  §  76  is 
generally  objectionable,  as  is  also  a  thread  of  water  in  case  of  CS2. 
For  this  reason,  moreover,  the  absence  of  gaseous  reaction  in  case  of 
mixed  solvents,  §  90,  is  to  be  attributed  to.  the  fact  that  CSj  and  water 
are  not  imme<liately  in  contact  but  separated  by  layers  of  benzole  or 
gasoline. 

An  interesting  question  is  suggested  here,  as  to  whether  it  be  possi- 
ble to  express  aflflnity  on  a  scale  of  temperatures.  For  instance,  let  it 
be  required  to  determine  the  affinity  of  a  metal  for  sulphur.  At  ordi- 
nary temperatures  not  even  sodium  decomposes  carbon  disulphide, 
whereas  such  decomposition  occurs  in  case  of  many  metals  if  the  tem- 
perature be  sufficiently  high.  Hence  the  temperature  at  which  such 
decomposition  dej&nitely  sets  in  (for  copper  sooner  than  for  iron,  etc.) 
is  to  some  extent  a  reciprocal  expression  of  the  affinity  of  the  given 
metal  for  sulphur,  bearing  always  in  mind  that  the  stability  of  the 
sohd  metallic  molecule  also  enters  into  the  consideration.  Thus  the 
arbitrary  reagent  CS2,  in  its  relations  to  all  the  metals  to  be  examined, 
fulfills  a  similar  purpose  to  an  arbitrary  spring  balance  in  measuring 
gravitational  forces.    Cf.  §  95,    . 

94.  Summary  of  the  results. — In  the  above  paragraphs  I  have  there- 
fore indicated  a  method  by  aid  of  which  vulcanized  india  rubber  of  any 
quality  or  character  whatever,  as  well  as  the  undecomposM  or  re- 
claimable  part  of  rubber  waste,  may  be  dissolved  or  liquefied  in  a 
reasonably  short  time^,  and  into  solutions  of  any  desirable  degree  of 
viscosity  or  diluteness — into  solutions,  moreover,  from  which  india 
rubber  may  be  regained  on  evaporation  of  the  solvent.  I  have  also  indi- 
cated methods  for  passing  from  dissolved  vulcanized  rubber  toward  pure 
rubber,  though  I  see  little  use  for  such  a  step. 

I  have  elsewhere  described  divers  forms  of  apparatus  by  which  any 
of  the  above  operations  may  be  carried  out  on  a  large  scale.  They  are 
of  no  interest  here,  but  I  mention  them  since  it  is  only  from  such  ex- 
periments that  a  full  insight  into  the  quality  of  the  rubber  deposited 
from  any  given  solution  may  be  obtained.  Throughout  my  work  the 
constancy  of  the  dissociation  temperature  has  been  a  marked  feature. 
Thus,  in  the  case  of  CS2,  of  turpentine,  of  the  vulcanization  of  dissolved 
pure  rubber,  etc.,  no  action  took  place  below  160^.  It  may  be  noted 
Ihat  even  this  temperature  is  higher  than  where  vulcanization  is 
effected  in  the  dry  way,  where  110^  to  140^  are  deemed  sufficient. 
Moreover,  solution  of  vulcanized  rubber  takes  place  at  185^,  quite  as 
easily  under  700  atnjospheres  as  under  the  minimum  admissible — say  20 
atmospheres. 

95,  Presumable  eonditim^s  regarding  the  solution  ofcarbauj  eta, — ^From 
the  above  paragraphs  I  inferred  that  the  difficulty  encountered  in  dis- 
solving carbon  is  probably  attributable  to  the  relatively  high  dissociation 

ipracticaUj-  at  o»ce,  tf  tlie  material  is  not  too  balky.  /^^  ^  ^  r^T ^ 
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temperature  of  the  solid  carbon  molecule.  I  made  mauy  experiments 
to' test  this  view,  in  all  of  which  1  failed  to  obtain  solution  even  at  low 
red  heat  and  600  atmospheres.  My  work  thus  corroborates  the  nepi- 
tive  results  of  Hannay*  on  the  direct  solution  of  carbon.  My  experi- 
ments were  made  with  gasoline,  water,  chloroform,  benzole,  and  carbon 
disulphide,  usually  at  500^  and  500  atmospheres.  In  case  of  gasoline 
I  went  as  far  as  low  red  heat  and  GOO  atmospheres.  In  most  cases  the 
reagents  were  decomposed  (particularly  carbon  disulphide,  benzole, 
chloroform)  to  gaseous  products,  while  the  carbon  remained  unaltered. 
Decomposition  by  metals  if  they  yielded  carbon  (copper  corroded  by 
CS2  and  gasoline  acted  on  by  palladium)  showed  sooty  deposits  only. 
It  appears  therefore  that  the  dissociation  temperature  of  the  amorphous 
carbon  molecule  must  be  looked  for  in  the  region  of  red  heat. 

In  conclusion,  I  may  state  that  experiments  were  also  made  with 
wood.  This  material  swells  up  in  water,  and  the  inference  is,  com- 
patibly with  the  above  text,  §  92,  that  if  the  temperatui-e  be  sufficiently 
raised  woody  tissue  must  pass  into  solution.  Many  te^sts  made  uptm 
cellulose  in  this  way  showed  that  the  material  is  decomposed  before 
solution  sets  in.  The  phenomena  seems  to  be  an  ordinary  dry  dis- 
tillation in  spite  of  the  presence  of  water  under  pressure.  This  is 
unfortunate,  for  if  it  were  possible  to  dissolve  wood,  our  forests  would 
be  digestible.  At  least,  any  such  successful  process  must  contribute 
essentially  to  the  food  products  of  the  race. 


»HaiiiiHy:  Proc.  Roy.  Soc,  vol.  80,  1880,  p.  188;  Chem.  News,  vol.  41,  1880,  p.  106.     Of.  Hannay  and 
Hogarth:  Chem.  News,  vol.  41, 1880,  p.  103;  MoUet  and  Uaunay :  Natoi-e,  vol.  22,  1880,  p.  192. 
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SOME  INSECTS  OP  SPECIAL  INTEREST  FROM  FLORISSANT  AND 
OTHER  POINTS  IN  THE  TERTIARIES  OF  COLORADO  AND  UTAH. 


By  Samuel  H.  Sct'dder. 


INTRODUCTION. 


The  foUoVinff  pages  describe  the  characteristics  of  a  few  Oligocene 
insects  of  different  orders  which,  from  some  peculiarity,  have  been 
thought  wortUy  of  special  stady  out  of  serial  course,  and  which  would 
have  long  to  remain  unnoticed  if  they  were  to  await  treatment  with 
their  immediate  allies.  Several,  indeed,  behnig  to  groups  already 
reported  on  in  ray  Tertiary  Inswts  and  elsewhere,  and  are  really  on  that 
accoijnt  the  more  worthy  of  notice,  as  their  relation  to  those  already 
made  known  cah  be  discussed.  Thus  the  Trichocnemis  is  interestiug 
as  Hie  representative  of  a  type  hitherto  known,  both  in  the  present  and 
past  epochs  as  exclusively  gerontogeic;  the  Stciiogomphus  as  the  first 
of  the  Oomphlna  found  fossil  in  this  country;  the  Cicada  not  only  for 
its  great  size,  but  for  its  being  the  fli-st  member  of  its  family  known 
from  American  rocks,  and  it  was  remarked  in  my  Tertiary  Insects 
(p.. 239)  as  a  singular  thing  that  we  should  have  found  none;  the  but- 
terfly is  of  exceptional  interest  as  belonging  to  a  waning  type  which 
must  have  flourished  remarkably  in  Oligocene  times  if  the  figures  drawn 
from  the  few  known  fossil  butterflies  are  to  be  regarded  as  having  any 
weight  at  all.  These  all  behmg  to  groups  already  elaborated.  The 
two  Coleoptera  are  interesting,  one  from  its  suggestion  of  the  need  of 
reexamination  of  allied  European  Tertiary  form«,  the  other  from  its 
remarkable  structure.  The  two  Dij^tera  surprise  us  by  their  departure 
from  the  modern  types  to  which  they  are  most  nearly  allied,  and  the 
existence  of  one  of  them  proves  that  bot-flies  awaited  the  appearance* 
on  the  globe  of  their  most  cherished  victims  among  the  ruminants. 
And  finally  the  Hymenopteron  described  below,  besides  its  curious 
alliance  to  oriental  forms,  well  illustrates  how  perfectly  preserved  are 
the  numerous  and  varied  Tenthredinidfe  entombed  at  Florissant, 
whereas  all  previously  described  fossils  of  this  family  have  been  exceed- 
ingly imperfect  and  unsatisfactory. 
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GENERA  AND  SPECIES. 

NEUROPTERA— ODONATA. 
TKICHOONEMIS  Selys.     • 

TRICHOCNEMIS    ALIENA.   • 
PI.  1,  fiff.  2. 

Nearly  allied  to  fiie  recent  T.  rZ/r/ywa^Selys,  but  easily  distinguished 
from  it  by  th^  origin  of  tlie  subnodal,  which  Jirises  in  the  nodus  itself, 
from  the  number  of  postcubitals,  which  is  eleven  instead  of  seventeen, 
and  from  the  color  of  the  pterostigma,  which  is  pallid,  heavily  mar- 
gined with  blackish  brown. 

Length,  20  millimeters. 

The  interest  attaching  to  this  species  is  its  close  alliance  to  species 
found  in  the  East  Indies  and  its  belonging  to  a  legion,  Platycnemis, 
which  is  now  found  only  in  the  Old  World,  most  of  its  members,  indeed, 
in  the  tropics.  That  it  belongs  in  this  legion  is  plain  from  the 
origin  of  the  median  and  subnodal  sectors,  the  forhier  at  a  point 
immediately  before  the  nodus  (bending  strongly  upward  at  its  blise), 
from  the  elongated  and  regular  quadrilateral,  from  the  short  ptero- 
stigma which  surmounts  parts  of  two  cellules,  but  is  only  equal  in  length 
to  one,  from  the  entire  absence  of  supplementary  sectors,  and  from  the 
length,  straightness,  and  simplicity  of  the  lower  sector  of  the  triangle,  • 
which  terminates  well  beyond  the  middle  of  the  wing.  The  entii-e 
margin  of  the  wing,  the  length  of  the  lower  sector  of  the  triangle,  and 
the  relative  brevity  of  the  upper  side  of  the  quadrilateral,  which  is 
about  three-fifths  as  long  as  that  of  the  lower  side,  show  that  it  must  be 
referred  to  Trichocnemis,  and  that  it  falls  about  midway  between 
the  subgenera  Hemicnemis  and  Trichocnemis,  having  close  relation  to 
H.  eyanopa  from  tha  Seychelles  and  T.  didyma  from  Thibet  and  Dar- 
jeeling  by  the  i>oints  of  origin  of  the  median  and  subnodal  sectors. 

Of  further  interest  is  the  fact  that  the  legion  is  already  known  in  the 
European  tertiaries,  one  species  (a  mere  fragment  and  referred  here 
with  some  doubt)  in  amber,  the  other,  PlatycnemtH  icarus^  fix)m  the 
Aquitanian  of  Rott,  and  that  the  latter  species  is  so  closely  allied  to 
our  Florissant  foiin  as  indubitably  to  fall  in  the  same  genus,  so  that  it 
should  be  known  henceforth  as  Trichocnemis  icarus;  here  also  the  sub- 
nodal arises  from  the  nodus  itself;  both  the  median  and  subnodal  have 
the  same  abrupt  upward  curve  at  the  base,  and  the  fonn  of  the  quadri- 
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acuDDKB.]  NEUROPTERA— ODOKATA.  13 

lateral  is  nearly  identical  j  the  number  of  postcubitals  is  thirteen.  I  do 
not  recall  any  so  close  relationship  between  the  insects  of  the  lihenish 
basin  and  those  of  our  Oligocene  beds. 

Florissant,  Colorado,  One  8j)ecimen.  No.  1660,  U.  S.  Greological 
Survey.- 

STENOGOMPHU8  ((rreydq^  Gomphus*,  nom.  gen.)  gen.  nov. 

Upper  side  of  the  triapgle  a  little  longer  than  the  interior,  scarcely 
shorter  than  the  exterior,  which  is  bent;  both  inner  and  outer  triangles 
subequiangular  and  subequal,  each  divided  into  three  or  four  cells  by 
cross  veins  uniting  at  the  center;  hypertrigonal  space  without  trans- 
versals; median  space  with  a  single  cross  nervule,  the  space  itself  ex- 
ceptionally narrow  apically,  diminishing  gradually  in  mdth  from  the 
middle  outward  and  in  no  way  bent  where  the  lower  limb  of  the  inner 
triangle  strikes  it;  sectors  of  the  arculus  arising  from  the  same  point 
and  continuing  as  one  stem  more  than  half  way  to  the  apex  of  the  me- 
dian space;  three  complete  rows  of  cellules,  following  the  triangle  as  far 
as  below  the  nodus. 

These  characters  are  not  combined  in  any  known  genus  of  Gom- 
phoides,  to  which  legion  of  Gomphina,  on  account  of  its  aborted  mem- 
branule,  it  belongs.  From  the  equality  of  the  two  triangles,  the  length 
of  the  upper  margin  of  each,  and  the  exceptional  straightness  of  the 
postcostal  nervure,  the  upper  broad  extension  of  the  two  triangles  gives 
a  peculiar  facies  to  the  wing,  Somewhat  as  if  it  were  a  hind  wing,  which 
the  empty  hypertrigonal  space,  the  three  complete  series  of  cellules  fol- 
lowing the  discoidal  triangle,  and  the  small  number  of  postcubitals 
intensify. 

It  is  interesting  as  being  the  first  discovery  of  fossil  Gomphina  in 
America,  and  as  showing  an  alliance  with  the  existing  New  World  rather 
than  the  Old  World  types.  It  seems,  on  the  whole,  to  be  most  nearly 
related  to  Gomphoides  and  Progomphus,  but  differs  distinctly  from 
the  latter  in  the  origin  of  the  sectors  arising  fvoin  the  arculus, 
Irom  Gomphoides  in  the  free  hypertrigonal  space,  the  greater  length  of 
the  upper  side  of  the  triangle,  and  from  both  in  the  straightness  of  the 
I)ostcostal  vein,  and  in  having  three  instead  of  two  complete  series  of 
cellules  beyond  the  triangle,  a  character  which  does  not  appear  to  have 
been  found  in  this  legion,  but  which  occurs  in  Gacus,  a  subgenus  in  the 
neighboring  gerontogeic  legion  Lindeuia.' 

There  appear  to  be  some  other  peculiarities  about  it  which  future 
comparisons  may  show  to  have  some  si^ecial  interest.  In  all  recent 
spexjies  of  the  legion  I  have  seen,  one  of  the  cross  nervules  in  the  space 
between  the  nodal  and  subnodal  sectors  is  heavier  than  the  others  and 
oblique,  but  is  placed  at  very  varying  distances  beyond  the  nodus, 
always,  however,  separated  from  it  by  from  one  to  three  cellules;  in 

1  Soe  further  obstirvatious  uuUer  thu  ^pccien  *S.  carUtoni, 
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14  INTERESTING   TERTIARY    INSECTS.  [iinu**!. 

Steiiogoinphiis  alone  is  it  in  direct  (continuation  of  tlic^  curved  ba«e  of 
the  nodal  sector,  and  tlius  forms  an  integral  part  of  the  syst^^ni  or  acoe?4- 
sory  alliance  of  lieavy  vidns  whicli  depend  from  and  form  a  part  of  the 
nodus.    Again,  the  subnodal  nervure  in  all  living  Gomphina  I   have 
seen  does  not  arise  directly  from  the  principal  sector,  but  jfroih  a  bent 
cross  nervule  connecting  the  principal  and  median  secftor,  or  it  may  be 
said  to  be  united  to  the  median  stHjtor  close  to  its  own  base  by  an  ob- 
lique transversal,  while  in  Stenogomphus  its  origin  is  direct,  the  con- 
nection with  the  median  being  not  yet  gained.    Add  to  this  that  the 
sectors  arising  from  the  arculus,  the  ])rincipal  and  the  short  sectors, 
not  only  arise  from  one  point,  but  seem  to  be  entirely  blended  for  a  dis- 
tance from  the  arculus  nearly  equal  to  the  length  of  the  latter,  and  we 
find  a  series  of  characterLstics  of  no  little  interest.    The  last  feature 
seems  to  be  found,  but  to  aless  extent,  in  Qomphoides  hifasciaia^  and  still 
less  in  0.  hrevipcM^  in  both  of  which,  however,  the  veins  do  not  blend 
until  past  the  extreme  base,  while  in  Stenogomphus  they  have  but  a 
single  origin.    Besides,  the  number  of  postcubitals  is  -exceptionallj 
small,  these  varying  in  the  entire  legion  from  eight  to  seventeen,  and 
averaging  twelve,  though  in  Gomphoides  proper^  to  which  Stenogom- 
phus is  most  nearly  allied,  the  average  is  ten;  in  Stenogomphus  there 
are  but  seven. 

STENOGOMPHUS   CARLETONI. 
PI.  1,  Fig.  1. 

A  single  fore  wing  and  part  of  its  reverse  are  all  that  are  known  of 
this  dragon  fly.  The  wing  is  hyaline  or  very  faintly  infumated  beyond 
the  nodus;  the  reticulation  is  testaceous,  the  principal  sector  and  the 
main  veins  above  it,  with  the  costal  margin,  ferruginous,  deepening  into 
blackish  when  bordering  the  ferrugineo- testaceous  pterostigma.  This 
latter  is  subequal,  about  four  and  a  half  times  longer  than  brosid, 
surmounts  less  than  three  unequal  cellules,  it«  inner  bordering  vein 
subc^ontinuons  with  the  cross  nervule  below ;  twelve  antecubitals,  seven 
postcubitals;  both  triangles  subequilateral  with  crowfoot  division  into 
three  cells,  the  upper  outer  angle  of  the  discoidal  triangle  perhaps  some- 
times severed  by  a  cross  vein  to  form  a  minute  fourth  cell ;  outer  margin 
of  same  triangle  slightly  bent  above,  scarcely  more  than  a  tenth  longer 
tlian  the  upper  margin,  which  in  its  turn  is  scarcely  more  than  a  tenth 
longer  than  the  inner  margin ;  of  the  borders  of  the  inner  triangle  the 
lower  is  the  longer,  the  others  subequal. 

Length,  39  millimeters;  breadth,  8*7  millimeters. 

The  living  species  to  which  this  is  most  nearly  allied  is  unquestionably 
Gomphoides  stigmata  Say  sp.,  fcmnd  in  Texas.  To  this  conclusion  both 
Baron  de  Selys  and  Dr.  Hagen,  to  whom  I  sent  sketches  of  the  neura- 
tion,  arrived  independently,  and  Baron  de  Selys  kindly  pointed  out  some 
peculiarities  of  that  species,  which,  in  view  of  the  structure  of  Sten- 
ogomphus, have  special  interest.    One  of  the  two  specimens^ ^  and  9 ) 
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BCUDDEB-I  HEMIPTEBA CICADIDJE.  15 

in  his  possession  has  tlie  hypertrigonal  Space  free  ou  one  fore  wing  but 
not  on  the  other;  while  on  another  is  found,  also  on  one  wing  but  not  on 
the  opposite,  the  beginning  of  a  series  of  five  or  six  very  small  pentag- 
onal cellules  between  the  two  rows  of  tetragonal  ones  following  the 
discoidal  triangle.  By  the  kindness  of  Dr.  Hagen,  Mr.  Uhler,  and  Mr. 
Calvert,  I  am  able  to  report  regarding  the  structure  of  fifteen  other 
specimens  of  this  species;  in  all  without  exception  on  both  wings  there 
are  next  the  triangle  first  three  cellules  (as  figured  in  de  Selys's  Mon- 
ographic des  Gomphines),  then  two  series  to  a  point  between  the  origin 
of  the  median  nervure  and  the  nodus,  increasing  to  a  greater  number 
below  the  nodus;  but  in  the  number  of  transversals  in  the  hypertrig- 
onal  space  there  is  some  variation;  in  all  but  two  specimens  the  \vings 
are  alike  on  the  two  sides  and  show  either  one  or  two  transversals  in 
this  space;  but  one  male  has  three  transversals  on  the  lett,  two  on  the 
right  side;  and  one  female  one  transversal  on  the  left,  two  on  the  right. 
*  Curiously  enough  these  asymmetrical  individuals  are  from  the  same  lot 
as  those  in  Baron  de  Selys's  collection,  viz,  the  specimens  collected  by 
General  (then  Captain)  Pope  on  the  Pecos  river,  Texas,  in  the  extreme 
western  part  of  the  State,  at  the  time  of  the  Mexican  boundary  survey; 
while  all  the  others  but  two  were  collected  by  Aaron  in  the  extreme 
southern  part  of  the  State,  between  Laredo,  100  miles  inland,  on  the 
Kio  Grande,  and  Corpus  Ohristi,  on  the  Gulf  coast.  The  last  two  are  in 
Mr.  Uhler's  collection. 

Crest  of  Roan  Mountains,  Colorado,  found  by  Mr.  Carleton  E.  Davis, 
of  my  party,  iu  1889.  One  specimen,  Nos.  1146  and  1185,  U.  S.  Geo- 
logical Survey. 

HEMIPTERA—CICADID^E. 
CICADA  L1NNI5. 

CICADA   aRANDIOSA. 
PL  1,  Fig.  3. 

A  single  hind  wing,  showing  the  complete  neuration,  except  a  frag- 
ment of  the  tip,  is  all  that  remains;  besides  indicating  a  species  of 
very  large  size,  as  large  as  the  largest  known  American  forms  in  North 
or  Central  America,  and  having  also  unusual  breadth,  it  diflers  from 
them  much  more  than  almost  any  of  the  genera  of  Cicadida?  do  from 
each  other,  and  therefore  indicates  a  distinct  genus.  The  neuration  in 
general  agi-ees  with  that  given  for  Fidicina  and  Cicada  by  Distant  in 
the  BiologiaCentrali- Americana,  or  for  that  of  an  East  Indian  species  of 
Fidicina  by  Walker  (Oat.  Brit.  Mus.,  Homopt.,  PI.  1,  Fig.  2),  but  differs 
from  them  all  in  an  unusual  peculiarity,  tlie  great  length  of  the  apical 
cells,  the  transverse  interlocking  of  the  veins  occurring  much  nearer 
the  middle  of  the  wing  than  usual;  moreover,  the  upper  ulnar  vein 
when  it  forks  (just  before  its  union  with  the  lowest  radiaU^does  so  by 
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throwing  off  an  inferior  branch  from  about  the  center  of  the  wing, 
while  the  upper  branch,  united  to  the  lowest  radial,  scarcely  diverges 
from  the  original  path  of  the  main  stem ;  and  finally,  the  lower  ulnar, 
when  it  has  run  a  little  more  than  half  its  course  x>arallel  and  close  to 
the  sutura  clavi,  suddenly  bends''  slightly  upward  and  terminates  on 
the  outer  margin  much  nearer  to  the  upper  radial  vein  than  to  the  su- 
tura clavi  5  no  trace  of  the  membrane  can  be  seen  beyond  the  marginal 
vein;  the  veins  are  very  delicate  and  the  wing  immaculate. 

Length  of  fragment,  25  millimeters;  probable  length  of  venation  in 
hind  wings,  26*5  millimeters;  breadth,  10*5  millimeters;  probable  ex- 
panse of  fore  wings,  115  millimeters. 

This  is  much  larger  than  any  of  the  tertiary  Cicadidae  of  Europe, 
none  of  which  have  the  hind  wing  preserved. 

Florissant,  Colorado.  One  specimen,  No.  1850,  U.  S.  Geological  Sur- 
vey. 

COLEOPTER  A— B  YRRHID^C. 

NOSOTETOCUS  (v6^o<;,  Hxriu)  gen.  nov. 

But  a  single  genus,  Nosodendron  Latr.,  has  hitherto  been  recognizetl 
in  the  Nosodendrinae,  a  subfamily  distinguished  from  other  Byrrbidie 
by  its  prominent  head,  which  is  not  retracted  as  in  the  other  subfami- 
lies. In  the  tertiaries  of  Colorado,  however,  and  perhaps  in  those  of 
Europe  as  well,  a  genus  of  Byrrhidse  is  found  in  which  the  head  is  as 
prominent  as  in  Nosodendron,  but  differs  from  it  very  distinctly  in  the 
character  ot  the  antennae,  which  in  Nosodendron  have  a  distinct  and 
sharply  delimited  club  formed  by  the  abrupt  expansion  of  the  three 
last  joints.  In  the  extinct  genus,  which  from  its  relation  to  Noso- 
dendron  we  call  Nosotetocus,  the  antennae  enlarge  with  great  regular- 
ity, no  one  joint  being  greatly  larger  than  the  preceding,  and  the  apical 
joints  being  considerably  less  than  twice  as  broad  as  the  narrowest 
joints  of  the  stem.  In  other  respects  it  agrees  very  closely  with  Xo- 
sodendrou,  the  form  of  the  head  being  similar,  the  antennae  composed 
of  eleven  joints,  of  which  the  second  is  longer  than  the  others,  and 
all,  excepting  perhaps  the  basal  joint,  which  can  not  easily  be  seen, 
are  gently  obconic,  perhaps  depressed.  The  prothorax  is  short  and 
the  scutellum  small.  The  legs  are  moderately  stout,  the  tibin?  appa 
rently  of  similar  width  throughout. 

Three  species,  differing  considerably,  are  found  at  Florissant,  and  it 
would  appear  probable  from  the  figures  and  descriptions  of  the  three 
species  which  have  been  referred  to  Byrrhus  from  the  European  ter- 
tiaries that  they  also  belonged  here.  They  all  appear  to  have  nou- 
retracted  heads,  and  in  the  case  of  one,  B.  examinatus  Heyd.,  the 
antennae  have  the  same  construction  as  in  Nosotetocus.  A  reexami- 
nation of  the  specimens  is  desirable,  as  it  would  be  interesting  to  know 
tf  Nosotetocus  preceded  Nosoclendron  in  Europe  as  well  as  in  America. 
Only  one  of  our  species  is  described  here.  r^^^^T^ 
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NOSOTBTOCUS  MABOOVI. 

PI.  2,  Fig8.  2,  3. 

Form  obovate,  about  half  as  long  again  as  broad,  the  hea4  projecting 
distinctly  beyond  the  front  and  breaking  the  regularity  of  the  form,  the 
curve  being  emarginate  on  the  anterior  sides  of  the  prothorax.  The 
head  is  comparatively  narrow,  being  scarcely  transverse,  very  regularly 
L  ,  rounded  and  scarcely  produced  in  front.    The  antennse  are  consider- 

ably longer  than  half  the  width  of  the  body,  the  apical  joint,  which  is 
largest  and  slightly  produced  at  tip,  nearly  twice  as  ];)road  as  the  nar- 
rowest part  of  the  stem.  The  elytra  are  distinctly  though  feebly  striate 
and  the  striae  faintly  punctured. 

Length,  5*25  milUmeteirs;  breadth,  3  millimeters;  breadth  of  head, 
1-5  millimeters;  length  of  antennae,  2  millimeters. 

Named  for  the  geologist,  Prof.  Jules  Marcou,  of  Cambridge. 

Florissant,  one  specimen.  No.  110. 

COLEOPTERA— CARABID^C. 
CARABITES  HEER. 

CABABITES  EXANIMUS. 
PI.  1,  Fig.  4. 

The  surface  of  the  elytra  is  smooth  but  for  the  sharp,  slender,  rather 
deeply  impressed,  straight  striae,  showing  feeble  signs  of  scattered  del- 
icate punctures,  hardly  enlarging  the  width  of  tlie  striae  and  very  ob- 
scure. The  second  stria  terminates  at  the  base  just  as  it  bends  outward 
opposite  the  tip  of  the  scutellum,  while  the  third  runs  into  the  fourth, 
and  there  is  no  basal  stria;  the  second  and  fourth  are  roundly  united 
apically  around  the  tip  of  the  third,  and  are  joined  to  the  united  fifth 
and  sixth  by  a  short  spur;  the  first  and  tenth  are  united  at  the  very 
;  tip  of  the  elytra. 

Length  of  elytron,  9  millimeters;  middle  width  of  one,  3  millimeters. 

Finding  it  imi)Ossible  definitely  to  place  this  beetle,  which  is  repre- 
sented only  by  the  elytra,  but  these  in  excellent  preservation,  I  put  it 
temporarily  in  a  magazine  genus  to  indicate  its  general  affinities, 
for  its  general  aspect  is  that  of  a  large  carabid,  which  the  inferior 
plica  of  the  outer  margin  strongly  confirms;  but  there  is  not  a  sign 
of  dorsal  punctures  or  foveae,  excei>t  a  minute  puncture  at  the  oblique 
base  of  the  third  stria,  and  even  no  ocellate  punctures  between  the 
ninth  and  tenth  striae.  Of  all  the  tribes  possessing  such  an  inferior 
plica,  It  seems  to  agree  best  with  the  Pterostichini,  but  there  are  here 
nine  perfectly  and  equally  distinct  and  equidistant  striae  besides  a 
tenth  marginal  stria.  The  elytra  are  slender,  with  a  distinct  emargi- 
nation  at  the  tip  of  the  inferior  i)lica  and  with  narrowed  base  and  well- 
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rouuded  humeri ;  the  first  and  third  striae  are  deflected  outward  at 
their  base  by  the  tolerably  large  triangular  scutellum. 

From  the  lowest  beds  on  the  immediate  baiik  of  the  White  River, 
Utah,  about  5  miles  from  the  Colorado  line.  One  specimen,  Nos.  624 
and  626,  U.  B.  Geological  Survey. 

DIPTERA-CESTRID^C. 

The  (Estridje  of  the  present  day  live  in  their  early  stages  beneath 
the  skin  or  in  the  glands  or  cavities  of  various  Mammalia,  hardly  any 
of  the  terrestrial  groups  being  free  from  their  attacks;  they  principally 
pursue,  however,  the  Perissodactyla,  Ruminantia,  and  Rodeutia,  and 
of  these  the  ruminants  are  by  far  the  most  sjibjeet  to  them,  and  par- 
ticularly the  Cervidae  and  Bovinae.  Now,  neither  of  these  dominant 
families  appears  to  have  existed  in  Oligocene  times,  when  the  insect 
described  below  flourished,  and  they  have  reached  their  present  dif- 
ferentiation and  predominance  quite  despite  the  attacks  of  this  insect 
family  which  was  awaiting  their  advent  into  the  world.  Perhaps  Pa- 
l(Bstru8  sought  the  Tylopoda  of  the  time  as  its  victims. 

PALCESTRUS  {ndXat^  oUrpo':)  gen.  nov. 

A  genus  of  (EstridaB  remarkable  for  the  very  striking  course  of  the 
fourth  longitudinal  vein,  which  finds  no  counterpart  in  living  CEstridse 
so  far  as  I  can  find.  Nor,  indeed,  can  I  discover  anything  of  the  sort 
among  the  calyptrate  Muscaria.  The  only  species  known  is  of  the  lar- 
gest size,  rivaling  the  largest  known  living  forms,  with  wings  of  a 
rather  slender  form  and  immaculate.  The  costal  vein  is  finely  and 
densely  bristled,  the  costal  cell  of  somewhat  unusual  width,  partly 
from  the  rather  short  auxiliary  vein  which  terminates  well  before  the 
middle  of  the  wing;  the  first  three  longitudinal  veins  terminate  at 
nearly  equidistant  intervals  in  the  apical  fourth  of  the  wing,  the  sec- 
ond and  third,  as  normally,  with  upturned  tips;  the  third  longitudinal 
vein  arises  from  the  second  at  slightly  less  than  a  third  way  from  the 
base;  the  fourth,  instead  of  running  in  a  straight  or  gently  flexed 
course,  perhaps  bent,  at  the  middle  transverse  vein,  is  profoundly 
aflected  by  that  vein,  which  is  extremely  short  and  lies  about  as  far 
beyond,  as  the  origin  of  the  third  longitudinal  vein  before,  the  tip  of 
the  auxiliary  vein;  in  passing  toward  this  middle  transverse  vein  the 
fourth  longitudinal  vein  runs  parallel  and  near  to  the  straight  fifth  lon- 
gitudinal vein  as  far  as  the  middle  of  the  wing,  and  then  curves  strongly 
upward  to  strike  the  transverse  vein  at  a  wide  angle,  is  there  bent  at 
right  angles  with  itself,  and  passes  in  a  nearly  straight  course  subpar- 
allel  to  the  fifth  longitudinal  until  it  meets  the  hinder  transverse  vein, 
when  it  is  again  bent,  this  time  upward  but  at  a  very  broad  angle,  and 
reaches  the  margin  just  beyond  the  third  longitudinal  vein,  thus  leav- 
ing the  first  posterior  cell  (barely)  open;  the  anteriop-vbasal  j trans- 
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verse  vein  is  directly  opposite  the  origin  of  the  third  longitudinal  vein  5 
1:  !  the  posterior,  strongly  arcuate,  is  situated  a  little  within  it;  the  fifth 
[>.  longitudinal  vein  terminates  just  beyond  the  hinder  transverse  vein, 
l)L^.r_    not  reaching  the  margin.-  The  legs  are  not  very  long,  the  femora 

remarkably  stout,  the  tibiae  straight,  the  tarsi  of  the  same  length  as 

the  tibiflB. 
Q£  This  genus  seems  to  be  most  nearly  allied  to  Hy^wderma,  which  is 

found  all  over  the  world  and  attacks  various  kinds  of  cattle,  but  espec- 
;:  i  \    ially  Cervidse,  but  the  whole  .course  of  the  fourth  longitudinal  vein  is 
•f :  1      materially  different.  * 
It  6':      .    A  single  species  is  known,  from  Florissant. 

...  PALCESTBUS  OLIGOCENUS. 

''  '  PI.  2,  Pigs.  1,  4. 

:  , . .  The  single  imperfect  specimen  that  has  been  found  has  been  so  ftilly 
described  under  the  genus  that  little  is  left  to  be  said.  The  remains 
consist  of  the  rotund  thorax,  the  wings,  excepting  the  membranous 
hind-margin,  the  hind  legs  and  the  middle  femora;  the  tegulne  are  ob- 
scure, but  appear  to  be  normal,    The  wing  is  hyaline.    The  basal 

,  ^  joint  of  the  abdomen  seems  to  be  represented  by  a  detached  piece  beside 
a  leg,  perhaps  a  fore  leg;  if  so,  it  is  of  great  size  relatively  to  the  tho- 
rax, the  hinder  margin  being  broader  than  the  thorax;  it  is  blackish 
brown  like  the  thorax,  with  the  hind  margin  lighter.  The  legs,  and 
especially  the  femora,  are  delicately  bristled;  the  tibije  are  scarcely  in 
the  least  enlarged  in  the  middle,  and  the  tarsi  are  about  two-thirds  as 
stout  as  the  tibiae. 

.;  Length  of  wing,  16  millimeters;  breadth  of  thorax,  7  millimeters;  of 

base  of  first  abdominal  segment,  5*5  millimeters;  of  apex  of  same,  8 
millimeters;  length  of  hind  femora,  4*75  millimeters;  tibia?,  5  millime- 
ters; tarsi,  5  millimeters. 

Florissant,  Colorado.     One  specimen,  Nos.  I,'i703  and  14086. 

DIPTERA— MYCETOPHILID^E. 

Subfamily  MYCETOPH^ETIN^E. 

This  new  group  is  remarkable  for  combining  in  the  neuration  of  the 
wing  characters  which  are  found  only  in  distinct  groui)s  among  living 
forms.  It  may  be  defined  as  follows :  The  vena  media  arises  at  the  base 
of  the  wing  from  the  vena  postica,  but  is  apparently  also  united  by  a 
cross  vein  close  to  its  bfise  with  the  radius.  The  transverse  median 
vein  elongate,  very  oblique.  The  humeral  cell  very  slightly  enlarged 
in  the  middle.    The  brachial  vein  .present  and  very  much  elongated. 


1  It  may  be  remarked,  as  i\  precaation  to  younger  students,  that  in  all  the  flguros  of  Hypoderma, 
and,  indeed,  many  other  genera  in  Braucr'f)  Monographic  der  OeBtriden.  a  single  vein  is  made  to  do 
duty  for  both  first  and  second  longitudinal  vinns. 
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both  cubital  cells  open  aud  elongate.    The  lower  di»coiclal  vein  origi 
natiiig  in  the  vena  postica,  but  aLso  couuected  at  its  base  by  a  cn>s^ 
vein  with  the  vena  media,  a  cross  vein  which  does  not  exist  in  the  other 
groups  of  MycetophilidjB.    The  vena  axillaris  complete. 
Th/s  group  seems  to  stand  between  the  Mycetobinae  and  Sciopliiliu^. 

MYCETOPH^TUS  {/x6;^t,  rnrdw)  gen.  nov. 

Wings  with  the  form  of  those  of  Sciophila,  the  auxiliary  veiji  teniii 
nating  in  the  margin  a  little  beyond  the  middle  of  the  wing  and  a  littk 
beyond  the  base  of  the  brachial  vein ;  the  marginal  vein  extending  to 
or  almost  to  the  tip  of  the  wing  where  the  cubital  meets  it;  the  fourtL 
posterior  cell  arises  as  far  back  as  the  inner  cubital  cell ;  the  third  p^s 
terior  is  divided  iuto  two,  a  basal  and  an  apical,  the  latter  as  long  as 
the  foui-th  posterior;  the  axillary  is  also  divided  into  two,  an  anterif>f 
and  a  posterior,  the  former  much  the  narrower  and  narrowing  apieallv. 
Legs  long  and  slender,  the  foi*e  femora  considerably  longer  than  tlie 
thorax,  the  tibiaB  longer  than  the  femora,  both  abundantly  spinous. 
Abdomen  eight-jointed. 

At  least  one  species  occurs  at  Florissant. 

MYCETOPH^TUS  INTERMEDIUS. 
PI.  2,  Fig.  5. 

Head  and  thorax  dark,  the  abdomen  much  lighter,  the  legs  nearly 
or  quite  as  dark  throughout  as  the  thorax ;  wings  hyaline,  but  faintly 
fuliginous  in  the  upper  half,  especially  beyond  the  middle.  The  bra 
chial  vein  arises  shortly  beyond  the  transverse  median  vein,  and  m 
its  basal  half  runs  parallel  to,  and  close  beside,  the  cubital,  but  after 
wards  diverges  a  little  from  it  and  strikes  the  margin  a  little  nearer  the 
radius.  The  second  posterior  cell  is  long — nearly  as  long  as  the  hinder 
cubital  cell  and  broad  from  the  base.  The  abdomen  is  slender  and 
tapering. 

Length  of  body,  7*5  millimeters;  wing,  5-6  millimeters;  femora,  - 
millimeters. 

Florissant,  Colorado.    One  specimen,  Nos.  5937  and  7391. 

LEPIDOPTERA— NYMPHALID^E. 

Subfamily  LIBYTHEIN>E. 

In  my  paper  on  the  fossil  butterflies  of  Florissant,  published  in  the 
Eighth  Annual  Eeport  of  the  U.  8.  Geological  Survey,  1  described  an 
interesting  form  under  the  name  of  Prolibythea,  and  called  attention  to 
the  strangeness  of  the  occui-rence,  in  a  fossil  state,  of  a  butterfly  be 
longing  to  the  subfamily  LibytheinaB.    Indeed,  it  may  be  acknowledgttl 
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to  be  much  the  most  interesting  of  any  of  the  fossil  butterflies  yet  dis- 
covered; for  when  we  recall  the  fact  that  among  existing  butterflies 
the  Libytheinae  are  by  far  the  most  poverty-stricken  subfamily  known, 
the  occurrence,  among  the  extremely  few  (less  than  twenty)  fossil  but- 
terflies that  have  been  found  in  any  part  of  the  world,  of  one  belonging 
to  this  subfamily  has  a  special  significance.  The  existing  members  are 
only  about  a  dozen  at  the  most,  and,  curiously  enough,  are  scattered 
at  the  four  quarters  of  the  globe.  No  other  subfamily  has  anywhere 
nearly  so  restricted  a  representation,  the  AcraeiniE,  which  perhaps  come 
nearest  to  them  in  this  respect,  numbering  at  least  ten  times  as  many, 
while  the  numerical  proportion  of  the  Libytheinte  to  the  total  number 
of  known  butterflies  is  not  far  from  1  to  1  ,(K)0.  How  much  more  signifi- 
cant this  is,  and  how  much  more  clearly  it  proves  the  living  Libytheinae 
to  be  remnants  of  a  waning  tyjMJ,  as  I  have  called  theui,^  is  shown 
by  the  occurrence  in  the  beds  of  Florissant  of  still  another  member  of 
this  restricted  subfamily,  so  that  the  Libytheiine  now  form  more  than 
10  per  cent  of  fossil  butterflies,  instead  of  one-tenth  of  one  i)er  cent,  as 
among  living  forms.  I  am  indebted  to  Mr.  S.  II.  Long,  of  Florissant, 
Colorado,  for  the  opportunity  of  studying  the  most  interesting  speci- 
men here  described. 

As  will  be  seen,  it  is  most  nearly  related  to  the  fossil  species  pre- 
viously found  in  the  same  beds,  Prolibythea  vagahunda.  It  is  of  pre- 
cisely the  same  large  size,  has  the  same  relatively  short  palpi,  some- 
what similar  antennae,  a  suuilar  but  not  so  marked  costal  lobe  at  the 
extremity  of  the  hind  wings,  and  a  neuration  agreeing  very  closely 
with  it;  so  closely,  indeed,  that  it  would  be  regarded  by  many  as  a 
member  of  the  same  genus.  It  differs  strikingly,  however,  in  the 
greater  breadth  of  the  wings  and  in  the  structure  of  the  antennoB  and 
palpi,  and  in  most  of  its  i)oints  shows  closer  affinities  with  the  Euro- 
l)ean  Libythea  than  with  the  African  Dichora,  instead  of  the  opposite, 
as  in  Prolibythea.  These  and  other  distinctions  seem  to  be  sufficient  to 
warrant  its  generic*  separation  from  previous  known  fossils,  and  I  ac- 
cordingly describe  it  under  the  following  name : 

BAKBAROTHEA  (,3dpi3apn<;,  oia)  gen.  nov. 

AntenoJB  slender*  the  club  so-gradually  incrassated  as  to  be  difficult 
to  determine  its  origin,  composed  of  about  one-fourth  of  the  total  num- 
ber of  joints,  but  little  more  than  one-fourth  the  length  of  the  whole 
antenna,  and  less  than  twice  as  broad  as  the  stalk,  terminating  very 
abruptly,  a  single  joint,  or  at  most  two,  being  concerned  in  its  apical 
diminution  in  size;  the  whole  antenna  scarcely  more  than  three-fifths 
the  length  of  the  wing.  The  apical  joint  of  the  i)alpi  not  more  than 
three  times  longer  than  broatl,  only  a  little  more  than  two-thirds  the 
length  of  the  second  joint.    Fore  wings  a  little  more  than  one-half  as 
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long  again  a8  broad,  8ubtriangnlar,  the  costal  margin  regalarly.  and 
gently  arched;  the  apical  margin  produced  in  the  upper  half  of  the 
wing,  roundly  and  not  at  all  prominently  angiilated  at  the  tip  of  the 
lowest  subcostal  nervule,  the  last  two  superior  subcostal  nervule«  orig 
inating  far  apart,  the  outer  at  a  little  more  than  midway  'between  the 
til)  of  the  cell  and  the  apex  of  .the  wing;  the  third  about  midway 
between  the  second  and  fourth.  Hind  wing  of  very  nearly  equal  length 
and  breadth,  the  costal  margin  as  in  Prolibythea,  but  with,  less  pro- 
nounced apical  lobe,  the  out/cr  border  very  regularly  arcuate  and 
crenulate,  not  at  all  producied  i\\  the  subcostal  region,  the  lowest  median 
nervure  widely  distant  from  the  submedian  and  terminating  in  a  dis 
tinct  but  rounded  lobe;  cell  closed  by  a  transverse  vein,  which  strikes 
the  median  barely  beyond  its  last  furcation. 

Of  the  pattern  of  the  wings  little  can  be  made  out,  but  the  under 
surface  of  the  fore  wings  would  api)ear  to  be  almost  uniformly  dark, 
with  no  oblique  patch  depending  from  the  costal  margin,  excepting 
such  as  is  indicated  by  a  narrow,  very  oblique,  darker,  abbreviated  bar 
lUst  beyond  the  apex  of  the  cell.  The  hind  wing  would  appear  to  have 
been  darker  beneath  than  the  fore  wing,  showing  large  patches  of  a 
deeper  tint  outside  the  cell  on  either  side,  in  the  basal  third  of  the 
wing. 

In  the  general  projiortion  of  the  wings  Barbarothea  would  appear  to 
be  more  nearly  related  to  Libythea  than  to  any  other  of  the  genera  of 
Libytlieinae,  living  or  fossil,  but  in  the  i)ossession  of  a  tail  or  lobe  to 
the  lowest  median  nervule  of  the  hind  wings  and  of  a  rounded  angnla 
tion  at  the  lowest  inferior  subcostal  nervule  of  the  fore  wing,  it  ap- 
proaches more  nearly  the  African  Dichora.  Possibly  it  may  be  found 
in  both  these  respe(5ts,  as  it  certainly  is  in  the  former,  closer  to  Pro- 
libythea, since  the  actual  outline  of  the  fore  wing  in  that  genus  is 
partly  conjectural,  the  only  8i)ecimen  having  a  broken  tip;  but  the 
absence  of  the  falcation  so  prominent  in  all  recent  Libytheinae  will  be 
remarked.  In  the  origin  of  the  outer  superior  subcostal  nervoles  it 
also  approaches  more  closely  Dichora  than  any  other  genera,  unless  it 
be  again  Prolibythea.  In  the  form  of  the  hind  wing  it  is  unique;  the 
costal  lobe,  however,  closely  resembles  that  of  Prolibythea,  but  the 
extreme  breadth  of  the  wing  asrelattMl  to  its  length  separates  it  widely 
from  that  and  from  all  other  genera  of  LibytheineB.  In  the  structure 
of  the  antennae  it  seems  to  stand  midway  between  Libythea  and  Pro- 
libythea, having  the  slender  form  and  brief  club  of  Prolibythea,  but 
the  abrupter  tip  and  slighter  distinction  between  club  and  stalk, 
which  belongs  to  Libythea.  In  the  brevity  of  the  apical  joint  of  the 
palpus,  however,  we  find  a  marked  departure  from  the  ordinary  con- 
dition of  things  in  Libytheinai,  since  here  only,  in  this  subfamily,  is  tiie 
apical  joint,  though  relatively  longer  than  in  most  butterflies,  shorter 
than  the  middle  joint. 
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BABBABOTKEA  FLOEISSANTI. 
PI.  3,  Figs.  1-.5. 

The  single  specimen  which  has  been  found  shows  the  side  view  of  a 
butterfly  remarkably  well  preserved,  better  preserved,  indeed,  than  any 
known,  with  the  sole  exception  of  Prodryas,  from  the  same  beds.    But, 
unfortunately,  it  is  somewhat  conftised  by  the  mixture  of  veins  and 
markings  of  the  underlying  wings,  the  margins  of  which  do  not  alto- 
gether coincide.    Moreover,  the  stone  upon  which  it  chances  to  be  pre- 
served is  of  much  more  irregular  surface  than  was  the  case  with  Pro- 
dryas, rendering  many  points  obscure  which  one  would  wish  to  see. 
Thus,  though  the  form  of  the  scales,  at  least  upon  the  fringe,  can  be 
determined,  no  striation  is  visible,  and  where  the  wings  have  slipped 
past  each  other  to  a  slight  extent,  the  relation  of  the  nervures  to  the 
margin  can  not  always  be  determined  with  perfect  accuracy.    Both  of 
the  antennsB  are  preserved,  one  perfectly,  as  also  are  the  palpi,  the 
drooping  tongue  and  part  of  the  legs.    The  length  of  the  body  is  only 
faintly  and  probably  indicated  by  the  discoloration  of  the  surface. 
The  fore  wings,  the  outline  of  which  where  overlapped  by  the  hind 
wing  is  not  everywhere  altogether  clear,  have  the  costal  margin  very 
regularly  and  gently  convex,  falling,  however,  with  greater  rapidity 
ust  before  the  apex.    The  outer  margin  is  slightly  produced  in  the  sub- 
costal region  in  a  broad  swelling  between  the  tip  of  the  subcostal 
nervule  and  of  the  uppermost  median  nervule;  below  this  the  outer 
margin  is  not  clear.    In  the  hind  wing  the  costal  margin  is  altogether 
as  in  Prolihytkea  vagahunda^  except  that  the  apical  lobe  is  less  pro- 
nounced; there  is  no  such  emargination  of  the  outer  border  at  the  ex-  . 
tremity  of  the  costo-subcostal  interspace,  the  outline  between  the  tips 
of  the  costal  nervure  and  the  lowest  median  nervule  being  almost  the 
segment  of  a  circle,  apart  from  the  slight  and  regular  crenulation  of 
the  wing;  this  crenulation  is  most  marked  in  the  lobe  next  the  anal 
angle,  and  is  everywhere  produced  by  the  slight  projection  of  the  tips 
of  all  the  nervules;  but  the  tip  of  the  lowest  submedian  nervule  appears 
to  terminate  in  an  emargination  and  not  a  projection  of  the  boi*der. 
The  sketch  of  the  neuration  (Fig.  1)  represents  the  wing  precisely  as 
it  appears  upon  the  stone,  but  as  a  vein  is  plainly  seen  running  to  the 
tip  of  the  prominent  lobe  below  this,  it  is  perfectly  plain  that  here  the 
nervure  of  one  wing  and  the  border  of  another  underlying  it  are  de- 
lineated.   It  seems,  however,  nearly  impossible  to  distribute  the  two 
quite  properly  from  the  specimen,  and  it  has  accordingly  been  drawn 
in  this  way  to  call  attention  to  this  point  in  future  specimens  that  may 
be  obtained.    The  markings  of  the  wing,  as  stated  above,  under  the 
generic  description,  are  altogether  obscure,  with  very  slight  excepticms, 
but  it  is  impossible  to  mark  definitely  the  limits  of  the  various  darker 
clouds;  they  are  best  shown  by  reference  to  the  plate.    The  antennsB 
are  composed  of  about  forty-four  joints,  of  which  eleven  or  twelve  form 
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.  a  very  slightly  enlarged  club,  which  in  oul}'  a  little  more  than  half  as 
broiid  again  as  the  stalk.  The  whole  club  hIiows  the  separation  of  the 
naked  surface  from  that  covered  by  the  scales  in  a  very  remarkable 
manner,  as  is  shown  best  in  Fig.  3,  where  it  is  most  enlarged;  and  this 
drawing  also  shows  equally  well  the  three  slender  earinse,  extending 
not  only  upon  the  club,  but  upon  the  stalk  as  well,  certainly  tlirough- 
out  its  whole  apical  half,  and  probably  throughout  the  whole;  the 
joints  of  the  club  are  nearly  half  as  broad  again  as  long,  while  the  pro- 
portions of  those  of  the  stalk  are  reversed  to  almost  exactly  the  same 
degree.  The  basal  and  middle  joints  of  the  palpi  are  furnished  abund- 
antly with  moderately  long,  stiff,  projecting  hairs,  which  are  directed 
forward,  while  on  the  apical  joint  these  are  entirely  absent,  excepting 
at  the  extreme  base,  or  better  may  be  described  as  entirely  recumbent. 
It  would  appear  to  be  somewhat  doubtful  which  of  the  legs  are  repre- 
sented upon  the  stone.  One  pair  is  shown,  one  of  them  inqierfectly, 
the  other  almost  complete,  which  would  be  regarded  as  the  front  pair  but 
for  their  excessive  length.  They  are  simple  and  normal  in  structure 
throughout  and  abundantly  and  almost  equally  clothed  with  fine  and 
crowded  spines  upon  the  under  surface  throughout  the  tibia  and  tarsi. 
The  dark  portion  seen  between  the  base  of  these  legs  and  the  tip  of 
the  slender,  ra^.her  brief  tongue  can  not  be  regarded  as  a  pafr  of  legs, 
but  only  as  the  clothing  of  the  chest. 

Length  of  body  (doubtful),  including  the  palpi,  2G  millimeters;  last 
joint  of  pali)i,  2*5  millimeters;  middle  joint,  3'2o  millimeters;  antenme, 
12  millimet(*Ts;  club  of  same,  3*5  millimeters;  width  of  stalk,  0-25  milli- 
meters; of  club,  0-4  millimeter;  length  of  tongue,  5  millimeters;  length 
of  fore  wing,  28*5  millimeters;  breadth  of  fore  wing,  16*5  millimeters; 
expanse  (estimated),  Gl  millimeters;  length  of  hind  wing,  22  milli- 
meters; breadth,  21-5  millimeters;  length  of  (middle!)  tibije  and  tarsi, 
G-5  millimeters. 

Florissant.    One  specimen;  S.  H.  Long. 

HYMENOPTERA~TENTHREDINID>E. 

ATOCUS  (Uroxoq)  gen.  nov. 

In  its  slender  parallel-sided  form  this  genus  has  all  the  aspect  of  a 
Sirex,  but  not  only  is  there  no  extension  of  the  prothorax,  but  the 
large  head  is  closely  appressed  to  the  thorax.  The  head  is  large, 
rounded  subtriangular,  broadest  posteriorly.  The  ocelli  are  appar- 
ently only  two  in  number,  rather  large,  situated  just  at  the  inner  base 
of  the  antenuje;  these  are  fourteen-jointed,  the  lirst  joint  very  large, 
twice  as  stout  as,  and  very  much  longer  than  the  succeeding,  which  are 
simple,  longer  than  broad,  and  continually  diminish  in  size.  Wings 
with  two  marginal  cells,  separated  almost  beneath  the  middle  of  the 
stigma;  four  submarginal  cells,  the  first  small  and  nearly  circular,  the 
remainder  widening  and  enlarging  outwardly,  and  excepting  the  apical 
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mucli  loufjer  tluiu  broad;  first  diacoidal  cell  hexagonal,  about  as  long 
as  broad,  and  but  little  larger  than  the  first  submarginal  cell;  second 
discoidal  cell  of  exceptional  shape,  being  oblique  and  much  higher 
than  long,  its  inner  margin  beneath  the  middle  of  the  first  discoidal 
cell,  while  the  third  brachial  cellule  thus  made  of  unusual  length  is 
partially  or  completely  divided  into  two  nearly  equal  parts  by  a  spuri- 
ous veinlet  from  the  vein  above,  somewhat  as  in  Cephaleia. 

Except  for  the  simple  antennae  this  curious  genus  seems  to  have 
some  relatiojiship  to  the  oriental  Tarpa,  and  I  can  not  find  anything 
nearer  to  it  unless  it  be  Cephaleia.    It  is  a  striking  form. 

A  single  species  occurs  at  Florissant. 

ATOCUS    DEPESSUS. 
PI.  1,  Fig.  5. 

The  whole  body  is  uniformly  dark,  the  wings  without  markings  ex- 
cept the  fusco-fuliginous  stigma;  the  antenna'  are  about  half  as  long 
again  as  the  width  of  the  head,  and  beyond  the  first  joint  taper  so  as 
to  be  abotit  half  as  broad  at  apex  as  at  second  joint;  the  outer  is  about 
twice  as  long  as  tlie  inner  marginal  cell  which  lies  wholly  beneath  the 
stigma,  and  is  about  as  broad  at  base  as  at  apex ;  the  first  submar- 
ginal cell  on  the  other  hand  lies  almost  wholly  before  the  stigma,  and 
has  as  much  an  appearance  of  belonging  to  the  marginal  as  to  the  sub- 
marginal  series;  the  cross  veins  at  the  outer  sides  of  the  first  sub- 
marginal  and  first  and  second  discoidal  cells  form  a  pretty  regular  zig- 
zag across  the  middle  of  the  wing. 

Length  of  body,  10*5  millimet<?rs ;  antennae,  3'25  millimeters;  fore 
wings,  7 '5  millimeters. 

Florissant,  Colorado.    One  specimen.  No.  11983. 
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EXPLANATION  OF  PLATE  L 

Fig.  1.  Stenogomphus  carletoui;  ?. 

2.  Trichocnemis  aliena;  f . 

3.  Cicada  grandiosa;  f. 

4.  Carabites  exanimuB;  f 

5.  Atocus  defesHUB  ;•  antenna,  much  enlarge*!. 

6.  Aiocus  defessus,  complete;  f. 
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EXPLANATION  OF  PLATE  H. 

Fig.  1.  Paloestrns  oligocenns,  body  and  wings;  ?. 

2.  Noeotetocas  marcovi ;  f . 

3.  The  same,  the  anteimjo  further  cularged;  V. 

4.  PaloDstriiB  oligocenua,  basal  joint  of  abdomen  and  leg;  f, 

5.  Mycetopho^tuB intermedium;  f. 
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EXPLANATION  OF  PLATE  III. 

Fig.  1.  Barbarothea  florissanti,  outline  and  nenration  in  the  position  in  which  i: 
is  preserved;  f. 

2.  The  same,  its  general  appearance  on  the  stone ;  {. 

3.  The  same,  right  antenna,  mnch  enlarged;  f . 

4.  The  same,  sketch  of  head  and  appendages  except  wings,  enlarged ;  f. 

5.  The  same,  the  neurationi  as  far  as  preserved,  that  of  each  wing  sepi^ 

rated;  f. 
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PREFACE. 


In  the  following  pages  I  have  brought  together  snch  of  my  experi- 
ments on  the  viscosity  of  solids  as  have  an  immediate  bearing  on  the 
molecnlar  mechanism  by  which  viscous  motion  in  solids  is  promoted. 
The  bidletin  is  therefore  a  continuation  of  the  previous  publication 
(Bulletin  73),  in  which  the  phenomenon  of  viscosity  was  considered 
more  particularly  with  reference  to  its  physical  manifestations.  Most 
of  the  chapters  of  the  present  work  are  short,  and  a  preliminary  survey 
of  the  work  done  can  be  expeditiously  made  by  consulting  the  table  of 

contents. 

C.  B. 
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THE  MECHANISM  OF  SOLID  VISCOSITY. 


By  Oabl  Babus. 


CHAPTEE  I. 

TENSILE,  DRAJVN,  AND   OTHER  STRAINS  IN  THEIR  BEARING  ON 
MAXWgLL'S  THEORY  OF  VISCOSITY. 

INTBODUOTOBY. 

1.  It  is  known  that  the  eflTect  of  drawing  metallic  wires  through 
a  draw-plate  is  a  marked  decrease  of  the  viscosity  of  the  originally  soft 
metal.  The  diminution  increases  with  the  intensity  of  Strain  imparted. 
It  is  not  so  well  known  that  the  viscous  effect  of  a  tensile  strain  applied 
in  any  degree  to  the  same  originally  soft  metal  is  after  straining  almost 
nil  in  comparison.  Kohlrausch^  and  his  pupils,  Streintz*  and  others, 
more  recently  and  in  extensive  researches  Mr.  Herbert  Tomlinson,^ 
have  occupied  themselves  with  these  phenomena.  The  results  of  these 
observers  are  in  general  accord,  and  agree  well  enough  with  my  work 
that  special  publication  of  new  data  mfght  appear  superfluous.  Never- 
theless, as  steel  has  been  but  sparingly  dealt  with,  and  as  results  fitting 
at  once  into  my  diagrams  are  essential  to  my  purpose,  I  have  found  it 
desirable  to  communicate  them.  Apart  from  these  considerations  the 
observations  which  I  need  must  be  made  with  minute  reference  to  Max- 
welPs  theory.    In  this  respect  the  earlier  work  is  seriously  lacking. 

The  striking  difference  in  the  permanent  viscous  effect  produced  by 
the  action  of  the  two  strains  is  particularly  surprising,  because,  the 
strains  are  imparted  by  mechanical  processes  not  altogether  dissimilar. 
The  action  of  wire-pulling,  however,  accompanied  as  it  is  by  surface 
compression  as  well  as  longitudinal  extension,  is  conducive  to  the  per- 
manent retention  of  high-strain  intensities,  because  it  imparts  to  the 
wire  an  arched  structure.  In  steel,  at  least,  there  is  a  dense  shell  sur- 
rounding an  unusually  rare  core  in  such  a  way  that  the  density  of  the 

>  Kohlraosch's  origindl  and  fimd«mental  researches  are  given  In  my  earlier  papers.    Here  I  need 
refer  only  to  Schroeder,  Wied.  Ann.,  vol.  28, 1888, p.  354. 

*  Streiniz,  Pogg.  Ann.,  vol.  153, 1874,  pp.  395, 306, 411. 

*  H.  Tomlinson,  Phil.  Trans.,  1886,  vol.  2,  pp.  801  to  837.    The  variety  of  strains  and  metals  examined 
in  this  paper  give  it  anlquo  value  as  regards  the  sal\)eot  of  the  present  section. 
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18  THE   MECHANISM    OF   SOLID   VISCOSITY.  [buluH. 

whole  mass  is  materially  lessened.*  Conditions  favorable  to  the  reten- 
tion of  high-strain  intensities  are  also  conditions  favorable  to  the 
occurrence  of  molecular  instability.  Hence  the  marked  loss  of  vis- 
cosity of  a  drawn  wire,  as  compared,  caet.  par.,  with  a  soft  wire.  This 
premised,  it  appears  that  in  the  case  of  a  wire  hardened  by  simple  ti-ac- 
tion  the  strain  retained  afber  traction  is  of  insufficient  intensity  to  be 
accompanied  by  marked  molecular  instability.  More  rigorously :  if  the 
wire  during  traction  has  experienced  a  strain  S,  which  strain  after  the 
tensile  stress  is  withdrawn  diminishes  to  S'  (S>S'),  then  the  wire  need 
exhibit  no  change  of  viscous  quality.  For  in  the  above  cases  of  ther- 
mal annealing  and  torsional  motional  annealing  (§§  2^  9),  the  greater 
tensile  strain  S,  supposing  its  action  sufficiently  prolonged,  has  wiped 
out  all  motional  instability  for  strains  S'<S5  so  it  follows  here  that  to 
evoke  viscous  deformation  by  aid  of  tensile  strains,  the  wire  must  be 
examined  during  traction,  and  preferably  under  conditions  of  strain 
near  the  limit  of  rupture. 

APPARATUS. 

2.  The  apparatus  used  in  these  experiments  is  shown  in  Fig.  1,  in 
which  ah  and  cd  are  the  two  steel  wires  to  b^  counter-twisted.  The 
system  is  fastf^ned  above  and  below  to  two  massive  torsion-circles,  A 
and  B,  respectively.  The  inner  ends  of  the  wires  are  joined  by  a  strong 
brass  rod  &c,  carrying  a  symmetrical  circular  platform  near  the  lower 
end,  on  which  the  lead  scale- weights  0  C  C,  etc.  (4  kilos,  to  5  kilos. 
ea<;h)  may  be  supported.  In  .order  to  facilitate  quick  work,  the  con- 
necting rod  he  is  provided  with  a  pair  of  cross- vanes,  D,  D',  submerged 
in  the  water  contained  in  an  annular  trough, /j^t^/'^^'i'A'.  Finally,  the 
mirror  m  adjustably  attached  to  the  rod  be  (readings  by  telescope  and 
scale)  indicates  the  difference  of  viscous  motion  of  the  two  wires  in 
consequence  of  a  fixed  rate  of  twist  stored  between  A  and  B.  I  may 
add  that  the  rod  be  can  easily  be  chosen  light  enough,  compatibly  with 
strength,  to  introduce  no  viscous  effect  of  its  own. 

DATA  FOB  DRAWN  WIEES. 

3.  The  data  to  test  the  above  are  given  in  the  following  tables,  of 
which  Nos.  1,  2,  3  exhibit  the  behavior  of  some  drawn  steel  wires.  In 
each  case  the  comparison  is  made  with  my  ste^  normal  No.  15  (the 
lower  wire  in  Fig.  1,  An.  450°  and  twisted  to  pernianent  viscous  quali- 
ties). The  drawn  wire  in  Table  1  is  in  the  moderately  resilient  bright 
commercial  state,  very  soft  to  the  file.  The  wire  in  Table  2  has  been 
drawn  down  &om  a  larger  diameter  and  the  same  state  of  hardness  to 
an  extreme  of  brittle  resilience.  The  wire  of  Table  3  finally  was  first 
softened  by  heating  to  redness  in  air  and  then  drawn  down  to  brittle 
resilience.    Dimensions  are  given  in  the  tables,  p  being  the  radius  and  I 

1  Of.  Baxxmelster:  Dissert.,  Wttrzbarg,  1888. 
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and  V  the  lengths  of  the  wires.  L=:l  +  l\  The  impressed  rate  of  twist 
in  radians  is  given  under  r.  -The  observed  permanent  torsion  is  2(^+^')- 
e  and  ^'  are  the  temperatures  of  the  drawn  and  normal  wires  respec- 
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Fig.  1.— Apparatus  for  comparing  viscous  deformations. 

tively.  The  former  is  constant,  the  latter  {$')  at  first  30^,  and  then 
100^;  so  that  the  examination  is  made  at  two  temperatures,  in  order 
to  compare  corresponding  viscous  effects  of  the  drawn  strain  and  of 
temper.  As  will  be  more  fully  shown  below,  §  5,  T  +  2(9)  +  /(=27r/X, 
and  (f  —  v>') A  18  *^^  viscous  deformation  indicated  by  the  mirror,  per 
unit  of  length  of  system,  per  unit  of  t.  It  must  be  borne  in  mind  {cf. 
§  13)  that  (v>  —  (p')lT  is  a  ftinction  of  r,  for  which  reason  the  same  rate  of 
twist  is  applied  to  the  wires  throughout  5  applied,  moreover,  positively 
and  negatively  for  each  value  of  0',  Finally,  after  testing  the  wire  in 
the  drawn  state,  it  was  softened  by  heating  to  redness  in  air  and  again 
tested.  In  this  case  viscous  motion  at  the  mirror  nearly  ceases,  thus 
affording  an  excellent  check  on  the  validity  of  the  experiments. 
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Table  U-^VUcoHty  of  hard-^rawn  Bteel  unre  compared  with  mo/L 
2f»=:082cm.;  L=<-H2'=30oin. -H30cm. 


Same  wire  annealed  at  red  heat  in  air. 

0 
0' 

T 

2(0+*') 

Time. 

♦-*'v,n. 

T       t 

2(0+00 

Time. 

*:*'xio. 

h.  m. 

A.m. 

30 

+  1041 

1  36 

ao 

+  1034 

308 

30 

38 

•00 

30 

10 

+  -00 

39 

108 

11 

•10 

44 

3-33 

13 

•07 

-♦-•0037 

48 

4-43 

+  •0014 

16 
20 

•10 

30 

—  OWO 

1  51 

30 

—  1019 

322 

30 

53 

—  -00 

30 

24 

+  00 

54 

-101 

25 

-00 

56 

— 2-36 

27 

•03 

50 

-3-58 

30 

■07 

-•0058 

63 

-4-61 

-•0028 

34 

•07 

100 

+  •0989 

2  24 

1 

100 

+  1047 

4  00 

30 

26 

•00' 

30 

02 

•00 

27 

2-^  1 

03 

•33 

29 

6-53  1 

05 

•78 

32 

10-23 

08 

1-31 

+  0058 

36 

13-60 

+  •0000 

12 

1-44 

100 

—  09^ 

2  39. 

100 

—1004 

4  13 

30 

41 

•00 

30 

15 

—  •00 

42 

303 

16 

—  •33 

44 

707 

18 

-•88 

—  -0116 

47 

1077  ; 

—  •0043 

21 

1-65 
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Tabus  2.— Fwcoaify  of  hard-drawn  nUd  wire  compared  wiik  soft. 
2p=-082cm.;  L=s2+{'s=30oni.+80cm. 
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Wiredrawn  (2p=-L3cin. 
very  resilient. 

to  -08  cm.) 

Same 

wire  annealed  at  red  beat  in  air. 

T 

Time. 

V'xio- 

• 

»' 

T 

2(^+^0 

Time. 

♦;*'xi«. 

h,m. 

h.m. 

30 

+  ^50 

5  62 

80 

—  •1019 

132 

80 

64 

•00 

80 

34 

56 

4-37 

86 

~-00 

67 

1010 

87 

—  13 

60 

15-68 

40 

—  •17 

^ 

68 

10-46 

—  •0028 

44 

-•20 

+  ■0087 

680 

84-47 

30 

—  •0916 

682 

80 

+  1034 

1  45 

30 

84 

—     00 

80 

47 

+  •00 

85 

—  4-72 

48 

•10 

87 

—10-50 

50 

•It) 

40 

—1616 

58 

•15 

—  •0181 

44 

—20-88 

+  •0014 

67 

•21 

100 

+  SJ916 

662 

100 

—  •1019 

2  00 

30 

53 

•00 

30 

02 

-   00 

W 

16-80 

03 

—  •47 

56 

27-30 

05 

—  ■91 

56 

34^50 

08 

-1-28 

+  0131 

56-7 

3905 

-•0028 

12 

100 

—  •0873 

658 

Acci 

dent. 

30 

—  •0175 

59 
60 
61 
62 
63 

-    -00 
-16-80 
—26-30 
—33-70 
—39-40 
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Tablb  S.—  VUeonty  of  hard-drawn  steel  wire  compared  totf*  tofU 
2p = '062 ;  {={'=cm. :  $=B'  30^.    Wire  drawn  (2p=  '13  to  -08  cm.)  very  resilient. 


(2*+*0 

Time. 

10»X(*-f)/T 

2(*+«0 

Time. 

10iX(*-^)/T 

K  m. 

h.  m. 

+  •009 

3  40 

+  •099 

5  17 

41 

•00 

18 

*  -CO 

42 

8-77 

19 

2-83 

43 

6*39 

20 

4-44 

44 

8'80 

21 

6-80 

45 

0'80 

22 

6-80 

46 

1110 

23 

7-70 

+  •006 

47 

12-20 

24 

8-40 

* 

+  •006 

25 

9'10 

-•o» 

5  02 

—  099 

535 

'  04 

—    -00 

36 

—   00 

05 

—  2-70 

37 

—2-35 

06 

—  4-65 

38 

—3-77 

07 

—  606 

-   40 

—5-80 

' 

08 

—  7-35 

-•006 

45 

-8-90 

00 

—  8-40 

+  •099 

5  46 

10 

—  9-30 

47 

■00 

—  090 

12 

— 10-90 

48 
49 
50 
52 

210 
886 
4-30 
5-73 

+  •006 

56 

7'70 

In  Table  4  I  give  results  for  the  viscous  effect  of  moderate  values  of 
tensile  strain  on  a  plan  identical  with  the  above.  The  pull  on  the 
strained  wire  (the  normal  being- ISTo.  15)  is  indicated  in  the  first  column 
in  kilogrames.  The  maximum  pidl  which  these  wires  will  bear  was 
computed  to  be  between  30  kilos,  and  50  kilos.  It  was  found  to  be  45 
kilos,  in  isome  cases  erperimentally.  Inasmuch  as  I  here  apply  8*4 
kilos.,  the  pull  applied  is  17  per  cent  to  25.per  cent  of  the  load  producing 
rupture. 
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Table  4. — Viicmts  effect  of  moderate  traction. 
Soft  steel  wire.    2p  =  082  cm. ;  J=l'=30  cm.  j  •=rr=30«>i  t=  "100. 


Pull. 
KUoM. 

Time. 

10»X(^-«')/r 

PaU. 

Time. 

10»X(*-«0/T 

h.vi. 

KtloB. 

h.m. 

0 

6  13 

;               4-8 

559 

15 

•00 

6  01 

•00 

17 

•03 

03 

•07 

^ 

•10 

06 

-•07 

24 

•13 

10 

—  •18 

29 

■17 

23 

—  •27 

1 

35 

•18 

1 

31 

—  •40 

2-4 

5  30 

•00 

8-4 

6  32 

37 

•07 

47 

•00 

38 

•13 

7  09 

-•27 

40 

•23 

23 

-•27 

43 

•23 

2100 

—  •07 

48 

•27 

52 

•40 

56 

The  results  of  Tables  1,  2,  and  3  clearly  show  the  marked  influence 
of  the  drawn  strain  in  effecting  diminution  of  viscosity.  Wires  drawn 
only  moderately  resilient  are  of  the  same  low  order  of  viscosity  as  glass- 
hard  wires.  Again,  if  the  wires  are  drawn  very  resilient  the  reduction 
of  the  viscosity  of  the  originally  soft  wire  is  enormous.  To  eliminate 
the  effect  of  different  degrees  of  softness,  I  als<5  drew  down  a  wire  after 
heating  in  air  (Table  3).  The  results  are  in  accord  with  Tables  1 
and  2. 

Some  insight  into  these  results  is  expeditiously  obtained  by  con- 
structing tangents  at  like  time-points  of  the  curves.  This  is  approxi- 
mately done  in  the  small  summary  following  (Table  5),  by  subtracting 
the  values  of  (<p—(p')/T  for  the  beginning  and  end  of  the  second  minute 
after  twisting.  Similar  values  for  stretched  wire  are  given  in  the  last 
two  columns,  kg.  denoting  the  load. 

Table  5. — Digest  for  the  hard  and  soft  tvires  in  Tables  1,  ^,  5,  and  4, 


9 

r 

Drawn. 

Soft.           1 

0 

T 

Dra-wn. 

Soft. 

A*~*'X10. 

^—^  X  10' 

A-^-'xlO'    1  A^^'xlO* 

30 
80 

100 
100 

1    +       1-4- 

108 
.       —1-01 

283 
—303 

•10 
.   --00  1 

•33 
-33 

30       -H  •lO 
30       —09 

100       +  09 

100  ,     —-00 

1 

4-37 

-4-72 

10-50 
—  9-50 

•00 
—  •10 

•47 
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Tabus.  5. — Digest  for  the  hard  and  soft  ioires  in  Tables  1,  S,  S,  and  4 — Continaed. 


B 

T 

Drawn. 

k«. 

r 

Stretcbed. 

A^— X10« 

_  i 

80 
30 
30 
80 
80 

+  •10 
—  •10 
+  10 
-10 
+  •10 

+2-62 
-2-70 
+1-61 
-1-42 
+1-26 

0 
2-4 
4-8 
8-4 

•10 
•10 
•10 
•10 

+  -08. 

From  this  table  the  small  effect  of  traction  in  case  of  load^  below 
25  per  cent  of  the  breaking  stress  is  specially  manifest;  an  effect  negli- 
gible in  comparison  with  the  diminution  of  viscosity  due  to  the  drawn 
Mtrain.  For  the  sake  of  orientation  I  may  assume  that  corresi)ondiiig 
values  of  A(^ — ^')/t  for  glass-hardness  would  at  30^  be  about  1/10^  to 
2/10' — that  is,  about  equal  to  this  quantity  in  the  case  of  a  moderately 
resilient  wire?  In  general,  the  results  for  the  drawn  strain  both  at  30° 
and  at  lOQo  corroborate  and  accentuate  the  results  already  obtained 
for  temper^,  so  that  the  further  discussion  can  be  made  as  in  my  earlier 
papers,  and  may  be  waived  here.  I  add  only  that  the  effect  of  drawing 
incase  of  steel  is  a  decrease  of  the  density  of  the  soft  metal;  for  in- 
stance, 

^  B  C 

7-76  7-72  7-68 

7-72  7-64  7-64 

7-80  7-73 


Bods. 

Originally  soft  .  .  . 
Drawn  very  resilient  . 
Softened  after  drawing 


It  appears  that  in  this  respect  also  the  drawn  strain  and  temper  are 
similar. 

DATA  FOR  STBETCflED  WIBES. 

4.  Returning  to  the  case  of  simple  traction,  the  changes  of  sign  of 
{9—9')h  suggesting  increase  of  viscosity  for  loads  slightly  greater  than 
5  kilos.,  indicate  that  here,  as  in  the  case  of  motional  annealing  due  to 
torsion,  the  initial  effects  are  an  increase  of  viscosity.  Kevertheless, 
the  obscurely  small  viscous  variations  due  to  traction  do  not  admit  of 
interpretation,  unless  supplemented  by  data  for  very  much  larger  loads. 
Again,  it  is  desirable  and  quite  feasible,  by  aid  of  the  apparatus  dis- 
cussed above,  to  operate  cyclically  5  in  which  case  the  results  must  be 
such  as  to  bear  on  the  lag-quality  of  solids  under  stress. 

In  the  following  table  (6)  I  have  therefore  inserted  some  data  for 
larger  pulls.  Traction  increases  successively  as  far  as  90  per  cent  of 
the  breaking  stress.  It  will  be  superfluous  to  give  more  than  a  few 
typical  examples;  and  the  tables  can  be  further  abbreviated,  because  in 
the  stress-decreasing  phase  of  the  cycles  the  viscous  effect  of  loads  P 


1  PhU.  Mag.,  6tli.  ser.,  vol.  26, 1888,  p.  205  et  seq.,  cf.  BuU.  U.  S.  6«ol.  Sott.  Ko.  78,  ChAp.  m,  180L 


Digitized  by  LjOOQIC 


DASUS.] 


VISCOSITY   OF   CYCLICALLY   STRETCHED   STEEL. 


25 


below  the  maximum  employed  is  nil,  §  1,  and  therefore  sufficiently- 
given  by  the  final  load  zero.  To  retain  a  fixed  rate  of  torsion,  t,  it  is 
necessary  to  twist  the  wires  anew  after  each  of  the  larger  loads  ^  in 
other  w#rd8,  to  bring  back  the  same  scale-division  into  the  telescope  at 
the  outset  of  each  experiment.  Otherwise  the  torsion  seriously  de- 
creases in  consequence  of  the  rapid  viscous  deformation  of  the  loaded 

wire. 

Table  6.— Kmooim  effeoi  of  oyelio  traction.  ' 


Soft  steel.    2p= 

•OSlcentimoten;  I 

==  I' =  -30  centimeters. 

p 

T 

Time. 

♦7*'xio. 

P 

T 

Time. 

^^'xio» 

Kg. 
0 

Bad. 
-10 

h.  m. 

11  31 
33 
40 
51 

Bad, 

+  -00 
-f2-16 
43-35 

Kg. 
0 

Bad. 
+  •13 

k.m. 

10  22 
28 
31 
36 
44 

Bad. 

•00 
•00 
•00 
•19 

9 

18 

—  10 

11  52 
53 
56 
59 
64 

+  •00 
+  .^ 
+  -45 
+  -52 

9 

+  13 

10  45 
46 
49 
52 
55 

•00 
•38 
•55 
•63 

-10 

n  64 
67 
71 
83 

•00 

-  12 

—  -37 

18 

+  •18 

10  56 
59 
61 
65 

68 

•60 
•05 
•08 
•12 

27 

—  10 

12  24 
27 
30 
37 

—  -00 

—  -87 

—  -48 

27 

+  13 

11  09 
10 
13 
16 
19 

•00 

•46 

•78 

1^04 

•00 
1^90 
3-37 
4-61 

36 

—  •10 

12  39 
40 
46 
53 

-   00 
-1-64 
-2-53 

36 

+  •13 

1120 
21 
24 
27 
30 

40 
40 

—  10 

12  53 
55 
60 
65 

78 

•00 
-2-98 
—507 
—9-62 

40 

+  •13 

11  31 
34 
36 
38 
41 

•00 
271 
4^84 
7^68 

(*) 

1  22 
23 
25 
27 
30 

(^-^')X16« 
—      0 
-1440 
—1750 
-2120 

0 
0 

+  •13 

1142 
45 
50 
60 

•00 
•09 
•09 

40 
0 

(*) 

1  32 
85 
37 
39 

—      0 
-200 
^390 

+  •13 

12  01 
04 
09 
13 

•00 

—  18 

—  •27 

(*) 

1  51 
62 
55 

3  30 

•00 
+   -30 
+110 

*  Twisted  again.. 
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Table  6. —  Viaoout  effect  of  cyclic  traction — Cou tinned. 
Soft  steel.    2p  s  -081  oentimeten ;  I =Z'  =  30  oeniimeten. 


[BOU^M. 


p 

T 

Time. 

^XW 

P 

T 

Time. 

^X10» 

Kff. 

Had. 

A.  m. 

Bad, 

Kg. 

JBa<f. 

h.m. 

Rod. 

20 

+   13 

12  14 

38 

+  13 

12  45 

15 

•00 

47 

-00 

18 

•00  ' 

50 

X-53 

22 

•05  ; 

53 

267 

24 

•07, 

58 

379 

28 

•09 

60 

5^21 

29 

+  •13 

12  30 

42 

+  13 

1  01 

31 

•00  , 

04 

•00 

33 

•11  1 

07 

91 

36 

•26 

16 

14-9 

40 

•33 

13 

19-8 

44 

•44 

17 

251 

Wire  breaks  at  P  = 

=  46  kg. 

In  adding  the  successive  loads  care  was  taken  to  avoid  vibration 
and  jarring;  but  without  special  machinery  it  is  impossible  to  protect 
the  system  completely  against  it.  To  this  cause  I  attribute  certain 
irregularities  of  sequence  which  these  and  others  of  my  results  exhibit. 
Their  general  significance  is  none  the  less  definite.  The  effect  of  trac- 
tion is  diminution  of  viscosity,  increasing  at  an  accelerated  rate  in  pro- 
portion as  stress  approaches  the  limit  of  rupture.  Indeed,  by  suflft- 
ciently  increasing  stress,  viscosity  may  be  diminished  in  any  degree 
whatever.  The  singularly  curious  feature  of  these  experiments  is  this : 
that  with  the  removal  of  load  thfe  viscous  eflfect  of  traction  almost  en- 
tirely vanishes.  It  is  in  this  respect  that  the  present  experiments  be^r 
directly  on  the  truth  of  Maxwell's  theory;  for  it  is  only  during  the 
interval  within  which  conditions  favorable  to  molecular  break-up  are 
forcibly  maintained  that  the  wu*es  exhibit  a  low  order  of  viscosity  of  a 
sufllciently  marked  degree  to  compare  with  the  viscous  effect  of  drawn 
strains  and  of  temper,  where  instabilities  are  structurally  retained. 

It  follows,  in  general,  that  slight  applications  of  mechanical  treatment 
(twisting,  traction,  etc.),  inasmuch  as  they  decrease  in  number  the 
motionally  unstable  configurations  of  the  soft  wire,  increase  viscosity 
(motional  annealing).  If  this  treatment  is  intensified  beyond  a  critical 
stage — in  other  words,  if  stress  is  increased  sufficiently  beyond  the  limits 
of  resilience  and  toward  the  limits  of  rupture — ^then  viscosity  is  again 
seriously  decreased.  For  the  action  of  stress  has  now  become  such  as 
to  introduce  its  own  specific  instability,  whereby  viscous  deformation 
is  again  promoted. 

INFERENCES, 

6.  Having  thus  substantiated  the  remarks  of  §  1,  and  shown  that  the 
accordant  results  of  the  earlier  observers  and  my  own  are  such  as  fol- 
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low  naturally  from  Maxwell's  theory,  it  is  expedient  to  give  a  graphic 
representation  of  the  more  important  differential  data  (i.  e.,  differences 
between  strained  and  soft  metal  for  each  case  of  stress)  in  hand.  In 
figure  2  the  viscous  deformation  (f — f  OA)  produced  by  the  action  of 
a  fixed  rate  of  twist  r,  is  represented  as  ordinate,  time  as  abscissa. 
The  material  is  steel,  the  originally  soft  state  of  which  has  been  trans- 
formed by  temper  (glass-hardness),  di*awn  strain  (wire-plate),  tensile 
strain,  and  torsion  respectively.  Curves  are  given  for  intense  values 
and  for  moderate  values  of  stress.  The  nature  of  the  problem  pre- 
cludes greater  deflniteness  as  te  stress  data.  In  case  of  .traction  in- 
finitesimally  below  the  i)oint  of  rupture,  for  instance,  viscous  deforma- 
tion would  occur  with  such  extreme  rapidity  that  its  diagrammatic 
representation  would  be  a  vertical  line. 

Again,  in  case  of  traction  of  sufficiently  small  value,  the  curve  would 
be  a  horizontal  line  coinciding  with  "soft,'' or  even  a  curve  below  it 
(motional  annealing).  In  a  measure  this  is  true  of  the  other  strains; 
and  I  havd  therefore  expediently  inserted  the  values  for  deformations 
ac^/Ually  found. 

The  general  outcome  of  the  present  paper  is  this,  that  the  effect  of 
strain  of  whatever  kind,  applied  in  sufficient  intensity  to  homogeneous 
soft  steel,  is  marked  diminution  of  viscosity.  Again,  inasmuch  as  the 
underlying  cause  of  viscous  deformation  is  the  occurrence  of  unstable 
configurations  the  number  of  which  is  being  reduced  in  the  course  of 
viscous  motion,  Maxwell's  theory  naturally  suggests  the  applicability 
of  exponential  equations  for  the.  description  of  the  time  relations  of 
such  motion.  From  another  point  of  view  it  appears  that  the  loss  of 
viscosity  experienced  by  a  given  metal,  under  action  of  a  given  kind 
of  strain,  may  not  inappropriately  be  used  as  a  measure  of  its  intensity. 
Finally,  the  cucious  observation,  that  in  all  the  cases  given  loss  of  vis- 
cosity  has  taken  place  simultaneously  with  increase  of  hardness,  is  one 
of  the  suggestive  results  of  the  experiments  made. 

Quite  recently  Auerbach,  *  in  applying  a  jnethod  for  the  absolute 
evaluation  of  hardness  due  te  Hertz,  has  shown  that  hardness  and 
elasticity  are  associated  quantities,  i.  e.,  quantities  between  the  cor- 
resi>ondiiig  variations  of  which  a  close  agreement  is  maintained  irre- 
spective of  the  body  operated  on.  Hence  the  above  results  show  a 
ftindamental  distinction  between  viscosity  and  elasticity. 

From  experiments  made  on  the  behavior  of  iron  in  passing  through 
the  temperature  of  recalescence  Osmond*  was  led  te  conclude  that 
all  the  phenomena  of  hardness  are  due  to  a  second  or  fi  variety 
of  iron.  This  fi  iron  may  be  formed  from  ordinary  or  a  iron,  either 
spontaneously  by  heating  above  a  certain  high  temperature,  below 
which,  however,  it  is  unstable  and  passes  back  to  a  iron  on  cooling 

>  Aoerbach :  Wied.  Ann.,  vol.  43,  1891,  p.  61.    Other  references  are  there  given. 
'Oamond:  AxmalMdes Mines,  July- AugQSt,  1888,  "Introduction,"  and  eltie where.    Cf.  Bull.  U.S. 
Qtol,  Sorr.  No.  73,  p.  61, 1891. 
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except  under  certain  conditions,  or /9  iron  maybe  formed  artificialh 
by  the  action  of  pressure  of  any  kind  applied  below  the  critical  ten 


Fig.  2 — Time  variatioii  of  viscoas  deformatioii,  in  case  of  soft  steel  traosfoTmed  by  temper,  d 
straio,  traction,  and  torsion,  respeotively.    The  abscissa  represents  the  soft  or  unstrained  wire. 

perature  in  question.    The  presence  of  carbon  (steel)  and  rapid  cooling 
is  specially  favorable  to  the  production  of  fi  iron,  and  the  presence  of 
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this  substance  manifests  itself  in  the  resulting  hardness  of  the  metal. 
Now  it  is  to  be  observed  that  the  above  observation  on  the  similarity 
of  viscous  effects  of  all  kinds  of  strain,  whether  tempered  or  mechan- 
ically applied,  is  in  harmony  with  Osmond's  theory.    Again,  the  ac- 

^  knowledged  instability  of  ^  iron  at  ordinary  temperatures  supplies  the 
requisite  unstable  configurations  in  virtue  of  which,  following  Max- 
welFa  theory,  viscosity  is  reduced.    This  theory  of  Osmond,  however, 

-  either  proves  too  much  or  it  is  a  suggestive  working  hypothesis  relative 

'  to  th^  behavior  of  other  metals.  For  the  results  of  Streintz,  Tomlin- 
son,  and  myself,  cited  above,  show  that  in  most  if  not  all  metals  vis- 

.  cosity  is  reduced  by  the  presence  of  marked  intensity  of  mechanical 
strains.  Certainly  metals  are  capable  of  being  hardened  by  traction, 
the  draw  plate,  torsion,  etc.,  although  no  phenomenon  corresponding 
to  Gore's  phenomenon  in  iron  has  been  observed.  Osmond's  theory  of 
a  change  of  molecule  of  iron  by  mechanical  action  therefore  calls  for 
experiments  relative  to  the  definite  discovery  of  the  a  and  ^  varieties  of 

*metal8  other  than  iron,  nickel,  and  a  few  more,  before  the  standpoint 
taken  can  be  maintained. 

An  important  inquiry  is  thus  suggested  which  would  lead  ulteriorly 
to  a  test  of  Osmond's  theory:  It  is  to  be  found  whether  the  maximum 
of  drawn  strain  which  the  wire  of  a  given  metal  can  retain  is  (cait. 
par.)  a  function  of  the  viscosity  of  the  metal;  or  whether  the  strain  re- 
tained is  largely  independent  of  viscosity  and  subject  to  other  condi- 
tions. In  the  last  case  retention  would  be  conditioned  by  a  chemical 
mechanism,  and  Osmond's  theory  would  therefore  be  substantiated  at 
once. 

I  may  state  in  concluding  that  Osmond's  views  are  not  wholly  new, 
having  been  suggested  in  their  general  bearings  in  a  remarkable  ther- 
moelectric investigation  by  F.  Brauir.^ 

IF.  Bnun:  PhU.  Ma«.  (5),  vol.  19,1885,  p.  503,  %  8. 
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CHAPTER  11. 

THE  TWO  SPECIES  OF  MOLECULAR  BREAK-UP  WHICH  PROIAOTB 
VISCOUS  DEFORMATION. 

INTEODUCTOEY. 

6.  Following  the  argument  which  underlies  Maxwell's  theory  of  solid 
viscosity  experimentally,  I  was  obliged  to  take  cognizance  of  two  causes 
wliich  promote  viscous  deformation  in  solids.^  For  any  structure  will 
give  way  under  impressed  conditions  of  stress,  as  a  whole  or  in  part, 
becauBe  either  the  cements  or  the  bricks  are  insufficiently  strong  to  with- 
stand it.  Similarly  the  underlying  cause  of  viscous  motion  is  either* 
such  structural  change  in  which  groups  of  molecules  pass  without  loss 
of  identity  from  an  initial  to  a  final  configuration,  or  it  is  a  break -up 
superinduced  by  the  disintegration  of  one  or  more  molecules  of  each 
gionp.  Whichever  the  change  may  be,  it  must,  from  the  nature  of  the 
problem  in  general,  be  distributed  uniformly  throughout  the  mass  of 
the  solid  (§  14).  Even  without  stress  the  said  change  may  result  from 
secular  subsidence.  Moreover  it  is  conceivable  that  molecular  disinte- 
gration may  occur  in  such  a  way  as  to  elude  detection. 

Now  I  have  since  been  able  to  prove  experimentally  that  in  glass- 
hard  steel  a  change  of  the  viscous  quality  may  be  obtained  as  the  result 
of  at  least  two  distinct  kinds  of  structural  change,  probably  as  the  re- 
sult of  the  two  kinds  of  break-up  in  question.  The  present  chapt<er  pur- 
poses to  show  this  by  aid  of  the  phenomena  of  accommodation,  or  mo- 
tional annealing,  as  they  may  be  called  more  uniformly  in  keeping 
with  the  following  work. 

MOTIONAL  ANNEALING  DEFINED. 

7.  The  term  annealing  or  tempering,  in  its  most  general  sense,  refers 
to  a  process  by  which  strained  solid  structure,  whether  maintained  i>y 
mechanical  or  chemical  causes,  is  changed  to  isotropic  structure.  In 
viscosity,  inasmuch  as  strained  structure  is  ultimately  accompanied  by 
molecular  instability,  annealing  is  a  process  by  which  viscosity  is  in- 
creased; and  from  this  point  of  view  annealing  need  have  no  direct 
reference  to  exposure  to  temperature.  Hence  I  have  designated  by  the 
term  motional  annealing  all  such  forced  molecular  motion  to  and  fro,  in 
virtue  of  which  the  molecules  of  a  thoroughly  soft  solid  are  brought  into 
new  relations  to  each  other,  to'  the  effect  that  viscosity  is  increased  at 

» Phil.  Mag.,  November,  W88. 
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the  expense  of  the  motionally  less  stable  configurations  of  the  soft 
solid.  There  may  appear  to  be  some  incongruity  in  the  term,  inasmuch 
as  the  solid  motionally  acted  on  always  experiences  strain;  it  is  not  the 
strain,  however,  but  the  increment  of  viscosity  of  the  solid,  to  which 
the  term  refers.^ 

Again,  in  order  that  a  solid  may  be  motionally  annealed  the  mechan- 
ical treatment  (torsion,  traction,  etc.)  must  be  applied  helow  a  certain 
critical  limit  of  intensity.  Otherwise  this  treatment  introduces  its  own 
specific  instability;  and  in  proportion  as  stress  is  indefinitely  increased 
the  viscosity  of  the  solid  may  now  be  reduced  in  any  measure.  Fur- 
ther justification  of  the  term  is  to  be  given  in  §§  11, 1*4.  At  present  it  is 
more  expedient  to  indicate  the  points  of  crucial  difference  between  mo- 
tional annealing  and  thermal  annealing  in  their  effect  on  steel  in  the 
glass-hard  state. 

STRAIN,  BLBOTRIO  RESISTANCE,  AND  VISCOSITY. 

8.  When  glass-hs^rd  steel  is  annealed  ^t  100^  the  effect  is  a  decided 
increase  of  viscosity  amounting  to  almost  one-half  of  the  total  viscous 
interval,  hard-soft.*  This  marked  increment  of  viscosity  is  accompa- 
nied by  an  equally  striking  electrical  effect.^  For  it  has  been  shown 
that  the  specific  resistance  of  hard  steel  diminishes  as  much  as  15  per 
cent  as  the  result  of  annealing  at  100^.  Finally,  since  the  electrical 
effect  is  a  sufficient  indication  of  the  changes  of  volume  (decrement) 
and  of  carburation,  it  appears  conclusively  that  the  underlying  cause 
of  the  increase  of  viscosity  here  in  question  is  a  disintegration  of  the 
unstable  carbide  molecule  of  steel. 

TEMPER,  ELECTRIC  RESISTANCE,  AND  VISCOSITY. 

9.  Again,  an  increment  of  the  viscosity  of  glass-hard  Steel  compara- 
ble in  magnitude  with  that  of  annealing  at  lOO^  may  be  obtained  with- 
out heat.  It  is  merely  necessary,  for  instance,  to  apply  to  the  glass- 
hard  wire  large  enough  rates  of  twist,  a  sufficient  number  of  times 
alternately,  in  opposite  directions.  This  method  of  increasing  viscosity 
has  no  electrical  concomitant  comparable  with  the  electrical  effect  of 
§  8.  Hence  the  underlying  cause  of  the  observed  increase  of  viscosity 
in  this  case  is  probably  not  a  disintegration  of  the  carbide  molecule  of 
Bteel,  or,  at  least,  a  disintegration  quite  unlike  that  of  the  foregoing 
instance. 

PATA  RELATIVE  TO  TEMPER,  ELECTRIC  RESISTANCE,  AND  VISCOSITY. 

10.  In  the  following  tables  (7  and  8)  I  give  the  data  necessary  to 
substantiate  §  9.    The  method*  of  experiment  being  identical  with  the 


1  PhU.  Mag.,  5th  ser.,  vol.  26, 1886,  pp.  100  to  203. 

•  Am.  Jour.  Sol.,  3d  ser., toL  33, 1887,  p.  26 ;  Phil.  Kag.,  5th  mt,,  vol.  26, 1888,  p.  188, et  seq. 

s  BnlL  U.  &  Geological  Survey.  No.  14,  p.  49, 1885. 

«  PhiL  Mag.,  5th  ser.,  voL  28, 1888,  pp.  189  to  191.  The  use  of  differential  methods  premiaes  that  the 
▼iscona  deformationa  of  all  the  wires  to  he  compared  are  similar  time  ftmctiona.  That  this  ia  the  oaaa 
most  \9t  verifled  preliminarily  hy  Bcmie  i^h«oln|e  wetbod*  "^ 
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one  described  in  verifying  §  8, 1  need  only  to  call  to  mind  here  that  my 
normal  steel  wire  (maximum  viscosity)  and  the  fresh  glass-hard  wire 
(minimum  viscosity)  were  countertwisted;  that  the  ends  of  the  vertical 
system  were  flxed,  and  a  mirror-index  placed  near  the  middle,  at  tlie 
junction  of  the  two  wires.*  Cf.  Fig.  1,  §  3.  Table  1  contains  the  results 
for  viscosity,  both  wires  being  at  the  same  temi)erature  0.  The  im- 
pressed rate  of  twist  is  given  in  radians  under  t,  and  the  pennanent 
torsion  observed  at  the  close  of  each  experiment  under  2(y»  +  ^ ').  Since 
the  lower  end  of  the  system  was  twisted  360^,  T  +  2(sp  +  f»'))  =2r/X, 
where  L  is  the  length  of  the  two  wires.  Finally,  {<p  —  f ')/r  is  the  vis- 
cous motion  at  the  index,  per  unit  of  r,  per  unit  of  X,  at  the  time  speci- 
fied. In  other  words,  2^  and  2^ '  refer  to  the  hard  and  the  soft  wh-es, 
respectively,  and  denote  angular  viscous'  motion  of  one  right  section 
relatively  to  another,  when  their  distance  apart  is  1  cm.  of  length 
of  wire,    {f  —  9>0A  ^®®d  not  be  independent  of  t.     (§  13.) 

Table  7  indicates  that  the  wires  were  twisted  eight  times  alternately 
in  opposite  directions.  Before  and  after  each  series  of  viscous  meas- 
urements in  Table  7  the  resistance  of  the  glass-hard  wire  was  measured 
by  a  special  device  utilizing  Matthiessen  and  Hoskin's  method.  These 
results  are  given  in  Table  8,  where  r^  is  the  observed  resistance  in  mi- 
crohms, Ar,  the  variation  from  the  final  value,  r,=;  39500. 

Table  7. — Viscotu  effect  of  moHonal  annealing,    Qlass-hard  steel, 
tf  =  29.    L = 30  cm.  +  30  cm .    Diameter  of  wires,  2p = -081  cm. 


TwiBt 
No. 

2(^-f*') 

Time. 

^^X10« 

Twist 
No. 

T 

2(^  +  0')- 

Time. 

V'xio. 

h.m. 

h.m. 

1. 

-f-0992 

2  25 

5. 

+  1021 

3  40 

se 

+  •00, 

42 

+    -00 

32 

•94 

44 

'68 

35 

1-99 

47 

1-38 

38 

2-79 

+  0026 

52 

819 

-f0055 

46 

4-45 

3. 

—•0983 

2  40 

6. 

—•1018 

855 

51 

—  •00 

57 

—   00 

53 

-1-95 

59 

-  -74 

66 

-3-97 

62 

—I'U 

— -OOW 

63 

— 6^93 

-•0029 

67 

-2-39 

8. 

+•1021 

3  07 

1 

7. 

+  1018 

409 

09 

+  -00  , 

11 

^ 

11 

101 

13 

•64 

14 

^99 

16 

138 

+•0020 

21 

3-36 

+  0029 

20 

1-89 

4. 

—•1021 

324 

8. 

—•1018 

423 

27 

-  -00 

25 

—  •00 

20 

—  •91 

27 

—   64 

82 

-1-85 

80 

—1-28 

—•0026 

37 

—306  1 

-0029 

37 

-233 

» See  Bull.  TJ.  &  Geoi  Survey  No.  73, 1891,  pi.  I,  p.  64.     ^  j 
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Table  8. — KJectrical  ejjj^ct  of  motional  anneaUng, 

(rlannhard  «»t<fl,  2p  —  '081  cm. 


33 


Twiat 
No, 

r 

0. 

.1 

1. 

— •(»99  1 

2. 

+•098 

3. 

—  102  1 

4. 

+  ■102 

Art      j 

TwiHt 
No. 

T 

^'        . 

C.rt 

1 

+  r.o  , 

5. 

-102 

:«)r»6o  i 

+60 

-120  1 

6. 

+  •102 

:{«530  , 

+30 

-150    1 

7. 

—•102 

39500  , 

+00 

+  70  11 

8. 

+•102 

:i9r>io 

+10 

—  70  ;| 

a»r.5o 

30380 

39:j50 

39570 
39430 


DISCXTS8ION   OF  RESULTS. 


11.  The  results  of  Table  7  are  in  excellent  accord  with  my  earlier 
data;  and  the  oscillatory  inarch  of  the  viscous  in<*remeut  can  be  repre- 
sented in  tlie  same  way.  If  tlie  tangents  be  constructed  at  the  same 
tinie-j)oint,  in  eacli  of  the  curves  of  Table  7  there  ai)]>ear8  to  be  some 
similarity  between  the  march  of  these  results  (j  (^— y')/r)  and  the  cor- 
resimnding  march  of  }\  in  Table  8.  But  interpreted  by  the  data  of  §  7, 
this  similarity  ia  only  qualitative  in  kind.  In  other  words,  whereas 
fclie  increment  of  viscosity  due  to  successive  alternations  of  twist  is  de- 
cidedly greater  than  one-half  of  the  increment  of  viscoMty  duo  to 
annealing  glass-hard  st^el  at  lOiP,  it  appears  that  the  electrical  effect 
in  the  first  instance  (motional  annealing)  is  x>ractically  negligible  in 
(comparison  with  the  electrical  effect  of  thermal  annealing.  In  Table  8 
the  total  interval  of  variation  of  L^r^  is  about  one-half  per  cent  of  r,;  on 
the  other  hand,  the  variation  of  r,  due  to  annealing  at  lOO^  is  fi'om  10 
l>er  cent  upward.  It  follows  that  in  glass-hard  steel  there  are  two 
<listinct  ways  in  which  viscosity  may  be  appreciably  increased,  a  result 
<'orroborating  §§  8,  9.  Again,  if  the  possibilities  of  vis(»ous  motiim  are 
to  be  fully  given,  it  is  essential  to  postulate  groups  of  atoms,  as  well  as 
the  somewhat  less  definite  groups  of  molecules,  both  varying  in  degrees 
of  stability  from  point  to  point  of  the  solid  mass.  Hence  slight  posi- 
tional change  of  the  elements  of  the  atomic  configurations,  or  of  the 
molecular  configurations,  due  either  to  stress  not  exceeding  a  critical 
value  or  to  mere  secular  subsidence,  must  in  general  involve  an  aug- 
mentation of  the  viscous  quality. 

DATA  FOR   OVCLTO   TWISTINO. 

12.  Having  arrived  at  this  result  I  desire  to  inquire  somewhat  more 
in  detail  into  the  viscous  relations  of  the  motional  effect,  §§  9, 10.  This 
is  attempted  in  Table  9,  in  which  torsional  stress  is  applied  cyclically. 
The  viscous  behavior  is  studied  at  ea<.'h  of  these  succH'ssive  stages  of 
increase  or  decrease,  as  shown  in  the  first  colmnn,  t,  of  the  table.  As 
before,  the  length  of  the  system  of  two  wires,  L  = /-|- /'=.'M)  cm.-f  30 
cm.;  diameter,  2/>  =  '08I  cm.  The  final  column,  /  (^—f'),  behig  the 
detorsion  from  the  beginning  to  the  end  of  the   first  miuMte^aitiai- 

Bull.  94 3  -  '^'^'' ''  ^^Ctgfe 


34 


THE   MECHAKISM   OP   SOLID   VISCOSITY. 


[BUiL.9i 


twisting,  may  be  taken  as  an  index  of  the  rate  of  deformation.  In  the 
first  and  second  cycles  twist  is  imparted  positively;  in  the  third  cycle 
negatively.  To  follow  the  sequence  of  observations  it  is  sufficient  to 
consult  the  time  column. 

Table  9. —  Viscous  deformation  in  case  of  cyclic  twisting, 
FIBST  CYCLE. 


Twist  incroaftiDg.                              !| 

Twist  deeroasing. 

Kate  of 
twist,  r 

Time. 

(*-♦')  xio« 

^^X10« 

XIO^ 

Rate  of 
twist,  T 

Time. 

(<^-^')X10« 

A<*-4'), 
xlO- 

h.  m. 

•000 

•000 

12  31 

-10 

32 

0 

33 

—  10 

34 

-20 

35 

—  27 

1  18 

—107 

30 

—120 

A.m.; 

•000 

10  36 

8 

•000 

12  26 
27 

-8 

37 

0 

•0 

0 

38 

3 

11 

28 

-    8 

30 

5 

1-5 

29 

—  15 

40 

6 

1-9 

9 

•017 

30 
12  21 

—  21 

1 

•017 

10  41  ' 

-5 

42 

0 

•0 

22 

fi 

43 

0 

1-4 

23 

—    6 

" 

15 

2-8 

24 

—  12 

45 

20 

8-2 

25 

—  17 

•026 

10  46 
47 

14 

■028 

12  16  1 

17  1           —    0 

-7 

0 

•0 

48 

14 

1.5 

18  1           —    7 

49 

23 

2-5 

19 

—  12 

50 

27 

2-8 

20 

.   —  15 

•035 

10  51 
52 

•035 

12  11 

—  7 

0 

12 

0 

53 

31 

13 

—    7 

54 

51 

14 

—  13 

55 

67 

15 

—  15 

•013 

10  56 

•043 

12  06  ' 

-5 

57 

0 

07 

0 

58 

45 

08 

—    5 

50 

77 

09 

—    8 

60 

100 

10 

—  13 

•052 

11  01 
02 

♦052 

12  01  1 

—  3 

0 

02 

0 

03 

36 

03 

—    3 

04 

60 

04 

—    9 

05 

103 

05 

—  11 
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Tadlb  9.—Vi8eou9  deformation  in  oase  of  cifoHc  /irJstiii^— Continaed. 
FIR&T  CYCLE-ContiuueO. 


1                                                        *        1 

Twi8t  inureaaing. 

Twist  decreasing. 

Kate  of 
twiHt,  T 

Tinio. 

(♦-♦OXIO* 

♦-7*'xio. 

XlO^ 

Rate  of 

twi8t,T 

•OGl 

Time. 

(^-♦')X10« 

A<,VO 

<061 

11  06 
07 
08 
00 
10 

0 
00 
100 
183 

h.  m. 

11  56 
57 
58 
59 
60 

—  7 

—  5 

0 

—  7 

—  0 

-070 

11  11 

07 

•070 

a  51 
52 
53 
54 

55 

1146 
47 
48 
40 
60 

12 
13 
14 
15 

11  16 
17 
18 
10 
20 

0 
07 
153 
207 

•0 
3-8 
61 
82 

0 

-  5 

-  5 

-  5 

•078 

100 

117 

1 

•078 

—  2 
+  3 

0 
100 
167 
237 

•0 
33 
5-9 
8-3 

0 

—  2 

—  2 

—  1 

•087 

1121 
22 
23 
24 
25 

•087 

11  41 
42 
43 
44 

45 

0 
117 
107 
263 

•0 
3-7 
6-3 
8-3 

0 
+    3 
+    7 
+  10 

•006 

11  26 
27 

,       28 
20 
30 

11  31 
32 
33 
34 
35 

137    ;           '006 

1136 
37 
38 
39 
40 

+  8 

233 
307 

•0 
3-9 
6-8 
8-9 

1 

0 
-f    8 
+  21 
+  31 

•105 

167  1 

1                   1 

0 
167 
280 
807 

•0 
4-4 
7-4 
0*6 
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Tablk  9. —  Fiscoun  deformation  in  ca%9  of  cyclic  iwiaiing — ContinuecL 
SECOND  CYCLE. 


Twist  Increanlng. 

Twist  decreasing. 

Rate  of 
twist,  T 

Time. 

(^-^')X10« 

^^^X10» 

^<*i-r 

Rate  of 
twiat,  T 

Time. 

(*-*0Xl0« 

^';?r,.*'> 

•0 

h.m. 

1  31 
32 
33 
34 
35 

•0 

Km. 

226 
27 
28 
29 
30 

2  21 
22 
23 
24 
25 

— » 

—  0 

—  9 

—  17 

—  23 

•017 

> 

•017 

-12 

0 

5 

7 

11 

•0 

•7 

1-2 

1-8 

—  0 
-12 

—  19 

—  25 

•035 

136 

7 

•035 

2  16 
17 
18 
19 
20 

—  5 

37 
38 
30 
40 

0 
7 
13 
15 

•0 

•5 

11 

1-2 

—  0 

—  5 

—  10 

—  15 

•052 

141 
42 
43 
44 

45 

.7 

•052 
•070 

2  11 
12 
13 
14 
15 

—  9 

0 
7 
10 
17 

•0 
•3 
•6 
•9 

—  0 

—  0 

—  11 

—  14 

•070 

1  46 
47 
48 
49 
50 

7 

2  06 

—  7 

0 
7 

19 
80 

•0 

•3 

•7 

1-2 

07 
08 
09 
10 

2  0] 

02 

03 

04 

.     05 

—  0 

—  7 

—  7 

—  7 

•087 

161 
52 
63 
54 
55 

15 

•087 

—  2 

0 
15 
30 
41 

•0 

•6 

•9 

1-3 

—  0 

—  2 

—  4 

•105 

1  56 
67 
58 
69 
60 

67 

0 

67 

120 

170 

•0 
1-0 
3-2 
4-5 
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Tadlr  9. — VisoovM  deformation  in  c<^e  of  cyclic  Uc'Mng — Continued. 
THIRD  CYCLE.-TWIS'I>IN  OPPOSITE  I>IRECTIO>'. 


Twist  increasing. 

Twist  decrcABing. 

Kate  of 
twist,  T 

Tim6. 

(^-*')X10« 

*r^xio» 

XIO* 

Rate  of 
j  twist,  T 

1 
Time.  '(♦-^OXIO* 

1 

X10« 

h.m. 

h.  m. 

•017 

3  24 
25 

12 

•0 

4  17 
18 

-28 

0 

•0 

—    0 

20 

12 

1-9 

19 

—  28 

27 

19 

30 

20 

—  45 

28 

25 

3-9 

21 

—  63 

29 

28 

4-6 

.035 

3  30 
31 

13 

0 

•0 

32 

13 

11 

33 

32 

2-5 

34 

3  35 
36 

37 

2-9 

•052 

43 

0 

•0 

37 

43 

2-3 

38 

77 

41 

30 

103 

5-5 

•070 

3  40 
41 

97 

•070 

3  50 

—  1 

0 

•0 

51 



—    0 

42 

97 

3-8 

52 

—    1 

43 

163 

6-5 

53 

—    1 

44 

213 

8-5 

1 

54 

+    2 

•087 

3  45 
46 

147 

•087 

400 
01 

+  6 

0 

,          0 

0 

47 

147 

4-7 

02 

+    6 

48 

240 

76 

03 

•f  14 

49 

307 

9-8 

04 

+  23 

•096 

3  55 
56 

117 

•096 

'4  10 
11 

0 

0 

•0 

+    0 

57 

117 

3-4 

12 

+    0 

58 

207 

60 

13 

+  10 

59 

273 

7-9 

14 

+  27 

•105 

4  05 

135 

06 

0 

•0 

07 

135 

3-6 

08 

240 

6-4 

09 

313 

8-3 

DISCUSSION  OP  RESULTS   OP  CYCLIC  TWISTING. 

13.  The  marked  feature. — The  first  result  given  by  these  data  is  ob- 
taiiied  by  comparing  <p—q)^  and  {<p''<p^)/r,  showing  that  the  latter 
quantity  is  not  independent  of  r.  !N"or  can  it  be  asserted  that  the 
change  of  (^—^')/^ 'w^ith  increasing  r  is  retarded.  It  follows  that 
comparable  values  of  (<p— ^)/r  are  only  obtained  by  keeping  t  nearly 
constant,  as  has  been  done  in  all  my  experiments,    pigi^i^g^  ^y  GooqIc 
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Again,  the  large  variations  of  i<p— <p')  in  the  direct  or  stress-increiis- 
iug  phase  of  the  cycles,  as  compared  with  the  corresponding  variations 
in  the  retrograde  or  stress-decreasing  phase  of  the  cycles,  together 
with  a  repetition  of  the  whole  phenomenon  on  a  smaller  scale  for  sac- 
ceeding  cycles  of  the  same  sign,  are  features  of  these  experiments. 
When  the  sign  of  the  twist  is  reversed,  cycles  which  exceed  the  original 
one  in  magnitude  are  obtained.  These  in  their  turn  dwindle  on  repe- 
tition of  like  signs  of  r.  Finally,  the  influence  of  residual  action  in 
case  of  retrograde  cycles  appears  more  clearly  in  proportion  aa  stress 
approaches  zero.  On  the  other  hand,  the  circumflex  contours  of  the 
earlier  retrograde  curves  (r  decreasing  irom  405)  is  not  a  mere  error 
of  observation,  but  results  from  superposition  of  direct  and  residual 
phenomena.  This  is  specially  marked  in  the  third  cycle,  where  stress, 
after  rs-OST,  was  applied  in  a  zigzag  way,  viz: 

r  X  10=  =  87,  70,  96,  87,  105,  96. 

14.  Analogy  with  thermal  annealing, — The  chie  for  the  interpretation 
of  the  above  complex  phenomena  as  a  whole  is  suggested  by  the  data 
for  J  (^—  ^')'  I*  *^^^  appears  that  the  viscous  behaviour  of  the  wires 
is  intimately  connected  with  the  amount  of  permanent  set  imparted 
during  the  period  of  action  of  stress.  From  this  x>oint  of  view  the 
phenomena  become  not  only  strikingly  analogous  to  thermal  annealing 
in  case  of  temper,  but  of  special  importance  as  regards  their  bearinjr 
on  Maxwell's  theory.  The  following  description  *  applies,  mutatis  mu- 
tandis, to  both  classes  of  phenomena: 

(1)  The  viscous  deformation  (annealing  effect)  of  any  stress  (tem- 
perature) acting  on  glass-hard  steel  increjises  gradually  at  a  rate  dimin- 
ishing through  infinite  time;  diminishing  very  slowly  in  ca«e  of  low 
stress  (temperature);  diminishing  very  rapidly  at  first  and  then  again 
slowly  in  case  of  high  stress  (temperature);  so  that  the  limit  of  per- 
manent deformation  is  approached  asymptotically. 

(2)  The  ultimate  viscous  deformation  (annealing  effect)  of  any  stress 
T  (temperature  «),  is  independent  of  preexisting  eflfects  of  the  stress  r' 
(temperature  f),  and  is  not  influenced  by  subsequent  application  of 
stress  r'  (temperature  t'),  provided  t>t'  {t>f).  In  case  of  incom])lete 
deformation  (partial  annealing)  induced  by  stress  t  (temperature  <). 
this  law  applies  more  fully  as  the  ultimate  effect  of  r  (t)  is  more  nearly 
reached.  Again,  the  effect  of  r'  succeeding  r  (<'  succeeding  t)  is'  more 
nearly  nil  as  the  effect  of  t>t'  (0<0  approaches  completeness. 

To  discern  the  cause  of  this  detailed  analogy  it  is  sufficient  to  call  to 
mind,  (1)  that  in  thermal  annealing  viscous  deformation  is  jn^oducedby 
thermal  diminution  of  viscosity  under  conditions  of  the  initially  given 
stress  stored  up  in  the  tempered  solid;  in  motional  annealing  by  in- 
crease of  the  mechanical  stress  applied  from  without  under  conditions 
of  initially  given  viscosity.    Finally,  (2)  the  configurations,  molecular 

I  Cf.  PhU.  Mag.,  5th  ser.,  vol.  26, 1888,  p.  SU-GoOqIc 
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or  atomic,  which  just  break  up  under  the  action  of  stress  r  or  tempera- 
ture U  respectively,  are  necessarily  limited  by  a  higher  order  of  stabil- 
ity, and  are  greater  in  number  than  those  just  surviving  under  less  in- 
tense conditions  of  stress  or  temperature.  This  is  the  crucial  feature 
of  the  analogy.  However  unlike  the  instabilities  may  be  in  the  two 
cases  of  motional  and  of  thermal  annealing,  however  unlike  the  treat- 
ment to  which  they  are  here  respectively  subjected,  its  effect  in  modify- 
ing the  occurrence  of  instability  is  similar,  and  hence  the  similarity  of 
vivscous  results. 

So  far  as  I  have  observed,  however,  residual  phenomena  are  absent 
in  thermal  annealing  of  glass-hard  steel,  and  this  is  a  point  of  differ- 
ence between  the  break-up  of  atomic  groups  and  molecular  groups.    The 
former  are  not  reconstructed.    Again,  in  motional  annealing  tor  in- 
creasing rates  of  twist,  thick  wires  show  viscous  deformation  at  earlier 
dates  than  thin  wires.    The  break-up  commences  at  the  external  sur- 
face, where  stress  is  most  intense,  and  proceeds  thence  to  the  axis, 
where  stress  is  least.    The  history  of  motional  annealing  is  therefore 
essentially  dependent  on  the  dimensions  of  the  deformed  wke  and  varies 
for  different  values  of  radius.    I  pointed  out^  that  in  soft  iron  the  limits 
of  torsional  resilience  were  reached  when  the  obliquity  of  the  external 
fiber  (shear)  somewhat  exceeds  .003  radians.    Finally,  the  ultimate  an- 
nealing effect  (time  =  oo)  of  any  temperature  t  acting  on  glass-hard 
steel  increases  at  a  retarded  rate  with  temperature,  and  practically 
reaches  the  limit  of  variation  below  350^.    In  case  of  motional  anneal- 
ing stress  may  be  applied  in  any  degree  from  without,  and  increa^sing 
effects  obtained  limited  only  by  the  given  degrees  of  resilience  or  of 
brittleness.     ItTevertheless,  if  the  wire  admits  of  permanent  set,  the 
analogy  pursued  may  be  pushed  even  to  this  extreme  detail.    For,  just 
as  in  the  case  of  thermal  annealing  above  350^,  no  further  marked 
effects  are  produced,  because  the  intensity  of  stored  stress  is  invaria- 
l>ly  below  the  value  of  viscosity;  so  in  case  of  motional  annealing,  when 
stress  surpasses  the  limits  of  resilience,  further  increment  of  marked 
consequence  is  no  longer  elastically  retained. 


» Am.  Jour.  Sci.,  vol.  34,  1887,  p.  183. 
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CHAPTER  III. 

THE  EFFECT  OF   MECHANICAL    STRAIN    ON    THE   CARBURATION 

OF  STEEL. 

INTRODUCTORY. 

15.  Drowne^s  experiments. — I  shall,  in  this  chapter,  endeavor  to  discuss 
the  nature  of  some  shoi'tcomings  of  the  i)reseut  methods  for  the  estima- 
tion of  unc^mbiued  carbon  in  addition  to  the  subject  matter  of  the 
superscript.  Among  earlier  investigators  Dr.  Thomas  Drowne^  has 
made  similar  observation  with  reference  to  cast  iron.  Tlie  stiinuhis 
of  Drowne's  work  was  a  remark  of  Bell's,  stating  that  white  and  gray 
pig  iron  differ  only  in  the  magnitude  of  graphitic  crystals  contaiiiwl, 
whi(^h  crystals  are  fine  grahied  in  white  pig,  and  coarse  grained  in  gray 
])ig.  To  disprove  tliis  assertion  Drowne  cast  a  sample  of  iron  in  a  chill 
mold,*  thus  obtaining  both  the  white  and  the  gray  variety.  Analyses 
showed  that  while  these  two  parts  of  the  same  casting  did  not  differ 
nmch  in  total  carbon,  the  free  carbon  in  the  gray  iron  was  more  than 
twice  as  great  in  amount  as  the  free  carbon  in  the  white  iron.  He  thus 
obtained  strong  evidence  against  Bell's  statement.  Drowne  then  pro- 
ceeded to  vary  the  method  of  treatment  by  vtirying  the  solvent  and  by 
boiling.  He  infers  that  the  carbide  is  not  decomposed  except  by  boil- 
ing, and  accentuates  the  crudeness  of  the  analytical  methods, 

16.  The  present  method, — The  above  pages  have  clearly  shown  that 
the  underlying  cause  of  viscous  deformation  is  either  a  break-up  of 
atomic  or  of  molecular  configuration.  The  former  phenomenon  admits 
of  direct  proof  and  does  occur  in  glass-hard  steel.  The  molecular  break- 
up is  less  easily  verifiable,  and  can  not  be  as  clearly  defined  as  the  other. 
I  have  therefore  been  temi)ted  to  question  whether,  even  in  the  case 
of  viscous  deformation  induced  by  mechanical  strains,  the  underlying 
break-ui)  is  a  mere  rearrangement  of  molecules.     (Cf.  §  9.) 

Among  the  more  promising  methods  for  deciding  this  (juestion,  the 
plan  adopted  in  the  discussion  of  annealing  phenomena^  suggests  itself. 
An  exceedingly  intimate  intermixture  of  carbon  and  iron  is  here  pre- 
sented.   Indeed  Matthiessen  considered  it  a  solidified  solution  or  mix- 


'  Drowne :  Trans.  Am.  Inst.  Mining  Engineers,  vol.  3, 1874-75,  pp.  41-44. 

» I  may  refer  here  to  a  similar  exiwrimtmi  of  Karston's  ( BiHCDhiitteukundo,  Bd.  1, 3  Aufl-,  IWI.  p.581, 
vi  seq.)  f^om  which  the  distinction  between  oombiDed  and  uueombined  carbon  waa  originally  derired. 
»  Bums :  Bull  U.  S.  Geol.  Survey,  No.  73,  Chap,  ill,  18S)1 . 
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tiircs  of  these.  Heuce  tlie  possibility  of  chemical  changes  of  c<>nfigixra- 
tion  ftuperiudueed  by  mechanical  stress  (wire-pulling,  torsion,  flexure, 
traction,  compression)  applied  from  without,  is  favorably  open  to  ex- 
periment. Put  in  its  simplest  form,  the  problem  is  a  determination  of 
the  variation  of  the  amount  of  the  uncombined  carbon  in  steel,  pro- 
duced by  stress;  for  it  may  be  plausibly  argued,  I  think,  that  such 
disintegration  of  molecule  as  is  here  in  question  could  hardly  take 
place  \*'ithout  the  accompaniment  of  a  carburation  ett'ect. 

METHOD   OF  EXPERIMENT. 

17.  The  method  .of  procedure,  apart  from  its  extreme  tedium,  is 
sufficiently  simple.  A  soft  wire  of  proper  length  is  (!ut  into  halves,  one 
of  which  is  dissolved  without  further  treatment,  the  other  drawn  down 
to  as  small  a  diameter  as  feasible  and  also  dissolved.  The  two  sani- 
]>les  are  then  tested  for  uncombined  carbon.  I  used  the  customary 
process  described  by  Blair  in  its  most  complete  form.  The  samjjles 
were  dissolved  in  cold  dilute  acid,  then  boiled,  after  which  the  carbon 
was  collected  on  Goodi's  asbestos  filter,  duly  washed  with  dilute  HC^L 
and  hot  water,  KOH,  alcohol  .and  ether.  It  was  thereuiM)n  dried  at  a 
temj)erature  of  at  least  160^  for  a  sufficient  time,  cooled  in  a  desiccator, 
and  the  difference  in  weight  of  the  Gooch  crucible  before  and  after  ig- 
nition in  oxygen  estimated  as  carbon.  This  is  not  as  accurate  a  pro- 
cess as  the  regular  combustion  method  usually  prescribed.  But  it  is 
far  more  expeditious;  and  the  errors  made  in  weighing  carbon  directly 
are  of  very  much  smaller  moment  than  the  solution  and  other  errors 
which  I  will  point  out  below.  Indeed  the  validity  of  the  whole  method 
stands  seriously  in  question,  in  a  numl)er  of  fundamental  particulars: 
and  so  long  as  these  have  not  been  surely  cleared  away,  refinements 
of  carbon  measurement  are  obviously  absurd. 

RESULTS   OBTAINED. 

18.  My  results  are  given  in  the  following  Table  10.  To  understand 
them  ftiUy,  introductory  remailcs  as  to  the  structure  of  the  soft  steel 
used  in  each  case  are  essential.  In  my  first  experiments  (rods  Nos.  1  and 
2  for  instance),  I  drew  down  the  whole  wire;  then  I  softened  one-half 
of  it  after  drawing,  by  annealing  at  red  heat  m  air.  On  dissolving,  the 
drawn  wires  were  very  much  more  intensely  attacked  than  the  freshly 
softened  wires;  so  that  the  beaker  containing  drawn  wires  is  turbid 
and  black  with  carb<m  before  the  other  hardly  shows  traces  of  carbon 
precipitate.  This  result  is  exceedingly  striking  and  uniform,  and  I  at 
first  inferred  that  the  effect  of  drawing  is  necessarily  a  transformation 
of  carbon  in  steel  from  the  combined  to  the  uncombined  state.  And  yet 
this  conclusion,  as  1  afterwards  found,  does  not  at  all  follow.  The  effect 
of  annealing  at  red  heat  on  the  carbon  in  the  steel  varies  enormously 
with  the  details  of  the  method.  In  other  words,  steels  of  a  given  kind 
and  nominally  soft ,  may  nevertheless  differ  remarkably  in  internal  struc- 
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ture.  If  we  start  with  soft  steel,  annealed  by  the  commercial  method 
of  excessively  slow  cooling,  and  then  draw  the  wires  down,  it  can  not 
be  assumed  that  the  part  of  the  drawn  wire  which  is  annealed  at  led 
heat  and  cooled  in  air  after  drawing,  is  identical  with  the  wire  before 
drawing.  Indeed,  since  the  rate  of  cooling  increases  as  the  diameter  de- 
creases, it  follows  that  two  wires  annealed  at  red  heat  in  air  must  differ 
in  degrees  of  softness  and  carburation  even  if  all  other  conditioUvS  are 
the  same.  I  desire  to  emphasize  this  point  for  it  indicates  the  first  dilG- 
culty  with  which  I  had  to  contend. 

TABLES. 

19.  In  the  Table  I  have,  therefore,  inserted  the  treatment  and  tem- 
per of  the  wire  before  drawing  in  the  wire  plate,  as  well  as  after  draw- 
ing.   The  radius  p  of  the  wire  is  also  given  for  each  case. 

M  is  the  mass  of  steel  dissolved,  in  grammes.  A  larger  amount  would 
have  been  desirable,  but  the  rods  of  best  Stubb's  steel  come  in  short 
lengths  (33®"),  and  as  the  drawing  of  each  new  length  nearly  doubles 
the  labor,  I  did  not  care  to  operate  upon  greater  masses  {M)  of  steel. 
The  carbon  contained  in  the  M  grammes  in  question  is  given  under  m^ 
also  in  grammes,  and  the  final  columns  contain  the  values  of  m  j  M. 

Excepting  numbers  27  and  28,  the  first  thirty -four  measurements  were 
made  with  a  view  to  testing  the  steel;  the  next  twenty-one  (numbers 
35  to  56)  chiefly  with  a  view  toward  testing  the  method.  In  the  final 
measurements,  tlie  steel  again  is  chiefly  considered. 

Tablk  10. — Graphitic  carbon  in  soft  and  in  drawn  steel. 

[S,  annoaled  from  red  heat,  with  very  slow  cooling  (coinmeroi;d).  SA,  heated  to  redness  aod  cooled  in 
air.  GH,  ^lass-hard.  An,  annealed  at  SOO^.  Dr,  fresh  drawn,  usually  from  diameter  =:2^=(^13" 
to2p^0U8"^".] 


Before  drawing. 


Original  condi- 
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Before  dissolving. 
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Table  10. — Graphitic  carbon  in  soft  and  in  dratpn  steel — Continued. 

[S,  annealed  fh>m  red  heat,  -with  very  slow  cooling  {commercial).  SA,  heoted  to  redneaH  and  cooled 
in  air.  GH,  glaae-bard.  An,  annealed  at  50(P.  Br,  fhish  drawn,  luinaUy  from  diameter  =  2p  = 
0-13«  to  ^  =  DOS'-.) 


Before  drawing. 


Original  condi-    Final  condi-     o^vim 
tlon.  tion.  ^^^^ 
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Before  dissolving. 
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3-28 
307 
3-26 
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3-25 
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Dissolved  in  a  beaker  nndor  identical  conditionfl  of  concentration  and  temperature. 
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*  Diasolved  in  boiling  acid,  ap.  gr.,  1-15,  SO"©  HCL. 

t  Dl.sBolved  in  cold  acid,  sp.  gr.,  1-15, 30%  HCL. 

t  Dissolved  in  dilate  cold  acid,  sp.  gr.,  107, 15';o  HCL. 

^  Dissolved  down. 

H  Drawn  down. 
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Table  10. — Graphitic  carbon  in  soft  and  drawn  steel — Continuecl. 

[S,  aiinoAled  from  red  heat,  with  very  alow  cooling  (commercial).    SA,  heated  to  redoetis  and  coo1<*d  in 
air.    GH,gUi88-faard.    An,  aniieiiled  at  500^.    Dr.  frosh  draws,  uauall}' from  diameter  =::2p=:  U*  13  " 

to2p  =  0-08'=«.] 


Dissolved  under  Identical  conditions  in  Erlenmeyer  flask  witli  Biinsen  valve.    Acid  1*13  at 
24^.    d(K«  talieu  per  1  gr.  iron. 


Before  drawing. 
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Before  dissolving. 
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130  j  Dr 

130  I  8  

130  I  Dr 

80  1  GH 

80  '  An.  450  . 


316 
1-77 
319 
2-21 
303 
2-51 
319 
2-82 
5-77 
6-46 
4-35 
3-50 


UiXlO' 


12-5 

8-2 
12-3 

6-9 
11-8 

91 
11-3 

6-6 
201 

6-3 


.10» 


No.  , 


I 


3-9 
4-6  i 

3-8  i  c  55 

31  [{  56 

3-9  '  e  57 

3-6    {  58 

3-5    (  59 

li  60 


4-2  , 


2-3  j 

3-5  ;  €  61 

11  !(  62 

00  •  f  63  • 

1-2  j  <  64  [ 


DISCUSSION. 

20.  IncotisiHtency  of  the  results, — To  obtain  a  compreliensive  survey 
over  this  large  number  of  data,  it  is  expedient  to  lay  them  down  graph- 
ically. This  can  be  done  clearly  by  erecting  peiT>endiculars  equidis- 
tant, on  the  same  base  for  each  of  the  st^ites  S,  SA,  GHSA,  Dr, 
Dr,  SA,  etc.,  and  laying  off  the  divers  carburation  data  m  along  the 
vertical  lines.  Points  belonging  to  the  halves  or  other  parts  of  the 
same  wire  are  then  connected  by  a  line  with  an  arrow  indicating  the 
direction  of  the  operation.  Thus,  S  — ►Dr  would  denote  that  one-half 
of  the  originally  soft  rod  was  drawn  down,  the  remainder  being  left  in 
the  soft  state. 

It  is  well  to  cx)mmence  with  the  rods  ^os.  1  to  22,  all  of  these  bein<( 
of  the  same  kind  of  steel  (diameter  130^™).    It  will  be  seen  that  the 
drawn  wires  here  lie  within  a  relatively  narrow  zone,  whereas  the  soft 
wires  are  widely  scattered.    The  diagram  is  such  as  to  suggest  very 
I)ointedly  that  the  operation  of  drawing  steel  either  precipitates  or 
d  issolves  carbon  according  a«  the  amount  of  free  carbon  in  soft  steel  i8 
less  or  greater  than  the  quantity  needful  for  the  drawn  state.    For- 
tunately, however,  I  was  induced  to  suspect  an  error  in  these  data 
notwithstanding  their  general  consistency  and  number;   for  the  be- 
havior of  the  couple  Nos.  15  and  16,  for  instance,  is  anomalous.    I  may 
remark  in  passing  that  if os.  7  and  8  showed  the  marked  difference  of 
rate  of  solution  already  referred  to  in  §  18  Nos.  11, 12,  and  due  to  the  reso- 
lution of  carbon  produced  by  annealing  a  thoroughly  soft  wire  in  air,  etc 
Nevertheless  so  remarkable  a  result  was  not  to  be  rashly  enunciated, 
and  I  therefore  resolved  to  continue  the  experiments  with  steel  of 
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auotUer  kind.  Bods  23  to  30  were  tested.  The  rosiilt«  liere  obtained 
were  such  as  wholly  to  vitiate  the  inferences  drawn  from  the  first  lot. 
At  least  the  drawn  samples  now  lie  far  apart,  and  away  from  the 
earlier  drawn  group,  whereas  the  soft  rods  ^re  more  nearly  identical. 
Hence  it  began  to  ai)i)ear  that  the  data  in  hand  had  no  discernible 
meaning  at  all;  that  the  differences  of  the  carburation  p<Ksiti(m8  of  the 
soft  and  drawn  wire  were  the  result  of  flaws  in  the  method  of  chemical 
treatment.  These  adverse  views  are  substantiated  by  Nos.  27  and  28, 
which  were  boiled  during  solution.  The  result  is  a  sacrifice  of  all  but 
one-fifth  or  less  of  the  free  carbon  found  after  dissolving  in  cold  acid. 
A  few  additional  experiments,  Nos.  31  to  34,  made  with  the  first  steel 
wire,  cx)rroborate  the  remarks  made  relative  to  the  deep-seated  in- 
sufficiency  of  the  method. 

21.  Errors  of  the  method. — Having  been  obliged  to  come  to  these  un- 
favorable conclusions  I  thought  it  desirable,  in  view  of  the  importance 
of  the  results  to  be  reached,  to  make  some  attempt  in  perfecting  the 
method.  The  experiments  35  to  52  are  made  chiefly  with  this  end  in 
view.  The  sources  of  error  are  unfortunately  so  complex  as  to  make 
the  interpretation  a  problem  of  almost  insuperable  difficulty.  There 
are  at  least  six  such  scmrces  to  be  (sonsidered,  viz,  temperature;  the 
concentration  of  the  solvent  acid;  the  eft'ect  of  solution  in  air,  and  in 
hydrogen ;.  the  rate  of  solution ;  the  variations  of  structural  density  of 
the  wire,  etc. 

'  22.  Temperature, — Nos.  27  and  28,  already  given,  and  Kos.  40  and 
46a  show  that  at  lOOo  nearly  all  the  free  carbon  is  removed  during 
solution;  and  that  this  is  the  case  moreover  for  acids  of  any  reasonable 
strength  (HCl,  12  %  to  25  %),  Hence,  since  the  amount  of  free  carbon 
obtained  rapidly  diminishes  (ctet.  par.)  with  increasing  temperature, 
it  follows  that  data  for  two  samples  are  not  comparable  unless  the 
temperatuie  has  remained  constant  thronghout  the  whole  interval  of 
st)lution  for  each.  Particularly  does  this  apply  in  case  of  difl^ereut 
weights. 

23.  Concentration  of  acid, — The  strength  of  acid  used  is  an  item  of 
even  greater  importance.  This  is  shown  by  Nos.  35  to  45.  In  the  first 
group  of  experiments,  Nos.  35  to  38,  the  eft'ect  of  concentration  in  in- 
creasing the  amount  of  free  carbon  is  already  apparent.  Experiments 
39,  40,  41,  42,  however,  show  this  more  convincingly.  In  case  of  con- 
centrated acid  (No.  42)  nearly  all  the  carbon  in  steel  is  precipitated 
during  solution.  In  all  such  experiments,  however,  the  time  of  solu- 
tion is  an  essential  ccmsideralion.  I  do  not  refer  so  much  to  the  rate  of 
solution  as  to  the  time  of  exposure  of  the  liquid  to  air  or  other  gases. 
In  the  present  instance.  No.  41,  which  dissolved  very  slowly  in  the 
dilute  acid,  has  an  exceptionally  high  position.-  To  some  extent  the 
same  influence  may  be  present  in  No.  42,  which  also  dissolved  very 
slowly  under  the  opposite  conditions  of  very  strong  acid. 

84.  Solution  in  air  a/nd  in  hydrogen, — The  lai'ge  differences  obtained 

Digitized  by  LjOOQIC 


46  THE   MECHANISM   OF    SOLID   VISCOSITY.  [wnx-K 

for  these  two  cases  are  shown  in  Ifos.  43  to  45,  and  in  most  of  the 
experiments  Kos.  49  to  62.  The  results  here  obtained  are  the  most 
important  of  the  present  section,  inasmuch  as  they  indicate  the  proba- 
ble nature  of  the  error  of  the  method  and  the  steps  necessary  to  per- 
fect it.  Comparing  Nos.  41)  and  44,  it  appears  that  the  sohitioii  iu 
hydrogen,  i.  e.,  in  an  Erleumej^er  flask  provided  with  a  Bunsen  valve, 
is  accompanied  with  a  precipitation  of  less  than  one-half  as  much 
carbon  as  separates  out  under  the  ordinary  conditions  of  solution  in  a 
covered  beaker.  If  the  acid  be  very  dilute  ( No.  46)  so  that  solution 
takes  a  very  long  time,  then  the  eft'ect  of  the  Bunsen  valve  is  nil, 
because  it  is  not  sufficiently  tight.  It  follows  from  these  data  that  the 
solution  of  soft  steel  is  not  generally  a  simple  phenomenon;  that  an 
oxidizable  hydrocarbon  or  similar  compound  escapes,  which  in  presence 
of  air  or  available  oxygen  deposits  carbon  by  secondary  decomposition. 
This  inference  is  conclusively  substantiated  by  the  beaker  series,  Xos. 
49  to  52,  as  compared  with  the  flask  series  (Bunsen  valve),  Nos.  53 
to  56.  When  solution  takes  place  in  a  covered  beaker,  the  carbon 
precipitate,  besides  being  in  larger  amount,  is  different  in  character 
from  the  flask  precipitate.  The  latter  is  heavy  and  graphitic;  the 
former  contain  as  very  light  suspended  admixture,  which  it  is  difficult 
to  wash  down  in  the  Gooch  crucible. 

26.  Rate  of  solution. — Whether  the  rate  of  solution  has  any  direct 
influence  on  the  carbon  deposited,  I  am  unable  to  affirm  with  certainty. 
If  it  does,  the  effect  is  probably  small;  for  instance,  solution  in  concen- 
trated HCl  (No.  42)  takes  place  relatively  slowly,  as  does  also  solution  ia 
dilute  acid  (41).  But  the  large  amount  of  carbon  found  is  probably  due 
to  atmospheric  influence.  Nevertheless,  in  view  of  the  large  thexmal 
effect  already  pointed  out,  it  can  not  be  asserted  that  the  rate  of  sola- 
tion  is  a  negligible  factor. 

26.  Structural  density, — In  experiments  Nos.  47  and  48  one  sample 
was  drawn  down  and  the  other  diminished  in  diameter  by  solution, 
whereupon  both  were  identically  dissolved  for  analysis.  There  is  no 
diff'erence  in  free  carbon  discernible.  Inasmuch,  however,  as  the  di'awn 
strain  is  characterized  by  superficial  condensation  accompanied  by  core 
dilatation,  I  was  induced  to  ascribe  the  differences  in  the  values  of  m 
for  rods  Nos.  57  to  62  to  some  such  cause;  for  here  the  exx)eriments 
were  made  in  a  way  to  take  advantage  of  all  refinements  of  research. 
Yet  the  low  value  of  No.  62  (corroborated)  defies  explanation.  Had  the 
precipitate  been  too  large  it  might  have  been  aacribable  to  an  imper- 
fect valve. 

27.  Summary. — Summarizing  the  above,  I  conclude  that  such  carbura- 
tion  differences  as  appear  in  the  above  data  are  to  be  looked  upon  as  the 
result  of  secondary  decomposition.  In  the  case  of  soft  steel  the  solu- 
tion in  HCl  produces  an  unstable  carbide  which,  under  the  influence  of 
an  oxidizing  agency,  splits  up  with  a  deposition  of  carbon.  The  pre- 
cipitate found  in  such  cases  is  no  indication  at  all  of  the  carbon  actaally 
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free  in  steel.  So  far  as  the  above  results  go,  the  effect  of  mechanical 
strain  on  the  carburation  of  steel  is  not  demonsti^able;  at  least  all 
molecular  disintegration  superinduced  by  mechanical  means  is  negligi- 
ble in  comparison  witli  the  present  errors  of  the  method  for  estimating 
free  carbon.  It  might  be  inferred  that  the  qualitative  difference  in 
the  carburations  of  glass-hard  and  of  soft  st^el  is  also  to  be  suspected. 
Ill  this  case,  however,  sharp  distinction  maybe  made  as  follows:  In 
glass  hanl  steel  it  is  impossible  by  any  rational  method  of  treatment 
to  obtain  precipitation  of  free  carbon  out  of  the  solution.  In  soft  steel 
it  is  equally  impossible  by  the  same  rational  method  of  treatment  to 
dissolve  without  a  free-carbon  deposit.  For  intermediate  tempers 
proportionate  amounts  are  deposited  (cf.  N'os.  63  and  64,  which  close 
the  analyses). 

Finally,  to  distinguish  between  the  different  kinds  of  carburation 
empirically,  two  methods  suggest  themselves:  Solution  may  be  made 
either  in  a  current  of  hydrogen  in  hermetically-closed  vessels,  under 
identical  conditions  of  concentration  (grammes  HCl,  "per  gramme  water, 
per  gramme  steel),  and  of  temperature,  etc.,  for  all  wires  j  or  else  in  a 
current  of  oxygen  under  the  same  identical  conditions.  In  the  former 
case  presumably  only  the  free  carbon  in  the  steel  is  actually  deposited. 
In  the  latter  case  (oxidation)  the  free  carbon  is  definitely  incremented 
by  the  deposition  obtained  from  the  oxidizable  unstable  carbide. 

I  took  steps  toward  testing  the  first  of  these  methods  (solution  in  a 
current  of  hydrogen),  but  have  thus  far  been  prevented  from  pushing 
the  question  decisively  to  an  issue. 

28.  OsmonWs  a  and  /?  iron. — If  the  difference  between  steel  hardened 
mechanically  and  the  same  steel  soft  is  due  to  Osmond's  a  and  fi  iron 
(cf.  §  5),  then  the  possibility  of  molecular  change  due  to  the  mechanical 
treatment  is  beyond  the  province  of  the  present  method.  It  is  well  to 
bear  this  in  mind.  Carbon  under  certain  conditions  may  be  favorable 
to  the  stability  of  (5  iron,  but  it  is  not  essential  to  its  existence  beyond 
a  certain  relative  quantity.  In  view  of  these  considerations  the  exper- 
iments of  the  next  chapter  are  more  pertinent  to  the  subject  of  inquiry. 
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CHAPTER    IV. 
THE  EFFECT  OF  STRAIN  ON  THE  RATE  OF  SOLUTION  OF  STEEL. 

INTRODUCTORY. 

39.  The  difficulties  encountered  in  the  preceding  section,  in  which 
the  effect  of  strain  on  cirburation  is  directly  put  to  test,  suggesteil  a 
possible  solution  by  indirect  methods.  It  is  well  known  that  the  effect 
of  mechanical  treatment,  for  instance,  of  rolling,  drawing,  etc.,  is  ai>t  to 
show  itself  in  the  structure  of  the  metal  when  acted  on  by  acids.  The 
fiber  of  iron  may  thus  be  clearly  exhibited;  and  even  in  cases  of  gal- 
vanic solution  the  surface  often  becomes  furrowed  and  marked  in  a 
way  indicative  of  definite  structure.  It  appears,  therefore,  that  some 
parts  of  the  metal  are  more  electroiK)sitive  than  others;  audit  does 
not  seem  improbable  that  homogeneous  and  strained  metal  may  be 
distinguished  by  studying  their  respective  rates  of  solution  under 
given  conditions. 

METHOD. 

30.  Solution  experiments  of  this  kind  are  given  in  the  following 
tables.  The  method  of  experiment  is  again  simple.  The  weighed  rods 
of  known  length  are  placed  in  a  small  tray  made  of  narrow  strips  of 
hard  rubber.  Thus  they  can  all  be  submejged  or  withdrawn  from  the 
acid  at  the  same  time.  Some  care  was  necessary  as  regards  drying 
the  samples  before  weighing.  Having  taken  them  out  of  the  solution 
on  the  tray  (this  was  4j=  shaped,  with  the  wires  placed  across  either 
set  of  parallel  bars  or  rubber  strips  are  placed  edge  upward),  the  wires 
were  submerged  in  water  and  then  dried  in  an  air  bath  at  100^.  The 
bars  of  the  tray  were  notched  so  as  to  avoid  displacement  of  the  wires. 
As  they  could  be  carried  together,  it  was  not  necessary  to  touch  them 
except  with  the  forceps  before  weighing.  This  structure  of  the  tray, 
moreover,  is  such  as  to  allow  free  circulation  of  acid.  The  essential 
data  to  be  noted  are  the  temperatures  of  the  acid  and  the  weight  and 
length  of  eaeh  rod  before  and  after  dipping.  From  this  the  radius  for 
each  case  may  be  calculated.  Two  series  of  experiments  must  be  made 
for  each  group  of  steel  rods.  It  is  first  necessary  to  find  the  consecu- 
tive solution  data  in  case  of  homogeneous  wire  gradually  decreasing  in 
thickness;  with  these  data  the  corresponding  results  for  wire  draicn 
dotcn  from  the  original  homogeneous  wire  may  then  be  compared, 
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TABLES. 

31.  In  Table  11  T  give  the  results  for  three  identical,  nearly  homoge- 
neous st€el  wires, about  o*™  long  and  originally  •127*^"'  thick,  submerged 
in  dilute  acid  of  a  ^ven  kind,  for  consecutive  intervals  of  time  of  one 
hour  each.  Here  0  is  the  temperature  of  the  acid ;  m  the  mass  of  tlie 
rod  in  grammes,  r  the  radius,  and  Jr  the  consecutive  decrement  of 
radius  due  to  solution.  The  progress  of  the  experiment  may  be  followed 
by  consulting  either  M  or  r.  Corrections  are  applied  for  the  reduction 
of  length  due  to  solution. 

In  Table  12  data  are  given  for  drawn  steel,  the  thickne«s  of,  the 
individual  wires  varying  between  •127<^"'  and  •084«'".  They  are  all 
drawn  down  from  the  same  sample  of  soft  steel,  so  that  the  larger 
thicknesses  are  soft,  the  thinner  wires  very  resilient  and  brittle.  All 
wires,  I^os.  1  to  7,  are  submerged  together  f  but  variations  of  strength  of 
acid,  time,  and  temperature  are  the  causes  of  differences  of  mass  dis- 
solved in  successive  solutions.  From  Table  11,  however,  the  rates  of 
solution  for  different  thicknesses  of  homogeneous  wire  are  known. 
Hence  the  behavior  of  the  drawn  wires  during  each  solution  can  be 
te^sted.  In  Table  12,  itf',  r',  Jr'  denote  the  mass,  radius,  and  variation 
of  radius  of  the  drawn  wire,  Jr'  being  simply  the  difference  between 
consecutive  values  of  r  before  and  after  solution.  Jr  may  therefore 
be  interpolated  from  Table  11  by  making  the  first  teijn  of  Jr'  and  Jr 
identical.  The  wires  of  each  group  are  submerged  and  withdrawn 
in  like  manner.  In  passing  from  group  to  group,  however,  a  change 
of  acid  is  unavoidable. 


Table  11, — Solution  of  soft  (S)  tiieel,  noifiial  experiment. 
[Time,  Ifc.  i=5«-.  i  =  7-7]. 
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0       !        0 
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207      I 
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2-9  || 

330  I' 
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30-2 
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33-3 
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41-7 
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32-8 
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3-5 


JfxlO' 
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31-7 
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Table  ^.Solution  of  drawn  sUel,  originally  S, 


Jf'XlO^ 
r'xlO* 
Ar'XlO' 
ArXlO' 

If' X10» 
t-XlO* 
Af-xlO' 
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Xo.  1, 

So.  2. 

No.  3. 
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No.  8. 

No.  7. 
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248 

203 

1 
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57-3 

53-2 
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287 

218 

176 

167 

81-4 

58-6 

54*3 

49-6 

44-7 

•       40-3 

39-2 

21 

2-9 

30 

3-7 

2-8 

80 

2-8 

2-1 

2-2 

2-3 

2-3 

2.5 

2-7 

2-7 





_ 

-  — 

384 

348 

868 

za 

184 

148 

137 

69-3 

56-4 

51-4 

46-2 

41-1 

36-7 

35-5 

21 

2-2 

2-9 

3-3 

8-6 

38 

3-7 

21 

21 

2-2 

2-4 

2-5 

2-7 

2-7 

367 

325 

204 

204 

155 

117 

106 

580 

54-5 

491 

43-4 

37-7 

32-7 

311 

1-8 

1-9 

2-3 

2-8 

3-4 

4-0 

4-4 

1-8 

1-3 

1-4 

1-6 
166 

1-6 
119 

1-7 

1-8 

887 

292 

229 

79 

66 

56-4 

61-7 

45-8 

391 

330 

26-9 

24-6 

26 

2-8 

3-3 

4-3 

4-7 

6-8 

6-5 

28 

2-7 

89 

3-2 

3-6 

8-7 

40 
37 

313 

264 

198 

136 

94 

53 

53*4 

491 

42-6 

35-4 

28-9 

221 

;     18-5 

20 

2-6 

3-2 

3-7 

4-1 

3-9 

61 

20 

21 

2-3 

2-5 

2-8 

3-1 

3'3 

286 

237 

170 

109 

63 

24 

IS 

51-2 

46-6 

39-5 

31-7 

23-9 

150 

10-9 

2-2 

2*5 

31 

3-7 

50 

71 

7-6 

2-2 
238 

2-3 

2-5 

2-8 
69 

3-8 

3*8 

(4-3) 

185 

113 

31 

46-7 

41-2 

321 

25-2 

16-7 

4*6 

6-4 

7-4 

6-5 

7-2 

4-5 

4*8 

5-9 
90 

60 

7-2 



m 

144 

41 

6 

42-5 

36-5 

28-7 

19-5 

7-5 

4-2 

4-7 

3-4 

5-7 

9.2 

4-2 

4-6 

5-3 

6-3 

-     —  - 

130 

84 

38 

2 

34-6 

27-8 

18-6 

4-7 

80 

8-7 

10-9 

2-8 

80 

8-9 

10-3 

98 

56 

12 

800 

22-7 

10-5 

4-5 

61 

81 

4-5 

51 

6-5 

67 

25 

» 

24-8 

15-4 

5-2 

7-3 

6-2 

6-8 
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Tables  13, 14, 15  and  16  are  constructed  on  the  same  plan  as  Tables 
11  and  12.  The  steel  wires,  however,  are  of  different  temper.  Table  3 
contains  the  normal  experiments,  the  rods  being  submerged  in  hydro- 
chloric acid  of  a  given  strength  throughout  during  successive  intervals 
of  two  hours  each.  The  rods  are  about  6«"  long,  and  Nos.  1,  2,  3  are 
annealed  at  red  heat  in  air  from  the  soft  state;  Nos.  4, 5, 6,  annealed  at 
red  heat  in  air  from  the  glass-hard  state;  No.  7  is  glass-hard.  O^M^r^ 
etc.,  have  the  signification  already  given.  In  Table  14  five  soft  rods, 
annealed  at  red  heat  in  air,  are  tested.  M'^  r\  Ar'  are  their  solution 
data.  At  is  interpolated  from  Table  13  by  making  the  first  term  of 
At  and  At'  identical.  In  Table  15  six  glass-hard  rods,  annealed  at  red 
heat  in  air,  are  tested.  Notation  as  before.  Abbreviations  which  refer 
to  temper  and  hardness  are  given  in  §  19  above. 


Table  13. — Solution  of  soft  (S  A)  steel,  normal  experiment, 

•   [Z^5«.  a =7-7.] 


8-SA. 

G  H-S  A. 

1 

GH. 

9 
M 

r.vlO^ 
ArxlO\ 

9 
M 

rxioi 
ArxlO». 

9 

M 

rX10» 

ArXlO". 

9 
M 

rxlO^ 
ArXlO'. 

9 
M 

rXlO^ 
ArXlO\ 

9 
M 

rylD» 
ArXlO*. 

L   1 

rxlO»    1 

ArX10».  1 

No.l. 

No.  2. 

No.  3. 

No.  4. 

No.  5. 

No.  6. 

No.  7. 

•489 

•487 

•488 

•492 

•495 

•491 

•489 

63-5 

63-4 

63-2 

637 

63-8 

63-5 

635 

32-4 



""32^r 

32-4 

32-4 

32-4 

324 

32-4 

•465 

•452 

•452 

•461 

•462 

•461 

•4C7 

81-2 

61-1 

811 

61^7 

61-7 

61'7 

621 

2-3 

23 

21 

20 

21 

1-8     ; 

1-4 
32-4 

32-4 

32-4 

324 

32-4 

32-4 

324      ' 

•415 

•412 

•413 

•425 

•425 

•426; 

•441 

5R-5 

58-3 

683 

59-3 

593 

503      , 

60-3 

2-7 

2-8 

2-8 

24 

2-4 

2^4      1 

1-8 
28-7 

28-7 

28-7 

28-7 

28-7 

287 

28-7 

•387 

•883 

•385 

•398 

•396 

•400 

•423 

56-5 

662 

583 

572 

67-2 

57-5      1 

591 

20 

21 

20 

21 

21 

1-8 

12 
29-4 

29-4 

29-4 

29-4 

29-4 

29*4 

29^4      1 

•858 

•354 

•356 

■372 

•369 

•874  1            •404 

54-3 

640 

Ml 

554 

55^1 

55-5      1        57  0 

2-2 

22 

2-2 

1-8 
29-3 

21 

20 
29-3 

293 

29-8 

293 

293 

29-3 

•828 

•328 

•327 

•345 

•341 

•348 

•:{84 

62-0 

61-8 

52-0 

53-4 

530 

53-6 

56-2 

2-3 

2-2 

21 

20 

2-1 

19 

14 
29-5 

295 

29-5 

29-5 

29^5 

29-5 

•296 

•299 

•318 

•313^ 

•320 

•363 

495 

50-3 

51-3 

50-8 

51-4 

54.8 

23 

1-7 

21 

2-2 

2-2 

1-4 

^ 

jogle. 
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Tabi^  13. — Solution  of  soft  (SA)  steel,  normal  experiment — Contmaed. 


S^A. 

G  H-S  A. 

GH. 

B 
M 

rxios 
Ar  •  lO''. 

B 

ir 

rxlO» 
ArxlO* 

B 

M 

rX10» 

Arxl0».  I 

B 
M 

rXlO* 
Arxl0«. 

No.  4. 

B 

rxlO* 
ArXlO*. 

B         1 
2f 
r\  10' 
Arxl0». 

^'o.  6. 

B 
M 

rXl&* 
ArxlO'. 

No.  7. 

No.1. 

No.  2. 
29-5 

No.  3. 

No.  5. 

29^5 

29-5 

29-5 

295 

29-5 

•271 

■276 ; 

•293 

•^7 

•297 

•345 

47-3 

47^7      , 

49-2 

48-7 

49-6 

53-3 

2-2 
30-0 

26     ; 

300      1 

21 

:m)-o 

21 

1-8 

1-fi 

300 

300 

900 

•241 

•245 

•209 

•261 

•273 

•3-28 

44-7 

450 

470 

46-4 

47.6 

51-9 

2-6 

27 

2-2 

2-3 

21 

1-4 

300 

300 

300 

30-0 

300 

300 

•213 

•218 

•241 

•233 

•247 

•306 

41-8 

42-4 

44-5 

437 

45^1 

50^2 

2-9 

2-6 

2-6 

27 

2-4 

1-7 

300 

30-0 

30-0 

300 

300 

30*0 

•188 

•193 

•218 

•208 

•223 

•287 

394 

39-9 

424 

41-4 

42-9 

48-6 

2-4 

2-5 

2^1 

2-3 

2-2 

1-6 

300 

300      ; 

300 

300 

300 

30-0 

•170 

•174 : 

•200 

•189 

•205 

•271 

37-5 

379 

40-7 

39-5 

412 

47-3 

1-9 

20 
31-5      i 

1-7 

1-9 

17 
315 

1-3 

31-5 

315 

315 

31-5 

•146 

•152 

•177 

•164 

•183 

•250 

34-7 

35-5 

38-2 

36-7 

38-9 

45-4 

2-8 

2-4 
290      , 

25 

28 

2-3 

ID 
290 

290 

290 

29-0 

29-0 

•124 

•129 

•156 

•144 

•les 

•232 

319 

331   : 

35-9 

34-4 

86-8 

43-8 

2-8 

2-4 

23 

2-3 

23 

1-6 
283 

283 

28-3 

28^3 

28-3 

283 

•107 

•112 

•138 

•124 

•144 

•217 

29-6 

30-5 

33-7 

320 

34-6 

42-3 

2-3 

2-6 

2-2 

24 

20 

15 
27-6 

27^ft. 

27-6 

276 

27-6 

27-6 

.089 

•094 

•120 

•106 

•127 

•202 

270 

27-8 

31-5 

29-5 

323 

40-8 

2-6 

27 

2-2 
270 

2-5 

2-3 
270 

1-5 
270 

270 

270 

270 

•073 

•078 

1          -101 

•089 

•110 

•187 

245 

25-4 

29-2 

27-1 

301 

892 

2-5 

2-4 

2-3 

2-4 

2-2 

1    '- 
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Table  14. — Solution  of  drawn  8teel,  originally  S,  changed  to  SA» 

[1-4.  Q^».  fc=7.7.I 


M' 
r'XlC 
Ar'XlO* 
Arxl0» 

M' 
r'XlO* 
Ar'XlO* 
ArXlO* 

M' 
r'XlO* 
Ar'XlO' 
ArXlO' 

r'xlO* 
Ar'Xl03 
ArXlO* 

M' 

r'XlO* 
Ar'xlO» 
ArXlO* 

No.l. 

Not  2. 

No.  3. 

No.  4. 

No.  5. 

•390 

•340 

•264 

•212 

•167 

68-4 
•381 

69-1 

521 

468 

41-5 

•329 

•251 

•201 

•153 

62-7 

58-2 

50^8 

456 

398 

0-7 

0-9 

1.3 

1-2 

1-7 

0-7 

0-7     . 

0^7 

0-8 

0-8 

•372 

•321 

•242 

•188 

•143 

61-9 

57-6 

500 

44-3 

38-5 

0-8 

0-7 

0-8 

1-3 

13 

0-8 

d'S 

0^8 

09 

0-9 

•368 

•316 

•235 

•180 

•134 

ei-3 

570 

49-2 

43-1 

371 

0-5 

0-5 

0-8 

1-2 

14 

0-5 

0-6 

0-6 

06 

0-6 

•359 

•307 

•226 

•liB9 

•121 

60.8 

56-3 

48-2 

41^8 

85^3 

0-5 

07 

1.0 

13 

18 

0-6 

05 

0-5 

0-6 

0-6 

.362 

•301 

•215 

•159 

•107 

60-3 

557 

47.2 

407 

83'4 

0-6 

0-8 

1^0 

1.1 

1*9 

0-6 

0-5 

0.5 

0-6 

06 

•346 

•293 

•205 

•148 

•094 

59-8 

54-9 

460 

391 

31-2 

0^5 

0-8 

1-2 

16 

22 

0-6 

0-5 

0.6 

0« 

0-6 
•068 

•         330 

•271 

'183 

•124 

68-4 

52-8 

43-3 

358 

26-6 

1-4 

2^1 

2-7 

3-3 

4-6 

1-4 

1-4 

1-5 

1-6 

1-7 

•312 

•259 

•162 

•102 

•047 

56-9 

51-6 

413 

328 

22-3 

1-5 

1-2 

20 

3-0 

43 

1-5 

1-6 

1-6 

1-7 

1^8 

•277 

•223 

■129 

•066 

•014 

53-4 

47.9 

36.5 

261 

11.8 

3-5 

3-7 

4.8 

6.7 

105 

3-6 

3-6 

3-8 

4^1 

264 

•206 

•110 

•048 

520 

46-2 

337 

22-5 

1-4 

1-7 

2-8 

3-6 

1-4 

1-4 

1-6 

17 
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Table  14. — Solution  of  drawn  8tcelf  originally  S,  changed  io  SA — Continned. 

[1=4. 0-".  ^==7.7.] 


r'XlO* 
Ar'XlO' 
ArXlO* 

M' 

r'xlO* 
Ar'xlO' 
ArxlO* 

M' 

r'xlO» 
Ar'XlO' 
ArXlO* 

M' 

r'XlO» 
Ar'XlO' 
ArXlOS 

W 
r'XlO" 
Af-XlO* 
ArXlO' 

No.l. 

No.  2. 

No.  8. 

No.  4. 

Na5. 

•246 

•188 

•003 

•031 

50-4 

44.1 

31  1 

180 

1-0 

2.1 

2-6 

4-5 

16 

1-7 

1-8 
•075 

19 

•230 

•171 

•018 

48-7 

42-2 

279 

13-3 

1-7 

1-9 

3.2 

47 

1-7 

1-8 

19 

•214 

•150 

•068 

40-9 

40^2 

250 

, 

1-8 

20 

29 

1-8 

1-9 

2.1 

•199 

•140 

•043 

45-3 

381 

21 -4 

1-8 

21 

3.6 

1-6 

1-6 

1-8 

•176 

•117 

.026 

426 

34-6 

16-5 

27 

3-5 

4-9 

•143 

2-8 
•086 

38-5 

29-8 

41 

4-8 

41 

4.3 

•129 

•072 

36^5 

27-3 

2lO 

2^6 

2-0 

2-1 
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M' 

r  X  103 

Ar'  X  103 
A  r  X  10' 

W 

r'  X  10' 
Ar'X  10» 
Ar  X  10» 

If' 

f-xlO» 
A  r'  X  10^ 
A  r  X  10' 

if' 
r'xio« 
A  r'  X  lo> 
Ar  X10« 

No.  4. 

W 

r'  X  10' 
Ar'XlO' 
ArX  10' 

r'XlO" 
A  r'  X  10' 
ArXlO* 

No.  1. 

•393 
63-8 

No.  2. 

No,  3. 

No.  5. 

No.  6. 

•321 
680 

•272 
64-3 

•229 
49-9 

•186 
44*9 

•382 

'311 

•201 

•217 

•176 

•151 

62-8 

587 

532 

48-5 

43-7 

405 

10 
10 

1-3 
10 

11 
1-1 

1-4 
I'l 

12 
1-2 

1 

•375 

•305 

•254 

•209 

•168 

•143 

«21 

574 

52-4 

47^8 

42-9 

39-8 

0-7 

1-3 

0-8 

0-7 

0-8 

07 

0-7 

0-7 

07 

0-7 

0-8 

08 

•371 

•303 

•219 

•204 

•164 

•139 

61-8 

57-3 

620 

47-2 

42-3 

394 

0-3 

01 

0-4 

0*6 

0-6 

0-3 

0-3 

0-3 

0-3 

0-3 

03 

03 

•363 

•294 

•242 

•195 

•154 

•137 

611 

56-5 

61-2 

460 

40-9 

38-6 

0-7 

0-8 

0-8 

1-2 

14 

0-8 

07 

07 

07 

0-7 

0-8 

0-8 

•356 

•288 

•2:15 

•187 

•148 

•126 

605 

55-9 

60-5 

451 

40-1 

arc 

0-6 

0-6 

0-7 

0-9 

08 

1-6 

06 
•350 

o-a 

•282 

0-6 
■229 

0-7 

07 

0-7 

•180 

•139 

•110 

601 

552 

49-9 

442 

388 

860 

0-4 

0-7 

0-6 

0-9 

1-3 

1-0 

0-4 

0-4 

•260 

0-4 

06 

0-6 

05 

•329 

•207 

•156 

•116 

■094 

58-3 

531 

47-5 

41-1 

35-3 

321 

18 

21 

24 

81 

8-6 

39 

1.8 
•311 

1-8 
•244 

1-9 

•188 

2-0 

20 
•096 

20 

•136 

•072 

56-7 

514 

45-3 

38-4 

322 

280 

1-6 

17 

2-2 

27 

81 

4^1 

1-8 

17 

18 

1-8 

1-9 

27 

•277 

•214 

•156 

•102 

•055 

•027 

53-4 

48-3 

412 

33-3 

254 

183 

33 

31 

41 

61 

6-8 

9-7 

3-3 

3-4 

8-6 

3-7 

4-0 

40 

■261 

•199 

•138 

•081 

•038 

•014 

51-0 

46-5 

38-7 

28-6 

213 

12^7 

1-5 

1-8 

2-5 

37 

41 

66 

1-5 

1-5 

16 

1-7 

1-8 
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Table  15. — Sohtlion  of  drawn  steely  originally  GH,  changed  to  SA. — Contiiincd. 
[Z=3-8'«  to  40«.        a=7-7.) 


M' 

r>  ^  10« 
Ar'OO' 
ArxlO' 

W 

r'xlO* 
Ar-  -  10' 
ArXlO' 

M' 

fxioa 
Ar'XlO* 
ArXlO» 

M' 

f  xlO' 
Ar'xio* 
ArXlO» 

M' 

r'xlO' 
Ar'XlO* 
ArxlOa 

M' 

r^xlO« 

Ar'vlO' 

ArXlO» 

No.  1. 

No.  2. 

No.  3. 

No.  4. 

No.  5. 

No.  6. 

•244 

•183 

121 

•065 

•021 

50-1 

44*6 

36-5 

274 

16-7 

1-8 

1-9 

2-2 

2-2 

4-6 

1-8 

1-9 

20 

21 

•229 

•167 

■105 

■049 

•008 

48-6 

42-5 

33-7 

«J3 

11-8 

1-5 

21 

2-8 

41 

49 

1-5      j         !•« 

1-7 

18 

• 

■213  j           -150 

•090 

•a'J4 

46-9      1       40-3 

31-4 

194 

1-7               2-2 

2-3 

89 

1-7               1-8 
•107  1            136 

1-9 
•074 

20 

•021 

4-:)- 1 

38^5 

28-5 

15-4 

1-8 

1-8 

2-9 

40 

•174 

1-8 
•114 

20 
•053 

42-4 

352 

240 

2-7 

3-3 

4-5 

2-7 

2-8 

30 

•140 

•085 

•028 

381 

30-3 

18.8 

4-3 

49 

52 

4-3 

45 

. 
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Finally,  in  table  16,  solution  comparisons  are  made  between  glass- 
liaid  and  soft  wires,  in  the  way  indicated  for  the  jn-eceding  tables. 
Kods  Nos.  1  and  2  are  glass-hard;  Nos.  3  and  4  soft;  !N^os.  5  and  6 
annealed  at  low  red  heat  in  air;  No.  7  annealed  at  very  high  red  heat 
ill  air.    The  time  of  submergence  was  3  hours. 

Table  W.—SQlHtion  of  steel,  GH,  S,  SA. 


Xo.  1. 

FI. 

S 

. 

S-SA. 

SA. 
No.  7. 

9 

lvo.2. 

No.  3. 

No.  4. 

No.  5. 

No.  6. 

r/10» 
AlXlO' 

rxlO' 
ArXlO"" 

MXIO^ 
rXlO» 
ArXlO^ 

3fxl0» 
rXlO" 
ArXlO* 

IfX  10' 
rXlO' 
ArXlO* 

If  X 103 
rxl0» 
ArXlO' 

JtfXlO* 
rXlO« 
ArXlO' 

487 

201 

489 

205 

487 

199 

487 

03. 

40-7 

63-5 

411 

63-4 

40-5 

63-4 

4H3 

199 

445 

189 

477 

105 

481      1      28 

G31 

40-5 

61-2 

39-8 

62-7 

401 

630  1 

0-3 

0-2 

23 

1-3 

0-7 

0-4 

0-4  1 

477* 

196 

387 

167 

465 

191 

475           28 

62-7 

40-2 

57-7 

37-8 

621 

89-8 

62-5 

0-4 

0-3 

3-5 

2-0 

0-6 

0-3 

0-5 

169 

193 

324 

144 

453 

186 

469 

62-2 

39  9 

53-3 

85-4 

61-4 

39-3 

62-2 

05 
462 

0-3 
189 

4-4 

2-4 

0-7 

0-5 

0-3 

250 

120 

439 

181 

462 

61-7 

39-4 

48-2 

32-6 

60-4 

38-7 

61-7 

0-5 
455 

0-5 
186 

51 
201 

2-8 

10 

0-6 
176 

0-5 
455 

09 

424 

61-2 

39-2 

42*8 

20-8 

59-4 

88-3 

61-2 

0-5 
418 

0-2 
183 

6-4 

2-8 

10 

0-4 

0-5 
447 



146 

78 

412 

170 

60-8 

38-8 

369 

26-8 

58-6 

37-7 

60-7 

0-4 
442 

0-4 
180 

5-9 

30 

0-8 

0-6 

0-5 



102 

61 

400 

165 

442 

60-4 

38-5 

31-0 

23-8 

67-8 

371 

60-4 

0-4 

436 
60-0 

0-3 

5-9 

3-0 

0-8 

0-6 

0-3 

— 

177 
38-2 

45 
205 

387 
570 

161 
36-7 

435 

59-8 

0-4 

0-3 

8-3 

0-8 

0-4 

06 

DISCUSSION. 

32.  Incidental  errors, — I  may  state  at  the  outset  that  secondary 
errors,  such,  for  instance,  as  might  be  ascribed  to  passiv  ity  of  steel,  are 
largely  avoided.  Care  was  taken  to  rub  the  rod  with  platinum  at  the 
beginning  of  each  solution.  Nevertheless,  it  is  not  impossible,  when 
the  rods  were  left  to  dry  over  night,  at  the  close  of  a  day's  series  of  ex- 
periments, that  some  retardation  during  the  first  stages  of  solution  on 
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the  succeeding  day  may  be  appreciable.  A  serious  diflBculty  is  en- 
countered because  of  the  unavoidable  cliange  of  tlie  room  temperature 
during  the  successive  solutions.  In  some  instances  I  endeavored 
partially  to  avoid  this  by  making  the  solution  in  the  cellar  underneath 
the  laboratory.  But  even  here  the  temperature  is  insulBaciently  con- 
stant for  fine  work. 

83.  Uffect  of  surface. — As  regards  the  plan  of  treating  the  above 
results,  it  appears  probable  that  the  masses  dissolved  in  case  of  a  given 
sample  and  given  solvent,  muJrt  be  simply  a  function  of  radius  and 
time  (correction  being  made,  of  course,  for  loss  at  the  ends).  If  the 
rate  of  solution  be  denoted  by  />,  its  value  at  the  radius  r  must  be 

p  r  = — <^'2  7rrdr/2  Tcrdt 
where  d  is  the  density  of  the  sample  and  dt  the  elementary  time  of  sola- 
tion.    p  therefore  is  the  mass  dissolved  under  the  given  condition  of 
form  and  solvents  per  unit  of  surfa<»>e,  per  unit  of  time.    Thus  it  appears 
that  the  mean  rate  during  the  time  t  will  be 

{fp4t)ltov^[6/t)lfdT, 
each  taken  between  corresponding  limits*    In  other  words  the  mean 
rate 


''-t£<^r^'->^-r.) 


where  ^— ^,=<.    If  therefore  t  be  chosen  constant,  rates  of  solution  are 
ta  each  other  as 

P  n  — ri 
It  is,  therefore,  an  apparently  simple  problem  to  deduce  the  relative 
mean  rate  directly  from  the  differences  of  radii — ^time,  figure,  and  chem- 
ical conditions  remaining  the  same.  But  from  the  data  of  the  above  tables 
such  simple  relations  do  not  at  all  appear.  Indeed  the  corresponding 
differences  of  mass  dissolved  are  very  much  more  nearly  constant  than 
the  corresiwnding  differences  of  radii.  In  other  words,  in  the  case  of 
cylindrical  figures  of  small  radius,  the  mass  dissolved  is  nearly  inde- 
pendent of  radius;  i.  e.,  independent  of  the  surface  exposed  to  the  action 
of  acid.  The  conditions  are  such  that  fixed  masses  of  solid  are  trans- 
ferred by  solution  to  the  liquid  state,  and  in  proportion  as  radius 
diminishes  the  thickness  of  shell  dissolved  in  given  times  rapidly  in- 
creases. 

84.  Effect  of  diffusion. — Without  doubt  the  underlying  cause  of  this 
observation  is  a  diffusion  phenomenon.  For  instance,  let  c  be  the  con- 
centration at  the  surface  of  separation  of  solid  and  liquid,  the  radins 
being  r.  Then  c.2nrdr  is  the  amount  of  salt  dissolved  in  the  first 
liquid  shell.  Now,  when  this  salt  dissolved  is  transferred  by  diffusion 
to  a  distance  r'  {r*>r)j  the  concentration  &  is  necessarily  smaller,  for 
o.27crdr=z&27rr'dr'^  or  cr=&r\  It  follows  at  once  that  the  difference  of 
concentration  for  a  given  value  of  dr  increases  at  a  rapid  rate  when  the 
radius  approaches  zero.    On  the  other  hand  the  rate  of  transference 
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of  the  solid  material  iuto  the  liqaid  state  must  depend  on  the  rapidity 
Tv^ith  which  e  diminishes  in  the  direction  of  r.  Hence  the  rate  of  solu- 
tion will  increase  in  proportion  as  smaller  thicknesses  of  wire  are  en- 
countered, inasmuch  as  the  conditions  favorable  for  the  transporta- 
tion of  the  dissolved  metal  are  enhanced.  This  follows  more  rigorously 
from  Pick's  law.  Adapting  Fourier's  theory  of  heat  conduction  to 
questions  involving  diffusion,  Fick^  proposed  do/dt=:xcPc/da^y  where 
e  is  the  concentration  and  h  the  diffusion  constant.  In  other  words, 
the  time  rate  at  which  concentration  progresses  is  proiK>rtioual  to  the 
space  rate  of  increase  of  the  same  quality.  The  truth  of  this  funda- 
mental assumption  was  afterwards  rigorously  tested  by  H.  F.  Weber.* 
Pick's  equation,  when  de/dt^%  or  the  diffusion  has  become  stationary, 
referred  to  polar  coordinates  is  d^(ro)/cir'=0.  Since  c=0  for  r=  co, 
this  reduces  to  cr^&r*. 

The  diffusion  effect  will  necessarily  be  of  smaller  consequence  when 
solution  takes  place  at  very  low  rates ;  for  instance,  in  the  case  of  glass- 
hard  steel.  It  is  also  greatly  modified,  past  recognition,  perhaps,  by 
the  escax>e  of  gases  from  the  body  undergoing  solution.  In  this  way 
convective  currents  are  set  up  accompanie*by  distributive  effects  very 
much  more  rapid  than  the  diffusion  phenomenon.  A  further  disturb- 
ance is  gravitational  convection. 

35.  WireH  originally  soft. — Nevertheless,  in  discussing  the  above 
results,  it  is  advisable  to  consider  the  relative  consecutive  value  otJM 
for  given  comparable  conditions  of  solution,  quite  as  much  as  the  rela- 
tive values  of  Jr,  or  the  consecutive  rates.  Inasmuch  as  there  is  a 
striking  tendency  toward  constant  values  of  jdM  independent  of  r, 
when  r  lies  below  a  critical  value,  apparent  in  all  my  results,  it  is 
probable  that  a  law  characteristic  of  the  solution  of  Alimentary  or 
small  bodies  is  here  expressed. 

Turning  first  to  Table  11,  the  following  correlative  values  of  r={r2+ 
n)i;  P=*'»— n  and  ^if=  Jfa— Jlfi  are  apparent.  The  variable  pis  iden- 
tical with  the  rate,  since  the  times  and  chemical  conditions  of  solution 
are  constant. 

Table  17. — Digest  for  originally  soft  wires.  t 


pXlO«=... 
AMX10«= 


63 
2-0 


61 
2-6 
39 


58 
2-7 
37 


55 
2-7 
37 


3-0 
37 


49 
2-9 


46 
8-2 
87 


43 
8-4 
35 


40 
3-6 
36 


36 
3-9 
33 


32 
8-5 
27 


8-0 
21 


41 
25 


21 
4-7 
24 


16 
5-2 


The  salient  property  of  these  data  is  the  rapid  increase  of  rate  en- 
countered immediately  after  the  superficial  layer  is  dissolved  off*. 
After  this  JJIf  is  nearly  constant  between  r  =  .060 «™  and  r  =  .040«">, 
whereui)on  it  decreases  rapidly.  On  the  other  hand  p  increases  contin- 
ually and  at  an  accelerated  rate.    Irregularities  of  outline  are  doubtless 

»  Pick:  Pogg.  Am.,  xciv,  p.  59,  1855;  PhU.  Mag.  (4),  x,  p.  80,  1855. 

•  H.  7.  Weber:  Phit  Mag.  (5),  viii,  p.  523, 1879}  Wied.  Aim.,  vii,  p.  469,  536, 1879. 
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the  effect  of  temperature.  The  distortion  is  greatest  in  the  curve  f*»r 
J  AT.  With  these  data  the  seven  drawn  rods  of  Table  12  are  to  beeino 
l)ared.  A8before2r'  =  r', +  r'2  and  p^z^r'i^r'i  for  each  solution,  aLtl 
Table  11  furnishes  values  of  p  in  case  of  the  normal  rod,  for  even 
value  of  r'.  By  making  the  first  t^rm  of  ^^h  series  identical  a 
corresponding  series  of  ^r=:pis  obtained.  It  is  expedient  to  repn* 
sent  p  and  p '  graphically  as  functions  of  t\  If  this  be  done  ij  ap- 
l)ears  that  after  the  first  shell  is  dissolved,  the  solution  of  drawn  wiir^ 
takes  place  at  greater  rates  than  the  solution  of  homogeneous  wire  uf 
the  same  radius.  After  dissolving  seven  shells  the  results  show  irre^^ 
ularities,  easily  accounted  for  inasmuch  as  the  finer  rods  gradually  br 
come  of  irregular  shape  and  fissured.  Again  the  results  for  AM  may 
be  represented  as  a  function  of  r',  showing  values,  which  as  a  rule,  in 
cfease  as  r '  decreases.  From  these  data  as  a  whole  it  follows  that  drawn 
steel  is  cast.  par.  more  easily  soluble  than  homogeneous  steel;  ag^iin 
after  the  superficial  layers  are  removed  the  rate  of  solution  increaM-» 
with  the  intensity  of  drawn  strain  or  resilient  properties  of  the  wire. 

36.  Wirc%  annealed. — Turning  now  to  the  results  of  Table  3,  in  which 
the  normal  data  for  wires  softened  in  air  and  for  a  glass-hard  wire  are 
inserted,  it  is  clear  in  the  first  place  that  as  soon  as  the  sn])erficidl 
layers  are  removed  the  rate  of  solution  increases.  This  result  corrol>o- 
rates  Table  11.  Apart  from  this,  however,  the  variations  of  rate  of 
solution  and  of  the  other  data  are  here  of  a  much  smaller  order  than 
was  the  case  for  Table  11.  Jilf  decreases  with  radius  at  a  somewhat 
more  rapid  rate  than  before,  and  hence  p'  =  Jr '  now  increases  at  a 
decidedly  less  rapid  rate  than  in  Table  11.  This  is  shown  in  the  follow- 
ing summary  for  wires  softened  in  air  (i.  e.,  S-SA  and  GH-SA). 

Table  18. — Digest  far  wires  annealed  in  air. 


10»  X  r=.... 

10»  X  p'  =  . . . 
lO*  X  A  Jf  — . 


62   |60 
21   I  2-6 
33   1 38 


58 
2-0 

27 


58 
21 
27 


54 

21 
28 


52 
21 
29 


50 
2-2 
10 


46 

2-4 
27 


44 

2-6 
28 


42 
2-3 
24 


40 

1-8 
18 


2-5 

23 


35 
2-4 


33 
2-3 

17 


30  So 
2-4  ti 

17  17 

i 


It  i^also  shown  in  the  results  for  the  glass-hard  wire  (G.  H.),  identi- 
cally submerged. 

Table  19. — Digest  for  hard  wires. 


I 


I 


I 


JO»Xr= 63       61       60      168 

10»  X  p  = I   1-4  I   1-8  ,   1-2  1   15 

10«A  If  =....'28     l26      Il8      119 

III! 


43     |41 

1-5    rs  ! 

14      16     , 


40 

1^ 


With  these  data  the  values  of  tables  14  and  15  are  to  be  compared 
in  a  way  already  enun(»iated  in  case  of  tables  11  ana  12.  The  data  be- 
ing constructed  graphically,  it  again  follows,  almost  without  exception, 
that  both  in  tables  14  and  15  the  rates  of  solution  of  drawn  wires  are 
greater  than  the  siaiilarly  circumstanced  rates  for  homogeneous  ^ttcn 
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There  also  is  a  weight  of  evideuce  in  favor  of  the  result  that  solution 
increases  with  the  degree  of  resilience,  i.  e.,  the  intensity  of  the  drawn 
strain.  In  other  words,  rate  of  solution  increases  as  the  (drawn)  diame- 
ter of  the  wire  of  each  group  diminishes;  supposing  as  above  that  the 
superficial  layers  of  the  wire  have  been  remove<l.  Finally,  in  Table  14, 
^M  also  continually  increiuses  from  larger  to  smaller  diameters,  for 
each  group,  until  the  diameter  of  the  rod  has  been  considerably  re- 
duced. In  Table  15,  however,  this  result  is  not  so  pronounced,  and 
j^M  remains  nearly  constant. 

Summarizing  the  above  results  as  a  whole,  it  follows  that  the  rate  of 
solution  of  drawn  steel  is  greater  than  the  rate  of  tlie  same  homogene- 
ous met<al  similarly  circumstanced.  After  the  superficial  layers  (prob- 
ably dense  low-carbon  steel)  have  been  removed,  the  rate  of  solution 
increases  with  the  intensity  of  drawn  strain.  To  a  smaller  and  less 
definite  extent  this  is  true  also  of  the  masses  dissolved  in  equal  times, 
in  cases  of  resilience  of  different  intensities,  other  things  remaining  the 
same. 

87.  Relation  to  Drown^s  inferences. — ^Table  16  finally  has  been  drawn 
up  to  show  the  enormous  difference  of  rate  of  solution  between  glass- 
hard  and  soft  steels.  Submergence  being  identical  for  all  rods,  it  is 
curious  in  the  first  place  to  note  the  difference  of  rate  of  Nos.  3  and  4, 
both  being  very  soft  steel,  as  well  as  the  high  rates  of  solution  of  these 
two  rods  as  compared  with  the  others.  The  special  feature  of  these 
experiments  is  the  fact  that  rods  annealed  at  red  heat  in  air  dis- 
solve quite  as  slowly  as  rods  quenched  glass  hard;  and  this  is  particu- 
lai'ly  the  case  when  the  rods  are  annealed  at  high-red  heat,  No.  7. 
This  observation  calls  to  mind  the  inference  of  Dr.  Drowne^,  viz,  that 
"there  is  a  limited  range  of  temperature  probably  near  the  point  of 
solidification  of  the  metal,  within  Avhich  the  separation  of  cai^on  from 
iron  takes  place,  and  that  the  amount  of  carbon  separated  in  any  given 
instance  is  proportional  to  the  time  consumed  by  the  pig  iron  in  pass- 
ing through  the  limited  range  of  temperature."  Now,  as  the  rate  of 
solution  increases  directly  with  the  free  carbon  in  steel,  caet,  par.,  the 
present  data  substantiate  Dr.  Drowne^s  reasoning. 

38.  Summary. — ^Perusing  the  above  pages  as  a  whole,  they  furnish 
evidence  favoring  the  opinion  that  the  effect  of  strain  on  metallic  struc- 
ture is  a  reconstruction  of  the  metallic  molecule;  but  since  the  rate  of 
solution  of  the  drawn  metal  is  greater,  it  does  not  follow  that  the  re- 
sults so  obtained  are  due  to  the  presence  of  fi  iron  in  a  iron,  unless  it 
be  supposed  that  the  negative  character  of  the  former  relative  to  the 
positive  quality  of  a  iron  increases  the  rate  of  solution  by  local  elec- 
tric action.  The  corrugated  and  deejjly  fissured  appearance  of  the 
rods  after  the  radius  has  been  much  reduced  is  in  keeping  with  this 
view.  Indeed,  an  exceedingly  curious  action,  which  I  frequently  ob- 
served, may  be  mentioned.    It  often  happens  that  the  solution  at  the 


'T.  M.  Drowiic:  Trans.  Am.  Iiisib  Mining  Eng.,  Ill,  1874-'75,  p.  41, 
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ends  of  the  rod,  instead  of  rounding  oflf  the  corners,  eats  its  war  de- 
cidedly into  the  axis,  so  as  to  form  a  reentrant  cone  of  some  deptL 
Again,  if  there  be  periodic  distributions  of  density  fi:om  the  sor&ce  in- 
ward,  an  inference  which  from  earlier  observations^  with  ^lass-hard 
rods  does  not  seem  improbable,  the  regularity  of  solution  expenmenfj; 
would  be  disturbed. 


iCf.  BuU.  U.  S.  G«ol.  Survey,  No.  35,  p.  38. 18M. 
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CHAPTER   V. 

THE    HYDROELECTRIC     EFFECT    OF  .  CHANGES    OF    MOLECULAR 

CONFIGURATION. 

INTEODUCTOEY. 

39.  Thehydroelectric  method  is  usually  regarded  as  the  most  delicate 
criterion  for  testing  changes  of  molecular  constitution  in  metals.  Un- 
fortunately its  indications  are,  in  the  present  instance,  distorted  by 
polarization,  t^olarization,  moreover,  is  apt  to  be  much  larger  than  the 
effect  to  be  studied,  so  that  the  observer  is  obliged  to  resort  to  methods 
of  measurement  in  which  a  fair  degree  of  constancy  of  the  error  in  ques- 
tion may  be  assured.  From  this  it  follows  that  unless  the  hydroelectric 
forces  are  as  large  as  the  interval  "  glass  hard  ^  to  "  soft,"  the  effect  of 
strains  which  can  not  be  applied  without  removing  the  wire  or  metal 
from  the  hydroelectric  bath  is  not  observable.  For  in  such  a  case  the 
I)olarization  varies  with  each  immersion.  Moreover,  certain  strains, 
like  the  drawn  strain,  show  different  mechanical  conditions  at  different 
distances  from  the  axis.  Hence  the  hydroelectric  constant  of  such  a 
rod,Vere  it  obtainable,  would  be  a  comi)lex  magnitude. 

In  magnetization,  the  hydroelectric  effect  of  which  has  been  dis- 
covered by  Remsen*  and  studied  by  Nichols*,  and  more  recently  by 
Rowland  and  BelP,  small  hydroelectric  effects  (<.03  volts)  can  be  de- 
tected because  the  metal  during  straining  remains  in  place.  Among 
other  mechanical  strains,  traction,  and  perhaps  torsion,  admits  of  similar 
application  to  a  metallic  wire  in  place. 

APPAEATUS. 

40.  In  the  annexed  figure  4  I  have  shown  the  apparatus  used.  a4io 
and  hh  are  consecutive  pieces  of  a  given  kind  of  soft  wire.  Of  these  aa 
is  to  be  stretched,  hh  examined  in  the  homogeneous  state.  Hence  aa 
is  fixed  between  two  points,  of  which  the  lower  is  on  the  circumference 
of  an  iron  drum,  i>,  which  can  be  rotated  by  aid  of  the  lever  LL  and 
fi'ictionally  fixed  in  position  after  any  rotation.  Usually  the  arcs  of 
rotation  of  Z>  were  180°^  and  four  or  five  such  strains  could  be  applied 
to  the  wire  consecutively  before  rupture  ensued. 


»  Rem  sen:  Am.  Chemical  Journal,  lii,  p.  ir»7,  1881. 

•Nichols:  Am.  Jour.  Sci .,  XXXI,  p.  272,  1880:  ibifl.,  xXxv,  p.  290,  1837. 

•Rowland  and  Bell:  Phil.  Mag.  (5),  xxvi,  p.  105,  1888. 
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Before  and  after  each  of  these  strains  measurements  of  hydroelectric 
state  were  made.  For  fliis  purpose  both  wires  are  surrounded  by  glass 
tubes  AA  and  BB  respet^tively,  held  together  by  aid  of  the  little  block 
of  wood  C.  These  tubes  were  (dosed  below  with  rubber  corks  through 
which  the  wires  passed  without  leakage.  The  tubes  were  tilled  either 
with  a  concentrated  solution  of  zinc  sulphate,  or  with  distilled  water, 
or  other  material  which  does  not  act  strongly  on  the  metal.    Thi>  elec 

trolytic  connection  between  A  A  and  BB 
.is  made  by  a  siphon,  8^  filled  with  the 
liquid  of  the  tubes  and  closed  at  s  with 
a  x)archraent  septum.  The  upi)er  ends 
of  the  wires  h  and  v  were  in  connection 
with  the  terminals  of  a  Mascart  elec 
trometi^r,  ov  with  the  properly  adjusted 
wires  of  an  apparatus  for  a  zero  method. 
After  straining  the  wire  aac  to  the 
lK)int  of  breakage,  the  apparatus  was 
reversed  and  hh  now  strained  in  the  same 
manner.  In  this  way  the  number  of 
distinct  measurements  for  each  adjust- 
ment could  be  doubled. 

The  wire  being  54*^™  long  and  the 
diameter  of  the  drum  about  1.7*"°  the 
extension  of  wire  per  rotation  of  180^ 
was  .approximately  2.6*^°',  or  6LiL=M 
nearly.  The  amount  diftered  shghtly 
when  wires  of  different  thicknesses  were 
used.  The  reduction  of  diameter  of  iron 
wire  before  and  after  straining  to  break- 
age is  therefore  considerable. 

EXPERIME3STS. 

41.  Zero  method, — In  communicating 

my  results  I  will  omit  the  data  obtained 

galvanically  by  the  zero  method.    For 

-J  the  polarization  disturbances  are  here 

of  larger  order  than  in   electrometrif 

Fio.  4.  Apparatus  for  raeaauring  the  hy-    WOrk,  au  aunoyaUCC   which   vitiatC^  the 

•       droeiectivoeffect  of  stretching.  greater  dclicacy  of  measurement.    Tlie 

remark,  however,  is  not  superfluous  that  all  the  results  were  found  to 
corroborate  the  electrometric  data. 

42.  ResulUfor  iron, — The  hydroelectric  effect  of  traction  is  charae 
terized  by  a  temporary  and  a  more  or  less  permanent  part.  The  tem- 
I)orary  })art  may  be  given  by  observing  the  differences  of  potential  at 
the  end  of  each  minute  after  straining,  as  well  as  the  throw  of  the  needle 
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immediately  after.  The  difference  of  potential  which  remained  when 
the  temporary  effect  had  subsided  I  called  the  permanent  part.  An 
allowance  of  five  miiiiites  was  usually  regarded  sufficient.  Of  course 
this  assumption  is  arbitrary;  but  whatever  errors  are  committed  are  of 
like  effect  throughout  the  series.  The  value  of  the  throw  is  expressed 
in  volts,  as  are  the  other  data.  In  all  I  made  about  7  series  of  this  kind, 
two  of  which  are  given  in  Table  20.  The  diameter  of  the  iron  wire^  be- 
fore straining  was  2p.='08C'^"" ;   after  breaking  2/)»=*078«™. 

tABLK  20.— Hydroelectric  effect  of  tenaile  strain. 
IROV  WIKE. 


«X  10*  teDiporury. 


StiraiD. 


iThrow. 


0 
I 

n 
in 

IV 

0 

I. 
II 
in 
rv 


—  0 


—26  |. 

—  0  :. 

-f-10  |. 
+12  L 


2- 


4* 


«X10» 
perma- 
nent. 


4-9 
+  7 
+U 
+14 
+  0 

—14- 
—13 

—  8 

—  4 

—  1 


Strain. 

«X10» 

temporary. 

Throw. 

1 
1-        2* 

1 

3- 

4- 

0 

I 

n. 
Ill 

IV 

0 

I 
11 
III 

IV 



1 

—18 
-2 
+  5 
+10 

1 

1    . 



—15 

-0 
+  2 

+  5 

«xio» 
perma. 
nent. 


+  0 
+  5 
+  9 
+11 
+18 

—  6  ' 

-i! 

—  0 
+  2 
+  3' 


Sxtenaion,  iL  /  L=  '05  per  pulL 

Badlal  oontraotion,  Ip  Ip< '03  per  pall. 

Mean  permanent  potential  increase  =  +  *003  volts  per  poll. 

The  character  of  the  data  of  table  20  is  such  as  to  indicate  super- 
imposed permanent  and  temporary  effects.  The  former  is  distinctly 
electropositive  in  all  my  results  j  negative  differences  of  i)otential  are 
numerically  decreased,  positive  differences  increased.  The  increase  of 
electropositive  quality  takes  place  simultaneously  with  the  increase  of 
length,  at  a  rate  which  varies  somewhat  in  the  different  experiments,  but 
the  mean  value  of  which  is  about  .003  volts  per  pull  of  the  extension 
dLjL  =  0-05.  This  is  equivalent  to  a  decrease  of  the  wetted  external 
surface  of  the  wire  of  about  5  per  cent,  provided  there  be  no  change  of 
volume.  The  measured  value  is  less  than  this,  for  the  circumference 
before  straining  was  found  by  aid  of  the  micrometer  to  be  2;rp.  =,  27«" 
and  after  straining  ^npj^  =  .24*^"  as  an  aggregate  of  four  pulls.  This  • 
corresponds  to  less  than  3  per  cent  of  diminution  of  the  wetted  surface 
per  pull. 

The  temporary  effect  is  equally  definite  in  character.  Independently 
of  the  value  of  the  permanent  effect,  the  former  is  at  first  invariably 
negative,  which  quality  is  successively  reduced,  until  finally  the  value, 
liaving  passed  through  zero,  becomes  positive.  The  intensity  of  the  first 
negative  throw  is  strong;  as  a  rule  more  so  than  the  final  positive  throw. 
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DISCUSSION  OF  RESULTS. 

43.  Having  thus  obtained  some  knowledge  of  these  phenomena /or 
iron,  it  is  expedient  to  indicate  in  passing  some  reasons  for  their  proba- 
ble cause.  Iron  submerged  in  any  aqueous  solution  is  polarized,  posi- 
tively by  a  coat  of  hydrogen.  Hence  it  is  practically  a  condenser,  whose 
capacity  increases  directly  with  the  wetted  surface,  cset^ris  paribus.  The 
effect  of  strain  is  therefore  of  a  twofold  kind :  In  consequence  of  the  jar- 
ring and  vibration  which  unavoidably  accomi)any  the  stretching,  some  of 
the  hydrogen  is  mechanically  shaken  off,  and  the  positive  potential  or 
positive  polarization  decreased  to  a  lower- limit.  Hence  the  negative 
throw  after  the  lirst  strain.  Simultaneously  with  this  result  the  capacity 
of  the  wire  is  diminished  in  consequence  of  stretching.  Hence  the  posi- 
tive potential  or  positive  polarization  is  increased.  If  this  last  effectt 
gradually  predominates  over  the  other  (effect  of  jarring),  the  temporary' 
throw  changes  Itom  negative  to  positive. 

This  explanation  is  nearest  at  hand,  and  it  need  not  be  sufficient;  but 
it  is  clear  at  once  that  before  any  hydroelectric  effect  can  be  ascribed 
to  strain  as  such,  it  is  necessary,  to  evaluate  the  polarization  effect,  as 
well  as  other  minor  errors,  such  for  instance  as  are  due  to  the  increase 
of  temperature  of  the  wire  during  stretching.  (Gf.  Wiedemann's  "Blek- 
tricitat,"  vol.  ii,  p.  773,  etc.) 

DATA  FOR  DIVERS  METALS. 

44.  In  the  following  tables  I  have  inserted  data  corresponding  to 
Table  20,  but  obtained  with  German  silver,  brass,  copper,  iron,  all  the 
wires  being  of  larger  diameter  than  before.  The  notation  is  the  same  as 
above.  In  Tables  21  to  24  zinc  sulphate  in  concentrated  solution  is  the 
electrolyte;  in  Tables  25  to  27  distilled  water  is  used.  At  the  ends  of 
tables,  the  mean  values  per  pull  of  extension  {6LjL)^  radial  contraction 
(Sp/p)y  permanent  potential  increase  e  volts,  are  inserted  for  each  wire. 

Table  21. — Hydroelectric  effect  of  tensile  etrain, 
(T<>rnian  silver,  zinc  enlphate,  J  g***  ~  ODS^ 


Strain. 

eXW 

temporary. 

«X10» 
perraa- 
nent. 

Throw. 

1- 

2-      1      3- 

4" 

0 

1 

i 

+27 
+28 

I 

+  36 

12 

1 r 

12            13  1 

16 

II 

+42 

16 

6 

-*i 

—19 

+35 

III 

+50 

19 

—1 

—10  ! 

-18 

+47 

IV 

+09 

42 

18 

9  1 

1 

2 

+51 

0 

+24 
+30 

I 

-^.12 

13 

7 

4 

4 

II 

+26 
+24 

+23 
+18 

III 

........ 

IV 

■ 1 

V 

I:;::;;'T.';::;"" 

1 

^L/L  —  Extension  per  pull  =  .05. 
Kadifil  oontrartiun  per  pull  --  ,02. 
Moan  periimueul  potential  increase  per  pall  = 


.005; 


3  .WUD,  ^  T 
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Table  22.-^JTydroelectri^  effect  of  tensile  strain. 
Brass,  dnc  sulphate,  |  ^^  ^  ;]9^; 


Strain. 

eX  10*  temporary. 

«X10» 
perma- 
nent. 

Throw. 

1- 

2- 

3- 

4« 

0 

+23 

I 

+21 

18 

12 

12 

13 

+39 

II 

+41 

31 

28 

25 

24 

+M 

UI 

+48 

30 

20 

18 

15 

+65 

IV 
0 

I 

—16 
—18 

+17 

4 

2 

0 

—2 

n 

18 

10 

6 

3 

1 

—18 

ilj  L^  Extension  per  pull  =-  'OS. 
Kailial  contraction  per  pull  -=  '015. 
Mean  ])ermanent  potential  increase  per  pull  —  '015. 

Tablk  23. — Hydroelectnc  effect  of  tennUe  strain. 

Copper,  zinc  sulphate,  J  gjl  ^  -iSO^" 


Strain. 

exl0»  temporary. 

^X10» 

IMTina- 

llCllt. 

+4 
+6 
+6 
-H6 

Throw. 

1- 

2- 

3- 

4« 

0 

I 

n 
ni 

IV 

i 

IV^ 

0  I           0 
0  1           0 

+3;            2 
+2:           2 

1 

0 
0 

1 

0 
0 
2 

0 
0 
2 

—6 

+0 

-1 

+2 
2 

2 
2 

2 

2 

2 

Extension  per  pnll  =  -05. 

Radial  contraction  per  pnll  =  -025. 

Moan  permanent  potential  xnorease  per  pnll  =  '001. 

Table  24. — Hydroelectric  effect  of  tensile  strain. 
Iron,  zinc  snlphatoi  {  2pb  =  'liTe- 


Strain. 

eXlO*  temporary. 

«X10» 

Tlirow. 

1- 

2- 

8- 


4* 

perma- 
neut. 

0 

I 

n 
III 

IV 

0 

I 

11 

in 

IV 

+8 

-5 
—3 
—7 

+4 

.    -7 

—7 

-7 

—58 
-36 
—22 
—36 

—42 
—24 
—  3 
—24 

-29 
-12 
-2 
-17 

-22 
—  1 
-2 
-14 

—17 
—  5 
-1 
-10 

—52 
—30 
—30 

-38        —24 

—17         —10 
—18  j      —  6 

—18 

—  6 

—  4 

—15 
_  4 
—  0 

i 

1 1 

Extension  per  pnll  =:^  -05. 

lUilial  contraction  per  jjnll  =  -035. 

Mean  permanent  potential  increase  per  pnll  =  '033. 
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Table  25. — JETydroetectric  effect  of  stretekUig. 
water  P'»'  =  *l** '■• 


[scan 


Stnin. 

e  X  10»,  temporary. 

e  X  16», 

Iiennan- 

ent. 

Throw. 

1- 

2. 

8» 

*■ 

0 

I 
U 
III 
IV 

0 

I 
n 
in 

IV 

-78 

—  44 

-52 
-66 

—  60 

+  73 
+103 
+  91 

+  77 
+  87 

+82 
+58 
+68 
+82 

73 
40 
49 
44 

.  59 
22 
28 
27 

48 
8 
14 
14 

39 
—2 

7 
8 

+42 
+21 
+28 
+29 

42 
U 
21 
24 

42 
13 
11 
14 

88 
8 

38 
6 
0 
3 

Extension  per  pull  =      *05 

Radial  contraction  per  pull  =      *02 

Hean  permanent  potential  inorease  per  pnll     =  db  -015 

Tabls  2%,— Hydroelectric  effect  of  itretcking. 

Iron.wfr{|j;  =  J^) 


Stnrfn. 

e  X  10»,  temporary. 

«  X  10», 

pemian- 

ent. 

Throw. 

1- 

2- 

3- 

4- 

0 

I 

n 

UI 
IV 

0 

I 
n 
m 
rv 

+16 
+79 
+95 

-17 
—10 

+48 

+24 

80 
28 

87 
29 

70 

-66 
-40 
-23 
—  6 

-33 

-  4 

-  8 

—17 

+  7 
+13 

—  8 

+14 
+14 

-3 

—1 

Ezt«n8ion  per  poll  =       *05 

Badial  contraction  per  poll  = 

Mean  permanent  potential  inoreaao  per  pnll  =  +  -027 

Table  27. — Miseellaneoua  toork. 
Copper  wire,  water. 


Strain. 

tfXlO*,  temporary. 

«X10«, 
perm  a* 
nent 

Throw. 

1- 

2« 

3- 

-4» 

0 

+15 
^+4 
+  2 
+27 
+28 

Jerk 

—42 
—35 
+29 
+13 

+  2 
—  4 

+28 
+  9 

Jerk 

• 

1,11 

+29 
+  7 

+34 
+  8 

III.IV 

Extension  per  pull  =  '06 

Hadial  oontraotion  per  puU  =  *03 
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Strain. 

«xlO«,  temporary. 

exlO\ 
periiia- 
iitiit. 

-8 
—25 
—29 
-21 
—10 
-6 
—  9 

Throw. 

1- 

2- 

8- 

4- 

0 

Jerk 

-21 
—35 

—17 

Jerk 

Jerk ,.-. 

Kub 

Rub 

Rub 

j 

0 

1 

' 

—  6 

I 

+35 

85 

35  1          31 



31 

•+:» 

Iron  wire,  wat«r. 


0 

1 1 i      ^0 

Jerk 

-42 
—49 
—46 

-15 
—28 
—21 

—  6         +2I !          -39 

—  6         +1    —36 

—  7    : -36 

1 —18 

Jerk 

Jerk 

After  waiting. 

1 ! 1             '            "^i 

German  allver,  2^=  'OSO"". 


Zinc  sulphate. 


Strain. 

exlO>,  perma- 
nent.       1 

strain. 

eXlO\  perma- 
nent. 

0 

+13! 

0 

—1 
—6 
—0 
—6 

I 

I 

n 

II. :.•::;::. 

in 

in 

EFFECTS  CLASSIFIED. 

45.  Turning  first  to  the  permanent  hydroelectric,  effect  of  traction, 
Tables  21  and  22  show  increments  of  decidedly  larger  positive  value 
than  hold  for  iron  in  Table  20.  The  eflfeet  for  copper  in  Table  23  is 
nearly  zero,  and  for  iron,  Table  24,  actually  negative.  Whatever  the 
effect  may  be  it  is  necessarily  to  be  considered  doubly  specific,  depend- 
ing both  on  the  metal  and  the  liquid.  Hence  I  made  further  investi- 
gations in  Tables  25,  26,  27,  by  replacing  zinc  sulphate  solntioli  by  dis- 
tilled water.  Here  it  is  found  that  the  permanent  effect  is  decidedly 
less  in  magnitude  for  zinc  sulphate  than  for  water,  from  which  a  close 
relation  of  these  phenomena  and  of  polarization  may  be  inferred.  More- 
over, the  effexjt  in  case  of  water  is  by  no  means  as  regular  as  in  the  other 
case.  In  Table  25,  for  instance,  the  permanent  points  inclose  an  area  of 
rhombqidal  outline,  showing  that  the  effects  of  initial  pulls  are  different  in 
Hign  from  those  of  final  pulls.  Again,  copper,  which  in  case  of  zinc  sul- 
phate is  not  charged  by  traction,  shows  a  hydroelectric  effept  in  ease 
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of  water  comparable  with  that  of  other  metals.  Again  the  changes 
iron- water  are  excessively  large.  Irrespective  of  sign,  the  magnituik 
of  the  hydroelectric  effect  has  increased  with  the  diameter  of  the  wires 
used. 

Among  results  bearing  on  a  later  paragraph  (§46)  I  may  mention  that 
the  permanent  effect  of  traction  of  iron  in  zinc-sulphate  is  sometimes 
positive  and  sometimes  negative,  depending  on  the  qualities  of  the 
wire.  Table  27  shows  a  specimen  of  German  silver  in  which  the  per- 
manent effect  is  negative. 

I  have  given  the  temporary  effects  in  their  absolute  values  (increments! 
at  consecutive  times,  independent  of  the  potential  of  the  wire.  In  case 
of  German  silver,  of  brass,  of  copper,  these  effects  are  distinctly  ipa^l 
tive,  i.  e.,  opposite  in  sign  from  the  temporary  effects  for  iron,  which  are 
invariably  electro-negative  both  in  the  present  instances  (Tables  24,  -Oi 
and  in  Table  20. 

DISCUSSION  OF  ERRORS. 

46.  Returning  to  the  explanation  suggested  above  (§  43),  it  appears  tbat 
in  German  silver,  copper,  and  brass  the  effect  of  diminished  capacity 
and  of  exposure  of  fresh  surface,^  due  to  stretching,  both  of  which  are 
positive,  predominates  over  the  negative  effect  of  accidental  jerkin<r. 
In  iron  they  do  not  so  predominate.  It  is  specially  to  be  noticed  that 
the  permanent  effect  is  entirely  independent  of  the  temporary  effert. 
Inasmuch  as  the  permanent  effect  is  obtained  by  commutation  (eM-h 
ele(ttrode  being  alternately  put  to  earth)  the  residuum  of  the  temponirr 
effect  is  discharged.  From  this  it  may  be  conjectured  that  the  api^a- 
ratus  acts  like  a  double  condenser. 

In  Table  27  I  give  some  data  bearing  on  the  probability  of  this  ex- 
planation. The  wires  were  adjusted  in  the  usual  way,  but  instead  of 
being  stretched  they  were  only  jerked  by  the  action  of  the  machine.  In 
this  case  a  negative  temporary  effect  is  obtained  in  all  the  metals,  about 
of  the  same  numerical  order  as  the  data  of  the  earUer  tables.  Simile 
results  follow  after  rubbing  immersed  parts  of  the  wires. 

Again,  the  temporary  effect  may  be  due  to  friction  at  the  axle  of  the 
drum.  But  such  an  effect  would  discharge  itself  to  earth,  unless  the 
wire  and  water  act  as  a  condenser.  It  would  necessarily  fall  out  of 
the  permanent  effect,  for  here  the  wires  are  alternately  put  to  earth. 

47.  Variable  capacity.  If  the  wire  be  of  the  tbrm  of  a  cylinder  of 
length  I  and  radius  r,  its  capacity  is  approximately 

C=zl/2ln-. 

'         r 

Hence,  since  the  charges  are  constant 

Q  =  FC  =  F'C"or  F/F'=logr/logr' 
whence  it  follows  that  ( F,'  and  V  being  identical) 


Fi'=  -    ^^^  ^' 


/-B'  _(F-F') 
log  r— log  r'^ 


^This  being  at  once  acted  on  by  tho  liquid^  falls  nader  the  eousidorations  mftde  cb 
text.  ^ 
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From  this  expression  the  polarization  of  the  wire  may  be  calculated 
ii-oiu  the  difference  of  potential  produced  by  traction.  The  data  of 
Tables  20  to  27  then  furnish  the  following  values  of  F'.'  The  subscripts 
attached  to  the  symbols  for  metals  refer  to  the  number  of  the  table. 

Table  28.— I>i<7c#^ 


MetAl. 

Fe, 

Args 

Br.    i 

Cu* 

Fe, 

Br. 

Fe, 

Co, 

log  r/loff  rif  . 

AFXIO* 

Vt' 

26 
3X4 
+•31 

6X4 
+•52 

33      1 
15X4 

19 
1X4 
^•08 

32 
-3X4 
-38 

25 
±15X4 
il-50 

30 
27X4 
+3-24 

15X4 
+  114 

ZnS<)4 

n,o 

If  the  wire  with  its  surrounding  liquid  juits  like  a  condenser,  of  which 
the  layer  of  polarizing  gas  (hydrogen)  is  the  medium  through  which  iir 
<luction  takes  place,  then  the  capacity  is  that  of  two  <;oncentric  cylinders 
of  radii  r^  and  ri,  respectively,  and  the  common  length  /.    Here 

gpeciflc  inductive  capacity  of  the  layer  of  gas  is  taken  as  1.  Now,  if  we 
proceed  as  above,  and  consider  the  charge  constant,  an  equation  similar 
to  (1)  may  be  obtained  by  introducing  some  reasonable  postulate  rela- 
tive to  the  thickness  e  of  the  polarizing  gas.  Suppose  e  =  constant ;  i.  e., 
that  before  and  after  each  pull  the  layer  has  not  changed  in  thickness. 
Then  V/  F'=(2r'+6)  /  {2r+e),  or,  approximately  ( TV  and  V^  being  iden- 
tical), 

^2'=^/L-^(T^-F') (2) 

Again,  suppose  the  mass  of  gas  to  remain  the  same,  so  that  27rre  = 
2;rrV.  Then  F/F=(2r'^+er)  /  (2r»+e),  or,  approximately  (\V  and  V 
identical), 


Hence,  Tables  1  to  8  furnish  the  following  digest: 

Tablk  29.— Digest. 


(3) 


Metal. 

j                ^ 

Fo, 

Argj 

Br, 

71 
106 

136 
204 

Cii« 

38 
•04 

72 
•07 

Fe. 

Br. 

Fe, 

57 
r54 

110 
300 

Cug 

38 
•57 

72 
1-08 

r/(r'-r) 

.39 
I      -12 

r75 
\      -22 

42 

•21 

77 
•38 

67 
-•20 

127 
-•38 

51 
±■76 

100 
±1-50 

>v    

ZnS04 

H,0 

In  discriminating^  between  Fi,  F2,  F3,  it  is  clear  that  the  conditions 

»Tbe  clone  analogy  of  a  polarized  voltameter  and  a  double*!  condenser  waa  pointed  out  by  Viirley 
(Pliil.  Tran«..  vol.  CXLI,  p.  129,  1872)  and  others.  Tbe  aubjwt  is  min:iicly  discuased  in  Wiedemann 'a 
Elcktricitat,  vol.  ii,  pp.  758  to  771.  It  may  be  observed  that  in  equation  (2>  the  Increment  of  potential 
varies  as  the  decrement  of  the  M'etted  surface.  k^ 
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under  which  Fi  applies  are  notgiven,  and  that  the  maximum  probability 
rests  with  V2',  but  this  quantity  is  not  decidedly  above  the  order  of  i>a'^- 
sible  polarization  for  the  cases  under  consideration.  Hence,  the  i>enna- 
nent  hydroelectric  effect  due  to  a  change  of  the  electro-x)ositive  quality 
of  a  metal  by  traction,  is  obscured  beyond  recognition  by  the  unavoid- 
able variations  of  polarization  accompanying  the  experiment. 

SINGLE  wntES. 

48.  Having  thus  failed  to  obtain  reliable  evidence  from  the  hydro- 
electric experiments,  I  endeavored  with  some  pains  to  discern  a  direct 
electrical  effect  (potential)  due  to  the  traction  of  an  insulated  wire. 
Here  again  I  failed;  for  not  only  is  the  needle  of  Maseart's  electrom- 
eter always  in  motion  when  connected  with  a  train  of  insulteci  wire, 
but  the  effect  of  traction  is  friction  at  the  points  of  fastening  at  the  cuds 
of  the  wire.  This  friction  of  the  metal  wire  against  the  insulators  is  apt 
to  evoke  relatively  powerful  charges  as  compared  with  the  tiue  effect 
of  traction.  Particularly  is  this  the  cTise  if  during  traction  the  drsteiHled 
wire  begins  to  loosen.  By  soldering  loops  at  the  ends  of  the  wire  the 
frictional  disturbance  can  be  reduced  to  a  minimum,  without,  however, 
lurnishing  definite  evidence  of  a  purely  traction  effect. 

'  SUMMARY. 

49.  In  the  above  paragraphs  I  have  endeavored  to  refer  the  very 
definite  hydroelectric  results  obtained  to  the  sim])lest  explanation  at 
hand.  But  it  is  necessary  to  bear  in  mind  that  the  phenomena  are  so 
largely  beyond  the  observer's  control  that  an  exhaustive  experimental 
discussion  is  out  of  the  question.  It  would  be  unwise,  therefore,  to 
lose  sight  of  other  points  of  view  from  which  they  may  have  a  direct 
bearing  on  the  r^^l  question  in  hand,  viz.,  the  possibility  of  molecular 
change  in  a  metal  corresponding  to  each  change  of  stniin  imparted  to 
it.  The  question  is  steadily  gaining  in  probability.  Osmond,  after 
making  an  elaborate  pyrometric  study  of  the  conditions  under  wbicb 
Gore's  phenomenon  occurs  in  iron,  i)ostulates  the  existence  of  an  a  and 
a  /3  variety  of  iron.  These  vjirieties  when  cgld  may.  be  distinguished 
physically  by  their  difference  in  hardness.  Moreover,  /^-irou,  besides 
being  produced  spontaneously  out  of  airon,  above  a  ce^iiin  tempenv 
tare  in  red  heat,  may  also  be  produced  in  small  quantity  by  straining 
a-iron  at  ordinary  temperatures.  I  i)ointed  out  that  such  a4iypothesis 
involves  the  occurrence  of  a  and  /?  varieties  of  most^netals,  even  when 
no  such  criterion  as  is  given  by  Gore's  phenomenon  is  observable. 
Quite  recently  Mr.  Cams- Wilson,'  from  experiments  made  on  the  vis- 
cosity of  strained  steel,  summarizes  his  experience  in  favor  of  Osmond^s* 
view.    Unfortunately,  the  well  known  effects  of  strain  on  the  thermo- 

1  Cania-WiUon,  Kature,  vol.  41,  1893,  p.  213. 

s  Osmond,  Auiiales  des  Mines,  July-August,  1888;  M6m.  de  rortiUcrle  de  la  Marino,  Paris,  l9Sd.p.4 
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electric  quality  and  on  the  resistance  of  metals  are  not  at  once  inter- 
pretable,  except,  perhaps,  in  so  far  as  they  are  accompanied  by  hystere- 
sis (Colin,  Warbur^j^,  Ewing,  Si^humaiin).  The  ion  theories  of  metallic 
electrical  conduction  now  coming  into  vogue  (J.  J.  Thomson,  Giese^ ), 
conditioned  a«  they  must  be  by  the  occurrence  of  marked  molecular 
in«t^bility  in  metals,  are  steps  in  the  same  direction.  1  will  therefore 
merely  point  out,  in  concluding,  that  the  simple  explanations  given 
above  for  the  temporary  effect,  which  was  found  consistently  negative 
at  first  in  iron,  and  consistently  positive  in  all  the  other  metals,  is  not 
satisfactory.  It  is  permissible  to  regard  it  as  the  direct  result  of  a 
change  of  molecule  due  to  straining;  for  it  is  precisely  in  the  first  stages 
of  the  temporary  effect  that  evidence  for  such  molecular  change  may 
reasonably  be  sought.* 

>  Gfese.  Wietl.  Ann.  vol.  37,  1889,  p.  576. 

*  Cf.  Rowlanil  and  Bell  (loc.  c-it.),  who  are  obliged  to  baae  their  inferences  on  the  temporary  liydro- 
electrie  effect  of  maguetizatioq.  In  all  problems  of  this  character  it  i»  necessary  to  distinguish  be- 
tween the  positional  stability  and  the  chemical  stability  of  a  molecule.  It  does  not  follow  that  if  tlic' 
former  qaalitjr  is  incroased  the  latt«r  will  also  be,  for  a  cheniical  solvent  doos  not  pick  up  molecules 
bodily,  but  b}'  disintegrating;  them.  In  certain  experim(>nts  on  the  isothermal  electromotive  force  of 
a  Danieli  between  10  and  1,8U0  atmospheres,  I  will  indicate  this  further. 
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CHAPTER    YI. 

THE  SECULAR  ANNEALING  OF  COLD  HARD  STEEL. 

INTBODUCTOEY. 

TnaRmiich  as  the  method  1  used  for  testing  Maxwell's  theory  of  tlie 
visex)8ity  of  solids  coutaius  a  proof  of  that  theory  a  fortiori,  I  did  not 
distinguish  in  that  pjiper  ^  between  a  break-up  of  configurations  of  molet-- 
ular  wholes  and  the  more  intensified  break-up  in  which  the  integrity 
of  the  molecule  itself  is  invaded.  The  exi>erimental  distinction  is  not 
always  easy.  If,  for  instance,  I  dissolve  certain  solids  (pitch,  say,  in 
turpentine)  I  may  produce  a  continuous  series  of  viscous  fluids;  but 
the  molecular  mechanism  by  which  this  is  brought  about  can  not  iu 
the  present  state  of  our  knowledge  of  solution  be  said  to  be  known.  I 
may  cite  another  striking  example,  ebonite,  which  above  lOO^  loses 
vicosity  at  an  exceedingly  rapid  rate  by  mere  heating;  but,  again,  the 
molecular  change  which  produces  the  viscous  eflfect  is  obscure.  And 
so  generally  in  less  remarkable  experiments.*  In  the  case  of  metals, 
it  appears  that  those  elements  whose  molecules  are  least  stable  and 
possibly  monatomic^  (K,  Na,  etc.)  are  of  a  soapy  consistency,  so  that 
here  vicosity  (Xachwirkung)  and  i>ermanent  set  can  hardly  be  dis- 
tinguished. In  general  it  appears  that  metallic  permanent  set  is  phys- 
ical manifestation  of  looseness  of  molecular  structure.  If,  as  in  the  case 
of  annealing  glass-hard  steel,  the  rigid  arch  (say)  of  molecular  wholes 
breaks  up  because  one  or  more  of  the  molecules,  the  st/ones  ofthat 
arch,  disintegrate,  and  if  the  decomposition  be  of  a  kind  that  the  debris 
may  be  chemically  recognized,  then,  by  coordinating  the  viscous  and 
the  chemical  observations,  I  obtain  a  fairly  good  notion  of  the  molecular 
mechanism  which  has  produced  the  viscous  eflfect.  This  is  the  method 
I  applied  to  prove  Maxwell's  theory.  But  partial  disintegration  or 
reconstruction  of  molecules  may  easily  be  conceived  to  occur  in  such  a 
way  as  to  escape  detection  altogether  or  at  least  to  escape  detection 
as  much  as  does  a  break-up  of  configurations  of  molecular  wholes.  It 
may,  I  think,  be  reasonably  supposed  that  the  solid  molecule  is  of  the 
form  M„,  in  wliich  n  is  variable;  and  any  given  value  of  n  will  occiu* 

1  Philosophical  Magazine,  LondoD,  August,  1888. 

»Cf.  Lothnr  Meyer  (Die  modernon  Thcorien  der  Cheraie,  Brenlau,  1884,  chapter  viii,)  on  solid  molfr^ 
cular  structure.  * 

•Ibid,  chapter  xvi,  sec.  308,  etc. 
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less  frequently  accorclinjj  as  it  is  proportionately  greater  or  le»s  tlmn 
tliemeauor  typical  value  of  n  for  the  solid.  The  effect  of  strain,  of 
change  of  strain,  or  even  of  long  continued  secular  subsidence  is  merely 
to  vary  the  distribution  of  molecules  M,„  so  that  the  general  properties 
of  any  observably  finite  part  of  the  solid  do  not  change.* 

I  will  adduce  other  points  of  view  in  succeeding  papers;  but  the  «ug- 
;^estions  stated  are  sufficient,  1  think,  to  show  the  importance  of  discerfi- 
ng  whether  the  cause  of  viscous  deformation  in  tempered  steel  is  the 
y[)e  of  viscous  deformation  in  general  or  whether,  in  using  the  phe- 
i;)ra?naof  annealing  steel  to  test  Maxwell's  theory,  I  have  merely  u\- 
erprcted  the  exception  to  prove  the  rule.  The  result  of  such  an  inves- 
i*;ation,  besides  tiirowing  light  on  the  structure  of  solid  matter,  must 
[Itirnately  lead  to  inferences  bearing  directly  on  the  questions  of  fusion, 
olution,  and  volatilization, 

RESULTS  FOR  HOMOGENEITY  OF  RODS. 

51.  This  inquiry,  being  essentially  a  comparison  of  detail,  will  consume 
luch  time  before  it  can  be  brought  to  an  issue;  and,  as  the  individual 
i^rts  of  my  work  have  led  to  results  which  are  of  interest*  apart  from 
le  purposes  to  ^hich  I  hope  ultimately  to  apply  them,  it  is  perhaps 
»st  to  communicate  the  data  separately.  The  following  results  on  the 
icular  annealing  of  cold  glass-hard  steel  essentially  sustain  the  infer- 
i  ces  of  my  last  paper.  They  were  omitted  because  of  the  space  occu- 
ed  by  the  discussions  there  given.  The  rods  to  which  the  data  refer  are 
Stubbs's  best  steel,  tempered  in  a  special  apparatus,^  by  aid  of  which 
e  wire  heated  to  redness  electrically  is  suddenly  whipped  into  water, 
•eshly  quenched  samples  of  wire  showed  specific  resistances  (0°  0.)  as 
^h  as  «=48.  All  the  rods  were  tested  for  longitudinal  uniformity  of 
nper  by  stepping  oiF,  as  it  were,  the  resistance  of  lengths  of  2*"".  each 
'  each  of  the  consecutive  S*'".  of  wire.  The  total  length  being  about 
'"',,  eight  measurements  were  thus  made.  A  device  utilizing  Mat- 
essen  and  Hockin's  method,  and  provided  with  a  suitable  rider, 
fibled  me  to  do  this  with  reasonable  accuracy.  Table  30  contains 
3  results  as  obtained  with  three  batches  of  wire,  of  the  diameters 

n  other  -words,  it  is  Iiere  sapposed  that  the  assumption  of  solid  state  has  not  thoroughly  oliminated 
liquid  or  even  the  gaseous  molecule  and  that  it  ha«,  on  the  other  hand,  produced  molecules  of 
iltra-solid  complexity.  Here  I  touch  the  keynote  of  certain  difflculties  in  my  mind  against  con- 
ing the  solid  molecule  as  a  uniformly  distinct  whole,  capable  of  rotation  (Kohlransch  viscosity) 
kpnble  of  translation  from  strained  to  isotropic  configuration  (Maxwell  viscosity).  I  look  upon  it 
more  ciiral>ersome  thing,  which  may  under  favorable  conditions  even  lose  its  identity,  and  which, 
ti  aiidergoing  the  motions  stated,  comes  into  serious  conflict  with  {contiguous  molecules.  Such  a 
,  even  if  it  be  mere  surmise  (excepting  the  case  of  hard  steel  diHCussed),  is  a  suggestive  working 
•tht*9is ;  for  it  seems  broad  enough  to  enable  me  to  circumscribe  the  true  phenomenon  by  clipping 
'(Mtulate.     This  is  the  general  endeavor  of  my  present  work. 

ia  well  known  that  experiments  on  the  secular  changes  of  metals  are  being  made  at  Glasgow  by 
[Sottomloy.    Cf.  Brit.  Assoc.  Report,  1888,  p.  537. 

fill.  V.  S.  Geol.  Survey,  Ko.  14,  I88o,  p.  20.    My  present  apparatus  is  horizontal  in  form  and  enables 
» <ltieneh  the  wires  from  any  degree  of  red  heat  in  water  or  other  liquid  at  any  desirable  tempera- 
See  Fig.  6,  p.  7,  BuU.  No.  73, 1891.  ^  j 
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2/>=:'081«".,  •044^™.,  and  •127<*".,  respectively.    The  approximate  resist- 
ance (microhms)  of  the  2^^\  of  length  is  designated  by  r. 

Takle  30. — LongUudinal  uniformity  of  temper  of  the  hieel  rods. — Variation  Jrom  mea»y 
in  termti  of  the  elecirical  intef^raL  hard-soft. 


Xo.l. 
r= 18500. 


•002 
4 
2 

-  1 

-  6 
4 
1 

-  4 


No.  2. 


-002 

-  M 

-  2 
2 

-  2  ; 

10 


Xo.  3.  I 
17700. 

•000 

0 

5 

5 

»5 

—  13 

0 

-  4 


No.  4. 

No.  5.' 

No.  6. 

No.  7. 

No.  8. 

No.  9. 

No.  10. 

17600.   17700.  |!  18500. 

1 

18400. 

18500. 

17400. 

1T900.  ^ 

,1 
•003    010  ',   -005 

•004 

•009 

•032 

•006 

—   2     10  1 

-   3 

—  11 

18 

-   6 

—   2 

-   7I 

-   7 

—  11 

11 

2 

7 

-  'j 

5 

5 

-  46 

2 

—   2 

6^ 

1 

—   3 

-  64 

-   2 

-   « 

-   7,,-   2 

—   5 

5 

-  16 

—   6  . 

—   2 

-  11  jl  -   7 

—   8 

5 

23 

10 

3 

2  1 

t 

0 

—   5 

1 

41 

-   6 

No.  11. 
r=C1200. 

•007 
«.  2 

—  7 

-  10 

1 

1 

1 

10 


No.  12. 

No.  13. 

60600. 

61200. 

—  007 

—  ■003 

_   1 

—   3 

—   4 

—   3 

—   7 

—  10 

5 

—   1 

—   3 

8 

13 

8 

No.  14. 
G0200.  ' 

•023  ' 

—  1 
1 

—  7 

—  4  ! 

—  4 

—  * 

—  *  i 


ia*.lo. 
62000. 

•016 

-  1 

-  3 

-  9 
2 

-  12 

-  1 
8 


No.  16. 

No.  17. 

No.  18. 

No.  19. 

No.  20. 

'  6800. 

1 

6760. 

6580. 

7290. 

6850. 

—  006 

•001 

—  009 

•001 

—  ■013  i 

—   2 

1 

7 

1 

—  20 

3 

5 

15 

10 

4* 

1-   ^ 

-   3 

8 

10 

17  ' 

'  -   2 

—   3 

—   1 

li 

13 

{-   2 

1 

11 

-  11 

13 

3 

-   3 

-   5 

-  11 

—  13 

7 

1 

—  20 

—  11 

4 

With  the  exception  of  No.  9,  the  variations  are,  as  a  rule,  well  witlii:i 
1  per  cent,  of  the  electrical  value  of  the  interval  hard-soft.  Where 
the  resistance  is  larger  or  smaller  than  the  mean  value,  it  is  possible 
that  the  parts  were  accideti  ta  Uy  splashed  by  the  water  iiii  mediately  before 
quenching  or  quenched  at  a  different  degree  of  red  heat.  But,  iua{>- 
much  as  the  series  of  measurements  for  each  rod  takes  some  time  aiid 
as  the  effective  resistances  are  necessarily  small,  I  believe  that  the  ro<ls 
are  even  more  homogeneous  than  Table  1  indicates;  for  the  errors  in- 
troduced by  variations  of  temperature,  by  the  difficulty  of  damping  the 
thin,  very  brittle  rods  (soldering  would  change  the  temper  enormously), 
and  by  other  inconveniences  of  manipulation,  are  by  no  means  neglij?i 
ble.  Hence  the  degree  of  homogeneity  fomid  may  be  considered  quiU^ 
satisfactory. 

MASS  CONSTANTS  OF  KODS. 

52.  In  Table  31 1  give  the  mass  wj,  length  /,  and  density  at  0°  C,  J91  of 
some  of  the  rods.  The  latter  datum  is  essential  for  the  determination 
of  the  sections.  1  shall  also  use  it  in  the  future  in  determining  the  secu- 
lar volume-changes  of  these  wires.  R<ids  Nos.  11  to  15  are  too  thin  for 
direct  measurement.  Hence  a  mean  value  of  /^o  was  here  assumed.  J 
may  add  that  in  the  soft  state  the  deitsity  of  these  rods  is  about  J«= 
7-80. 
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Tabub  31. — Ma»B  wnutanta  of  the  gUt89'hard  $ieel  rodt,  June^  1885, 
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ITo. 

m 

1 

At 

No. 

m 

1 

A» 

9'. 

cmUim, 

glcm^^ 

g^ 

em^m. 

gfem*. 

•MIO 

S4-95 

7-710 

11 

•3257 

2704 

•9644 

24*02 

7-680 

12 

-8322 

28-30 

•W7d 

29-25 

7-708 

18 

-3170 

27-20 

10483 

26^30 

7-706 

14 

•2888 

24-85 

1-OOTI 

25-46 

7-708 

15 

-3004 

26-07 

loatf 

25-80 

7-687 

16 

2-4713 

25-63 

7-676 

l-OOW 

26-47 

7-670 

17 

2-4857 

25-70 

7-671 

1-0074 

25-50 

7-682 

18 

2-1043 

22-50 

7-544 

10666 

26-68 

7-726 

19 

2-6327 

26-06 

7-685 

10 

10203 

25-68 

7-710 

20 

2-3557 

24-40 

7-653 

83.  Electrical  constants  ofrod%, — ^Table  32  contains  the  electrical  con- 
stants of  these  rods;  r^  being  the  observed  resistance  per  centimeter 
at  ^j  a  the  temperature  coefficient^  and  «o  the  corresponding  specific 
resistance  at  0^  0.  The  wires  were  quenched  on  June  1  and  2, 1885, 
and  the  measurements  made  at  the  time  given,  only  a  few  days  after 
hardening.  Sections  and  radius  are  given  under  g  and  p  respectively. 
In  most  cases  q  is  individually  determined. 

Tablb  32. — Bpedfio  reaiaianoe  of  the  glass-hard  steel  rods,  measured  June  4  and  8,  1885, 
[Effective  length,  20  om.  to  26  cm.] 


Kg. 

gxio« 

?pXlO» 

^1 

•      ( 

«X10» 

«• 

Omtim* 

Owtim. 

Uierohm. 

oa 

Microhm. 

1 

5152 

/      0260 

27-5 

1-5 

46-0 

2 

5168 

0250 

27-8 

1-5 

46-0 

8 

5126 

8870 

28-3 

1-6 

48-7 

4 

5173 

8810 

270 

1-6 

48-8 

5 

6 

5189 
5165 

'       80-6 

8840 
9260 

27-2 
26-8 

1-6 
1-5 

48-7 
46-1 

7 

6164 

9200 

27-0 

1-5 

45-8 

8 

5143 

9200 

26-3 

1-5 

460 

0 

5174 

8720 

26-3 

1-5 

43-6 

10 

5214 

I      8050 

25-1 

1-5 

451 

11 

1520 

r    80670 

25-2 

1-5 

45-1 

12 

1520 

30320 

25-3 

1-6 

44-4 

13 

1520 

44 

80620 

24-8 

1-5 

450 

14 

1520 

30060 

25-6 

1-6 

44-1 

15 

1620 

.     30990 

26-8 

1-5 

45-4 

16 

12560 

r      8400 

26-4 

1-7 

41-0 

17 

12610 

3382 

26-4 

1-7 

41-0 

18 

12400 

126-5 

4144 

28-6 

1-5 

49-5 

10 

12650 

3643 

26-7 

1-6 

44-3 

20 

12620 

3427 

27-2 

1-7 

41-5 

Finally,  Table  33  contains  the  electrical  constants  of  these  rods  made 
about  thirty-seven  months  after  the  first  measurement.    It  also  con- 
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tains  the  variations,  Jr^^  of  the  resistance  per  centimeter,  as  well  as  the 
variations,  Asoy  of  the  8i)ecific  resistance.  It  will  be  seen  that  As^b 
negative  thronghout,  whereas  the  effect  of  atmospheric  influence  and 
the  unavoidable  abrasion  in  cleaning  the  surfaces  of  the  wires  before 
measurement  would  produce  a  positive  error.  The  same  bridge  and 
the  same  standards  of  German  silver  are  used  both  in  the  measure 
ments  of  Table  32  and  of  Table  33.  The  fact  that  the  wires  differ  in 
diameter,  and  therefore  vary  largely  in  resistance,  is  a  guarantee  against 
the  eft'ect  of  differences  of  sectional  errors  of  the  bridge  wire.  Again, 
although  Aso  is  essentially  the  difference  of  secular  change  between  the 
steel- wire  and  the  German-silver  standards,  the  fact  that  two  stantLmls 
(1-0  ohm  and  O-l,  respectively)  were  used  at  least  partially  eliminates 
the  error  due  to  variations  in  the  standards.  Moreover,  the  electrical 
effects  of  corresponding  variations  of  temper  (steel)  and  of  the  drawn 
strain  which  the  German  silver  may  possibly  carry  are  enormously  dif 
ferent.  For  instance,  if  glass-hard  steel  is  boiled  long  enough  the 
change  of  resistance  may  reach  12  per  cent  and  more.  The  effect  of 
boiling  German  silver  is  of  the  order  of  some  tenths  per  cent.*  Hence  I 
apprehend  no  serious  error  in  ascribing  the  whole  of  the  observed  van 
ation  of  Sq  in  Table  33  to  secular  annealing  of  the  glass-hard  steel  rods 
under  experiment. 

Table  33. — Specific  resistance  of  the  glass-hard  steel  rods  nieasured  July  9,  1S8S,  «m2  the 

secular  variation. 


[q  afl  in  Table  32;«efteciive  length,  about  23  cm.] 


No. 

2pX10« 

^ 

i 

^^t 

«X10» 

s 

A«o 

Centim. 

Microhm. 

oC. 

Microhm. 

Microhm. 

Micr^rn. 

1 

f      8460 

—790 

r      41-7 

—  4-2 

2 

8430 

-^20 

41-7 

—  43 

8 

8010 

—860 

39-3 

—  44 

4 

7050 

—850 

39-3 

—  4-4 

5 
6 

80-6 

8010 
8460 

28 

-«)0 
-800 

1-7 

39-4 
42;0 

—  4-3 

—  41 

7 

8100 

-800 

41-5 

—  4-3 

8 

8510 

—750 

41-9 

—  41 

Q 

7020 

—800 

39-2 

—  4-3 

10 

.   8170 

.  -780 

40-8 

—  4-3 

11 

'  27860 

■  —2810 

40-5 

—  4-6 

12 

27710 

—2610 

40-3 

-4-2 

13 

-   44 

28000 

29 

2620 

1-7 

40-7 

—  4-3 

14 

27490 

—2590 

40-0 

—  41 

15 

28400 

.-2590 

41-3 

-4-1 

16 

C   2807 

r   -590 

'   33-3 

-7-7 

17 
19 

128-5 

2807 
2830 

29 

—  570 

—  810 

21 

33-4 
33-8 

-7-5 
—10-5 

20 

2808 

.  —  620 

83-5 

—  80 

»  Cf.  Bulletin  U.  S.  Geol.  Surv.  Ko.  14,  p.  94. 
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SUMMARY. 

• 

54.  Summarizing  the  results  of  Tables  32  and  33,  it  ai)pearR  that 
during  the  37  months  between  the  two  series  of  observations  the  specific 
resistance  of  the  rods  has  fallen  from  46*5  to  J42*5  in  case  of  the  thin 
rods  (diameter  <'08  centim.)  and  firom  43-7  to  35'4  in  the  case  case  of 
the  thicker  rods  (diameter  .13*^".).  Hence  the  variations  are  a  decre- 
ment of  specific  resistance  amounting  to  some  10  or  even  20  per  cent 
in  the  extreme  cases.  This  may  be  stated  succinctly  as  follows: 
Mean  atmospheric  temperature  acting  on  freshly  quenched  steel  for  a 
perirxl  of  years  produces  a  diminution  of  hardness  about  equal  to  that 
of  100°  0.  acting  for  a  period  of  hours.  Similar  results  have  been  sus- 
X)ected  for  magnetic  measurements;  but  such  results  are  very  much 
less  easily  interpretable  than  the  electrical  djita  of  Table  33 ;  for  earlier 
ineasuremeuts  prove  conclusively  that  the  electrical  variations  in  ques- 
tion are  sufficient  evidence  for  the  occurrence  of  concomitant  changes 
of  hardness,  volume,  carburation,  etc.  Finally,  the  above  results  show 
that  the  method  of  tempering  maguets  proposed  by  Br.  Strouhal  and 
myself  warrants  the  steel  against  secular  structural  instability  for  a 
time  certainly  exceeding  three  years. 
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CHAPTER  VII. 

THE  VISCOSITY   OF   ELECTROLYZINQ  GLASS. 

APPARATUS. 

65.  The  apparatus  by  T^rhich  I  endeavored  to  throw  light  on  this  ques 
tion  is  represented  in  Pigs,  5  and  6.  As  regards  principles  involved  they 
are  identical  with  my  earlier  apparatus.  Hot  and  cold  parts  of  a  glass 
tube  aJfc  are  counter  twisted.  To  accomplish  this  with  least  amount  ot 
breakage,  the  ends  of  the  tube  are  clamped  between  parallel  thin  boards, 
A  and  B,  and  cemented  with  mastic.  A  being  fixed,  torsion  is  applied 
at  B.  The  amount  of  this  is  never  very  large  and  it  may  be  gradually 
increased  by  a  screw  adjustment  acting  against  a  radial  lever  in  con- 
nection with  B,  The  experiment  is  troublesome,  as  the  brittle  glass 
tubes  frequently  break.  To  heat  any  part  of  ahc,  it  is  inclosed  in  one 
of  my  boiling  tubes,  ddddy  containing  mercury,  OGj  which  may  be 
kept  in  ebullition  by  the  ring  burner  RB.  The  mirror  If,  adjustably 
fixed  between  hot  and  cold  parts  of  ahcj  registers  the  amount  of  viscous 
deformation.  The  method  of  passing  current  through  the  tubes  is  dif- 
ferent in  the  two  figures.    The.  more  complicated  arrangement  in  Fig. 

5  secures  greater  constancy  of  temperature  along  cold  parts  of  the 
tube,  aU  hot  parts  being  above.  The  core  of  the  tube  abc  is  partly  filled 
with  sodium  amalgam,  as  shown  at  j5^"/',  and  one  terminal  of  a  dynamo, 
or  a  Grove  battery,  connects  with  this  at/'.  Again  the  tube  abe  is  sur- 
rounded near  its  middle  by  a  funnel-shaped  cup  FF^  also  containing 
sodium  amalgam.  This  can  be  drawn  up  into  the  central  tube  </^,  closed 
above  by  aid  of  an  exhaust  pipe  attached  at  F.  The  other  terminal  of 
the  dynamo  is  in  connection  with  F,  as  shown  at  h.  When  this  current 
is  made,  it  therefore  passes  in  at/,  into  the  core  of  a&c,  through  abc^  into 
the  core  of  gg^  into  the  cup  F^  and  thence  back  to  the  dynamo.    In  Fig. 

6  the  mechanism  is  much  simpler.  The  tube  abc  is  fixed  in  dddd  with 
a  plug  of  plaster  of  pans,  p,  and  abc  is  immediately  surrounded  by  the 
ebullition  mercury  O.  The  current  as  before  passes  in  at  /',  through 
the  walls  of  abc  into  Gj  and  thence  via  h  to  the  dynamo.  Some  care 
must  here  be  taken  in  screening  3f ,  the  mirror.  In  general  a  number 
of  screens  are  to  be  disposed  in  ways  which  easily  suggest  themselves. 
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RESULTS- 

56.  In  Table  34  I  have  given  my  first 
results  with  the  apparatus,  Fig.  6.  A 
battery  of  10  Grove  cells  was  used  as 
a  source  of  current.  Warburg's^  device 
of  sodium  amalgam  electrodes  was  not 
known  to  me  at  the  time,  and  I  here 
used  simple  mercury  for  the  puri)ose. 
The  current  in  this  case  was  originally 
about  '01  ampere,  but  fell  off  rapidly 
to  '001  ampere,  and  finally  vanished 
altogether.  The  results  of  the  table 
were  obtained  during  the  period  of  cur- 
rent; and  although  in  later  experi- 
ments I  applied  both  dynamo  and  inter- 
mittent currents,  the  effects  were  nil. 
Warburg  (loc.  cit.)  has  shown  that  glass 
partially  electrolyzed  is  a  condenser  of 
very  measurable  capacity,  the  dielectric 
being  filmy  silica.  In, the  table,  L  is 
the  length  of  the  tube,  a  the  length 
of  the  hot  part  (temperature  6^=360o), 
and  fc  the  length  of  the  cold  part  (tem- 
perature ^'=250),  respectively.  The 
mirror  is  at  a  distance  V  above  the  lower 
end.  The  rate  of  twist  is  r.  Finally  pi 
is  the  outer  radius,  p%  the  inner  radius, 
q  the  material  section  of  the  tube.  To 
understand  the  progress  of  the  experi- 
ment it  is  necessary  to  consult  the  time 
column.  The  viscous  datum  has  the 
same  meaning  as  above,  except  that  in 
the  present  instance  it  refers  to  rela- 
tively very  large  sections  g.  Hence 
the  smaller  amounts  of  viscous  motion 
observed.  Moreover^  in  case  of  glass, 
T  can  only  be  chosen  very  small,  if  liar 
bility  to  rupture  is  to  be  avoided. 

In  Table  35  the  dimensions  of  appa- 
ratus are  nearly  the  same  as  in  Table- 
34.  Twist,  however,  was  considerably 
increased,  almost  suflflciently  ta  produce 
rupture;  and,  moreover,  sodium  amal- 
gam is  here  employed.  The  result  was 
a  current  of  the  uniform  intensity  of 
0'02  ampere  traversing  the  glass. 

A  number  of  other  similar  experi- 
ments were  made,  all  of  which  led  to 

>  Warburg:  Wie<l   Ann.,  xxi,  p.  622,  1884, 
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results  of  the  same  iii<le<*isive  character. 
With  currents  of  the  small  intensity  given 
(<0'02  ampere),  viscous  effect*  ciin  hartlly 
beexpected  to  be  disceniible  within  thesmall 
interval  of  observation.  If  large  intervals 
were  chosen  constancy  of  temjMiratiire  in 
case  of  the  apparatus  given  (!ould  not  be 
guaranteed.  The  results  of  Table  'M  are 
such  as  to  suggest  the  actual  occurrence  of 
a  viscous  effect  of  current.  "This  is  not  8ttl>- 
stantiated  by  Table  35.  I  can  not,  hovvev^er, 
regard  these  results  as  conclusively  nega- 
tive. It  is  difficult  to  avoid  contact  between 
the  tubes  abc  and  (fg  in  Figure  5,  without 
choosing  for  the  latter  a  tube  inconveniently 
wide.  For  this  reason  I  abandoned  this  ap- 
]>aiatas  and  ma<le  the  fnrtlier  expeiimenta- 
tion  with  that  of  Fig.  (».  It  will  not  lie  nec- 
essary to  give  the  data  in  full.  They  are 
again  indecisive,  bec;i,uscthe  viscous  motion 
is  too  slight  for  shar])  discrimination.  The 
method  of  work  being  such  that  the  rate  of 
twist  was  successively  increas^^d  until  nii)- 
ture  finally  ensued,  it  appears  that  the  ex 
periment  was  carried  quite  up  to  the  limit^s 
of  attainable  accuracy.  In  Table  3()  I  indi- 
cate the  nature  of  the  results  for  the  case  of 
an  extreme  intensity  of  twist,  alter  which  the 
tube  broke, 

INFERENCES. 

67.  To  summarize:   When  the  available 
current  can  not  be  increased  beyond  the 
small  datum  given  in  the  tables,  it  is  im- 
probable that  viscous  effect  of  larger  value 
than  one  or  more  per  cent  is  possible;  but, 
to  discern  such  small  differences,  the  viscous 
motion  must  be  very  much  more  rapid.    In 
other  words,  very  thin-walled  tnhe^  of  small 
caliber  are  to  be  chosen.    In  such  a  case 
the  intensity  of  current  as  well  as  the  \is- 
cous   deformj^tion    will   be   effectively   in 
creased.      The    difficulties    of   experiment 
w  ith  thin  tubes  are  very  great,  so  that  1 
am  obliged  to  abandon  further  research  at 
present. 

In  conclusion  T  may  insert  some  remarks 
relative  to  the  conditions  under  which  in 
creased  viscous  motion  during  the  passa^ 
of  current   niav   be    Oviicrloil.       Pnif.  J.  J* 
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Thomson  and  Mr.  Newell*  have  sho\ni  that  for  small  .electromotive 
forces  the  leakage  in  case  of  a  liquid  dielectric  obeys  Ohm's  law,  thus 
iiKli<?ating  that  the  molecular  break-up  was  merely  directed,  but  not 
produced,  by  electromotive  force.  On  the  other  hand  Quincke,  using 
much  larger  electromotive  forces,  finds  that  the  leakage,  cjcteris  pari- 
bus, takes  place  according  to  some  higher  power  than  the  first  of  electro- 
motive force.  Hence  in  this  case  the  electric  field  is  actually  instru- 
mental in  dissociating  molecules.^  Since  Ohm's  law  is  rigorously  obeyed 
in  electrolyte^  it  is  questionable  whether  electromotive  forces  of  ordi- 
nary value  can  produce  viscous 'effects  even  in  case  of  solid  electrolytes, 
for  the  rate  of  break-up  is  not  thereby  increased. 

Tablk  34. —  Viscotity  of  ekvtrolifzing  glann,     Hg  terminals. 
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Now,  unless  the  electric  field  be  of  sufficient  intensity  to  produce  :\ 
marked  change  in  the  motion,  i.  e.,  the  free  path  of  the  ion,  it  is  not 
probable  that  such  a  field  will  modify  the  viscosity  of  glass.  Fields  of 
small  intensity  can  not  increase  the  molecular  instability.  Hence  tlui 
experiments  of  the  next  chapter,  the  character  of  whicli  is  nearly  the 
converse  of  the  present  experiments^,  are  better  calculated  to  sliow  posi- 
tive results. 

Table  35. —  Viscosity  of  ehvirolyzing  glass.    Na-amalgam  terminals. 

I*-*'      _    I  ....        I  ..  ^■-^' 


Time,  i  Ciirreut. 


-xlO^        Time,  '  Ciim-nt. 


I 


3«»  20- 
32 
41 
45 
47 
49 
49 
50 
50 
51 


off 


00 
5-2 
0-8 
8-4 


Sh  51- 
52 


53 


-  8-H 

.        53    1 

8-4 

'        54    1 

8-4 

1        ^ 

90 

,        55 

90 

9-2 

>  10' 

9-2 
9-4 
9-4 
9-6 
9-6 
9-6 
9-6 
9-6 


>  Thomson  &,  Newell:  Proc.  Roy.  Soc,  xur,  p.  410. 
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^k^oogle 


84 


THE   MECHANISM    OF    SOLID   VISCOSITY. 


(BUU.94. 


Tablk  3p. —  VUcoHty  of  electrohjzing  glass,     Na-amalgam  terminali. 
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CHAPTER  VIII. 

THE  ELECTRICAL  RESISTANXE  OF  STRESSED  GLASS. 
INTRODUCTOBY. 

68.  The  tLermal  relations  of  tbe  resistance  of  glass,  originally 
studied  by  Buff,*  have  uiore  recently  been  made  the  subject  of  research 
in  memoirs  by  Beetz,*  Foussereau,^  Perry,^  Thomas  Gray,*  and  others. 
Warburg'^*  experiments,  however,  throw  new  light  on  the  inquiry,  by 
showing  that  the  apparent  i)olarization  evoked  by  the  passage  of  cur 
rent  is  due  to  a  layer  of  noncondu^cting  silica  dej^siting  at  the  anode. 
If  this  be  continually  dissolved  by  an  electrode  of  sodium  amalgam, 
the  apparent  polarization  is  so  far  removed  that  an  almost  constant 
current  may  be  kept  up  indefinitely.  If  the  film  be  not  removetl,  con- 
duction soon  ceases  and  the  glass  behaves  like  a  condenser  of  measur- 
able capacity. 

The  effect  of  temperature  on  the  conductivity  of  glass  has  thus  been 
mapi)ed  out  with  considerable  detail,  and  it  will  be  sui)erlluous  to  add 
new  data  in  the  following  chapter.  1  purpose  therefore  to  confine 
myself  narrowly  to  the  effects  of  stress'  on  electrolyzing  glass,  kept  as 
nearly  as  practicable  at  different  constant  temperatures  between  100^ 
and  300O. 

APPARATUS, 

59.  The  apparatus  for  these  measurements  are  shown  in  Figs.  7,  8 
9,  10,  11.  Figs.  7  and  8  are  simpler  and  adapted  to  .'UJOO  and  lOOo 
respectively.  Figs.  9  and  10  are  intended  for  experiments  with  ani- 
line (180O)  or  other  nonconducting  fluid,  boiling  at  higher  tempera- 
tures; and  the  last  apparatus,  Figs.  10,  11,  are  differential  in  kind. 

As  before,  the  ends  of  the  tube  abc(Fig.  7)  to  be  o[)erated  upon  are  bent 
hook-shaped,  and  then  fastened  by  screws  and  resinous  cement  between 


•lliiff:  Lieb.  Ann..  yoI.  xc,   1854,  p.  257. 

*B«etz:  Pogg.  Aun.,  Jubelband,  1874,  p.  23. 
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•'Warburg:  Wiwl.  Ann.,  vol,  xxi,  1884,  p.  622;  ib.,  xxxv,  1888,  p.  455. 

'Iteff^renco  may  bere  be  made  to  J.  and  P.  Curie  (C.  R.,  vol.  01,  pp.  294,  383;  vol.  92,  p.  350,  1881;  vol. 
03,  p.  1137, 1881),  and  to  Hankel  (Wied.  Ann.,  p.  61U,  1881),  who  sktivv  that  in  certain  lioinihedral  cryn- 
tain  longitudinal  comprosHion  is  accouipaniod  by  tlio  nuinile.Htatiuu  of  clout roniotlvo  force.  Curie's 
very  rocetit  work  ia  summarized  in  the  Beibldttor,  vol.  12,  p.  857  to  867,  1888. 
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slabs  of  W(H)d  A  and  7^.    Tlio  ui>i)pr  one  is  fixed;  the  lower,  B,  jirovi 
ded  witli  a  book  from  wliich  a  scale  pan  may  be  huiig.  •  In  tlie  exi>oii- 
metits  made,  the  load  P  was  gradually  increased  as  far  as  20  kg.    To 
heat  the  tube  abc^  and  thus  promote  conduction,  I  used  a  ring  burner 

RRj  as  before.  60,  the  ebullition  liquid  (here 
mercury),  is  contained  in  the  boiling  tube  d, 
to  the  bottom  of  which  the  ex])erimental  tubt- 
abe  is  cemented  with  plaster  of  paris.  Glass 
is  electrically  so  sensitive  to  changes  of  tem 
perature  near  300o,  that  great  care  must  he 
taken  to  keep  the  flame  of  the  burner  constant, 
and  the  ring  is  to  be  fixed  in  position  i*ehi- 
tively  to  the  tube.  Any  disturbance  of  this 
symmetry  during  loading  producer  a  periiwlic 
thermal  error,  the  eft'eet  of  which  may  be  ex- 
cessively large  as  compared  with  the  stress 
effect  to  be  nu^asured.  Finally,  the  current 
/*'  when  made  passes  into  the  mercury  within 
the  tube  abc  at  /,  then  through  the  walls  of 
the  tube  into  the  ebullition  liquid  G,  and 
thence,  via  /«,  back  to  the  battery.  At  301)^ 
the  resistance  of  this  arrangement  was  less 
than  200  ohms,  so  that  aside  from  tempera- 
ture fluctuations  the  measurement  is  easy. 
With  a  single  Daniell  and  a  mirror  galvan- 
ometer, the  current  observed  is  sufficiently  con 
stant  to  admit  of  direct  measurement.  From 
this  the  resistance  may  be  deduced.  When 
the  liquid  boils  violently,  resistance  is  vari- 
able, probably  from  the  fact  that  a  film^  of 
mercury  vapor  of  variable  thickne^sa  envelops 
the  metal  and  interferes  with  the  uniformity  of 
contact.  The  resistance  for  this  case  is  largi^r, 
even  tw ice  as  huge,  as  when  the  mercury  is  at 
incipient  ebullition.  When  the  apparatus  is 
loaded  and  unloaded  alternately,  relatively 
FioT-ApparaiuHfortostinittiio  loug  and  regular  fluctuations  of  temi^erature 
viscoHity  of «tn*8sc(i  glass.  .^-e  of  uo  disturbing  effect,  the  stress  eflPect 
being  superposed  on  the  long  undulation. 

EXPERIMENTS. 


60.  Data  for  350^, — ^Tho  scale  deflections  under  the  stated  conditions 
are  given  below.  From  the  many  data  I  will  select  those  of  later  ilate, 
these  results  being  less  liable  to  inaccuracy  than  the  e^irlier  data. 


>  I  have  thought  of  using  this  observatiuu  as  a  boilin^-poiut  oritorioa. 
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Time.  ,  Load. 


Dofloc- 
tion. 


Time.  I 


I 


h.    w. 

2      8 

10 

12 

"i 

15  I 

16  . 

18] 
20  I 

2ii 


0 
5 
5 

5  i 

0  I 

?' 
5 

5| 
0 


em. 
5-70 
5-40 
5-20 
510 
5-10 
510 
4-86 
4-55 
4-28 
4-40 
5-40 
5-35 


m. 
29 
31 
32 
34 
36 

.JO    i 

40  ' 

42  I 

43I 

46 

47 

51 


LcHul. 

Defla- 
tion. 

*./. 

■  em. 

0 

610 

0 

4-90 

5 

4-60 

5 

4-60 

5 

4-66 

0 

6'10 

0 

5-60 

0 

5-00 

5 

5-80 

5 

5-30 

7 

6-26 

7 

500 

Plainly  the  cliiof  tiiictuatioiis  here  observed  are  due  to  temperature; 
but  whatever  the  stress  effect  may  be,  its  amount  can  not  exceed  a  few 
per  cent  of  the  resistance  of  the  glass  sample.  This  appears  quitB  as 
clearly  in  other  results  of  the  same  kind,  which  need  not  be  siunmarized 
helc. 

61.  Data  for  10(P. — In  consequence  of  the  thermal  discrepancies 
enumerated,  I  made  the  next  expeiiments  at  100^  in  a  steam  bath.  The 
resistance  encountered  under  these  circumstances  is,  of  course,  very 
large.  I  measured  it  at  about  20,000,000  ohms  in  case  of  the  appa- 
ratus. Fig.  8.  Here  the  tube  to  be  stretched,  ahc^  is  surrounded  by  a 
wider  tube,  gg^  closed  above  and  below.  Both  tubes  contain  sodium 
amalgam,  protected  from  njoisture^  by  a  layer  of  paratlin,  m.  Ste«am 
enters  at  the  top  and  is  <lischarged  at  &  so  that  the  apparatus  is  drained 
of  condensed  w  ater.  In  other  respects  the  present  apparatus  resembles 
the  above.  The  scale  pan  is  attached  at  P.  The  results  for  this  case 
are  much  more  uniform.    I  give  the  following  example: 


[2p,=:-53«. 


Table  2^.— Resistance  of  stressed  glass  at  10(P. 
2pi=r  •40*''".  I  —  15"».  Resistance,  20  niegobms,  approximately.] 


Timi'.      Tioad. 


Defla- 
tion. 


Moan. 


Defloc- 


Time      I,o«i.      -— 


h.   in.  ' 

10    50  I 

53  ■ 

55  ' 


60  ' 

07  ' 
10  I 


0 
0 
0 
0 
0 
0 


em. 
5-50 
5-45 
5-25 
5-33  1 
5-30 
5-28 


kff. 


5-30 


12  , 

14  I 
17  ' 
20  ■ 
211 
231 


Mean. 


cm. 
5-35 
5-35 
5-40 
5.33 
5-38 
5-37 


5-36 


Tnbe  breaka. 


>  If  gg  contuiim  the  kathode,  it  may  bo  fllle<l  with  mercury  instead  of  amalj^am. 
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111  these  results  the  resistance,  after  attaining  a  constant  value,  <le- 
creases  by  about  1  per  cent  when  tlie  load  is  added.  It  can  not^  how 
ever,  be  affirmed  with  certainty  that  this  decrement  is  tlie  true  electriwil 
effect  of  the  stress  increment.  All  I  have  done  is  to  narrow  down  its 
value  to  the  order  of  1  per  cent. 

62.  Data  for  185^: — ^My  next  experiment  was  made  with  aniline.   The 


FlO.  8.— Apparatus  for  testing  the  vigcosity 
of  stressed  glass. 


R'  ' 


Fig.  9.— Apparatus  for  testing  the  yiscoaity 
of  stressed  glai*8 


apparatus  is  shown  in  Fig.  9.  Similar  parts  are  lettered  as  in  the 
preceding  figures.  The  aniline  is  contained  in  the  boiling  tube  rf,  g> 
The  experimental  tube  abc  being  tied  to  the  fixed  central  tube  gg  of 
the  apparatus  by  a  piece  of  rubber  tubing,  wi,  it  is  easy  to  surround  both 
the  inside  and  outside  of  ahc  with  mercury.     Current  pa^es  in  i 
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out  at  h.  Ebullition  is  kept  up  with  suflficient  intensity  to  jiiat  fill  the 
tube  d  with  aniline  vapor,  which  <;oudeii8es  in  the  exit  tube  i8",  and  then 
runs  back.  Two  Grove  cells  were  found  sufficient  for  the  experiment, 
the  observed  resistance  for  this  case  being  about  (>(),0(M)  ohms. 


Tablk  39. — liesistance  of  stressed  glass. 


[2^,=-53«. 


2p,=  -40«-. 


I=6«" 


=  180°.] 


Time. 

Load. 

Defioc. 
tion.     ; 

• 
Time. 

Load. 

Deflco- 
tion. 

h.m. 

kg. 

1 
em. 

h.  m. 

kg. 

cm. 

3  21 

23-6 

3  47 

10 

2^i-l 

23 

23-7 

60 

10 

240 

25 

241 

51 

16 

240 

30 

24-2 

55 

15 

24-2 

31 

240 

56 

20 

24-3 

35 

24-4 

60 

20 

.241 

36 

25-5 

62 

0 

24-3 

40 

24-2 

1          ^^ 

20 

24-5 

41 

0 

24-3 

67 

20 

24-3 

45 

0 

24. 

68 

1 

21 

Broakfl. 

These  results  do  not  certainly  indicate  any  electrical  effect  of  tlie  ap- 
plied stress  at  all.  They  narrow  down  its  possible  value  to  about  1  per 
cent,  thus  corroborating  the  results  at  lOOo. 

63.  Results  of  twiHting. — After  inaking  these  experiments,  the  g:eneral 
character  of  which  is  negative,  but  not  conclusively  so,  I  made  a  variety 
of  similar  attempts  to  obtain  an  electric  cflFect  of  twisting,  but  I  arrived 
at  no  definite  results,  although  I  carried  the  experiments  forward  to  the 
point  of  rupture.    I  omit  the  data. 

64.  Differential  apparatus. — Having  these  results  in  hand  it  appeared 
probable  that  the  work  (M>uld  be  carried  to  a  greater  pitch  of  nicety  by 
comparing  strained  and  unstrained  glass  simultaneously. 

The  apparatus  with  which  most  of  my  definite  experiments  were 
matle  are  shown  in  Pigs.  10  and  11,  and  are  differential  in  kind.  The 
resistances  across  equal  parts  of  the  walls  of  two  nearly  identical  glass 
tubes,  respectively  stressed  and  unstressed,  are  compared.  These  tubes 
are  shown  at  abcF  and  eJchf.  The  ends  proper  are  bent  hook-shaped, 
and  those  of  the  glass  tube  to  be  operated  on,  fastened  by  aid  of  screws 
and  cement,  between  slabs  of  wood  A  and  B,  A  is  fixed;  B  provided 
with  a  hook,  P,  from  w^hich  a  scale  pan  may  be  hung,  or  with  a  lever 
arrangement  for  twisting.  In  the  exi)eriments  made  the  load  was  grad- 
ually increased  as  far  as  20  kg.,  biik  the  tubes  were  strong  enough  (theo- 
retically) to  sustain  about  three  times  this  weight.  The  remainder  of 
the  figure  shows  the  devices  for  heating  and  for  passing  the  (currents. 
Fig.  10  is  adapted  for  high  boiling  points  (aniline,  etc.).  Fig.  11  for 
steaim.  An  apparatus  similar  to  Fig.  10  was  used  for  mercury.  In 
Fig.  10,  0  is  the  ebullition  liquid,  heated  by  a  Gibbs's  ring  burner  Bli 
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siirron^diiip:  the  wide  ^lass  tube  dd,  A  narrower  glass  tube  gg^  dosed 
belov/  with  a  perforated  cork  throu^li  which  i^ass  the  (*xpeiimental 
tubes  abc  and  ekh^  is  partially  filled  with  sodium  amalgaui.  This  is 
inaetically  one  terminal  of  the  battery,  the  wires  connecting  at  j>.  Tlu 
other  terminal,  after  passing  through  the  respi^ctive  coils  of  a  diflcreu 


FifJ.  10.  -A])para(iis 
for  200  '. 


Fio.  11.-  -Ap]>pai-atna 
for  100-. 


tial  galvanometer,  connects  at  m  and/ with  the  sodium  amalgam  con- 
tained in  the  experimental  tubes  ahc  and  elih. 

The  notatit)n  in  Fig.  H'isthe  same  as  that  in  Fig.  10.  The  two 
forms  of  ai>paratns  are  essentially  identical,  except  that  in  Fig.  U  it 
iscxiMMlii'iit  to  pass  steam  tiirough  dd,  the  vajmr  entering  at  S  stml 
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leaving  the  apparatus  at  S\  For  reasons  stated  below,  §  (57,  it  is  de- 
sirable that  the  menisci  of  the  amalgam  eontaiued  iu  abcF  and  ekhj\  Vi^, 
10,  be  visible  above  the  level  of  the  uppi»r  cork  of  the  tube  dd.  The 
amalgam  in  gg^  Fig.  10,  should  be  submi^rgml  below  the  level  of  G, 
Inasmui^h  as  sodium  amal^nni  is  nee(»asary  only  at  the  anode,  ordinary 
mercury  may  be  used  at  <'athodal  parts,  and  these  may  therefore  be 
exposed  to  hot  air  or  steam  without  annoyances.  To  summarize:  Cur- 
rent arriving  at  m  and  /passes  into  the  sodium  amalgam  core  of  the 
tubes  abc  and  ek%  theuci*  across  the  walls  of  the  hot  i)arts  of  these 
tubes  into  the  mercury  surrounding  them,  and  finally  via  p  back  to 
the  battery.    Regarding  other  a]>paratus,  cf.  §  00. 

66.  ReHulUfor  torsion, — I  commenced  work  with  torsion  experiments 
of  which  I  may  indicate  something  here.  A  battery  of  10  drove  cells 
was  used  and  the  aiialine  at  G,  Fig.  10,  kept  both  beU)W  and  at  the 
temperature  of  ebullition.  The  deflection  of  each  coil  alone  being  10-4**'", 
it  was  fcmnd  that  the  differential  iu^tion  (nearly  zero)  could  not  be  mod- 
ified by  twisting  more  than  O-O^*''".  Hence  the  spe(;ific  electrical  (effect 
of  twisting  can  r*ot  be  greater  than  about  0*1  per  .cent.  The  resistances 
encountered  in  these  cases  were  about  200,(MH)  ohms.  Profiting  by  this 
preliminary  exi)erience,  however,  I  was  ultima ti^ly  able  to  detec^t  and 
measure  the  effect  of  torsion  on  electrolytic  conductivity,  using  a  dif- 
ferent and  more  sensitive  method  to  be  indicated  below,  §  09. 

66.  Character  of  traction  effects, — In  case  of  traction,  the  data  deci-. 
sively  indicated  an  increase  of  conductivity  pro]>ortioiuil  to  the  imll. 
But  this  result  is  necessarily  conii)lex  in  kind,  and  must  be  carefully 
scrutinized  before  its  true  signification  can  be  statt»d.  I  will  therefore 
give  my  experiments  in  chronological  order,  the  first  series  being  made 
at  1850  (aniline),  the  second  at  100^  (steam),  the  third  series  finally  at 
360O  (mercury). 

One  remark  may  be  made  at  the  outset:  Inasmuch  as  the  electrical 
effect  of  traction  is  persistent  with  the  traction,  and  is  an  increment  of 
conductivity,  it  can  not  be  due  to  temperature.  For  the  extension  of 
au  elastic  solid  like  glass  ^  produces  temi)orary  cooling,  §  70. 

67.  Results  for  traction, — Tlie  resistance  across  the  walls  of  the  experi- 
mental tube  at  190O  was  about  100,000  ohms.  In  case  of  intense  ebulli- 
tion, the  temperature  is  not  fully  constant.  It  is  therefore  desirable 
to  use  the  apparatus,  Fig.  10,  just  below  the  boiling  point  of  aniline, 
and  to  bring  the  plane  of  the  ring-burner  slightly  below  the  plane  of 
the  ebullition  liquid  0,  Parts  of  the  apparatus  which  are  not  to  be 
heated  are  screened  with  asbestos.  In  this  way  a  nearly  stationary  dis- 
tribution of  temperature  is  reached. 

Under  these  circumstances,  when  a  weight  of  18  kg.  is  alternately 
placed  on  the  scale-pan  and  removed  from  it  by  mechanism,  thus  sub- 
jecting the  tube  to  periodic  pulls  of  the  force  given,  a  dertnite  and  per- 
sistent oscillation  of  the  galvanometer  needle  ensues  synchronously 


»Cf.  Sir  WiUiain  ThomsoiiB  CoUoctod  I'lipera,  vol  i,  p.  3U8 


I,  p.  3U8.       ^  T 
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with  the  period  of  stress.  The  amount  of  this  oscillation  was  found  to 
be  equivalent  to  a  resistance-decrement  of  1,500  ohms  for  the  stressed 
tube.  In  other  words,  the  effect  of  thepuU  of  18  ki^.  is  a  diminution  of 
the  resistance  of  the  stressed  tube  amounting  to  about  1*4  per  c«nt. 
These  experiments  were  repeated  many  times  with  practically  the  same 
results;  e.  g.: 

P  =  2  kg.,  resistance  reduced  -4  per  cent 
P  =  15  kg.,  resistance  reduced  1.2  per  cent 
P  ==.  20  kg.,  resistance  reduced  1*4  per  cent 

data  in  which  the  oscillation  of  th6  needle  was  made  the  basis  of  com- 
parison. They  betray  a  somewhat  wide  margin  of  error,  because  glass 
at  190°  is  exceedingly  sensitive  even  to  trifling  changes  of  tempera- 
ture. Nevertheless,  the  data  are  sufficient  for  the  present  purposes, 
and  work  of  a  more  precise  chara<;t«r  with  high-temperature  vapor- 
baths  seemed  to  me  to  be  sui)erfluous.  By  using  a  more  sensitive  gal- 
vanometer such  measurements  can  be  repeated  at  100°  with  fa<;ility 
and  much  greater  precision. 

68.  DiHCiission  of  these  renults, — The  result  obtained  is  clearly  a  super- 
imposed eflPect,  being  due  in  part  to  the  elastic  change  of  dimensions 
during  stretching,  and  in  yiart  to  the  direct  action  of  stress  in  i^ro- 
moting  molecular  break-up.  It  is  therefore  necessary  to  estimate  the 
value  of  the  former  influence. 

The  radii  of  the  tube  being  pi=*26«"^  and  /02=-19«",  the  section  is 
about  g=4<="»*.  Supposing  the  tenacity  of  glass  to  bee-oxlO"*  dynes 
per  square  centimeter,  this  tube  should  bear  ()5  kg.  Tubes  are  rarely 
free  from  imperfections,  such  as  result  from  insufficient  annealing,  aud 
it  is  moreover  difficult  to  apply  traction  in  an  experiment  like  the  pres- 
ent without  some  flexural  or  other  strain  across  the  section  (tendency 
to  be  crushed  between  tlie  slabs  AB  at  the  supi)ort8,  for  instance). 
Hence,  I  found  it  prjictically  difficult  to  strain  these  tubes  with  more 
than  a  pull  of  about  25  kg.  without  producing  rupture.  But  from  all 
this  it  appears  clearly  that  the  longitudinal  extension  produced  by 
18  kg.  is  much  helow  the  maximum  for  the  given  dimensions  and  mean 
strength  of  tube. 

If  the  tenacity  of  glass  be  6-5x10^  and  Young's  modulus  5*5x10^*, 
the  values  givfen  by  J.  D.  Everett,*  then  the  maximum  longitudinal  ex- 
tension is  -0012  Again,  since  Poisson's  ratio  for  glass  \a  nearly  J,  it 
follows  that  the  corresi)onding  radial  contraction  is  about  '0003. 

Finally,  the  resistance  i^  of  a  hollow  cylinder,  of  length  f,  radii  pi  and 
p2,  and  specific  resistance  «,  to  conduction  ac.ross  the  walls  of  the  tube 
is  (ilf  being  the  modulus  of  Brigg's  logarithms) : 

i2  =  ^^^^^J  logPi/^=-3GG5jlogp,/p, (1) 

To  evaluate  the  resistance  eifect  of  clastic  change  of  dimensions,  R  is 


KvcreU  :  TniU  aud  Phys.  Cuaslautr},  p.  56.    Tlic^e  data  are  n-(luci.'(l  frum  Ritukiue's  "  Unlo^  aoil 
Tables,"  i*.  ii05. 
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to  be  regarded  a«  a  function  of  ly  pi  and  pz.  In  view  of  the  symmetric^al 
occurrence  of  the  last  two  variables,  and  if  the  simplifying  relation 
ASpi/pi=^Adpi/P2=z6l/l,  nearly,  it  follows  that  dR'fR^(dR'/dJ)6l/R+ 
{dR'ldf>i)6p^lR'\'(dR'ldfh)6fhlR=Sljl,  where  the  accent  hos  refer- 
ence to  elastic  change. 

Nevertheless  radial  contraction  enters  in  case  of  an  apparatus  of  the 
form  Pig.  10,  in  which  decrease  of  bore  during  traction  lengthens  the 
column  of  mercury  contained.  If  A  be  the  length  of  this  column  before 
stretching,  its  length  during  stretching  is  ^(l+2'yp,//9,)=A(l+(l/2) 
dljl).  Hence,  in  consequence  of  elongation  of  the  mercury  column, 
SR" I R^—{X  121)6111^  nearly,  where  I  is  the  length  of  the  hot  part  of 
the  column.    Hence,  the  elastic  discrepancy  is 

{6R'^  6R")IR=^  ~(l  +  A  121)6111 (2) 

In  none  of  my  apparatus  did  A  exceed  2*5L  Moreover,  A  is  always  one 
shank  of  a  U-tube.  Therefore  -003  may  be  assumed  as  a  decidedly 
superior  limit  of  the  numeric  of  equation  (2). 

Hence,  in  an  extremely  unfavorable  case,  the  resistance  effect  due  to 
elastic  change  of  dimension  ( — '30  per  cent)  is  only  about  one-fifth  of  the 
observed  effect  of  traction  ( — 1*4  per  cent)  produced  by  a  pull  much 
below  the  tenacity  of  glass,  the  &aid  pull  (18  kg.)  being  certainly  not 
more  than  one-half  the  maximum  load.  These  effects  are  very  dif- 
ferent, and  it  follows  that  the  decrement  actually  observed  is  principally 
due  to</6crca^efZ?»o?efMZarj?^Z»//«7^8uperinduced  by  stress.  In  equation  (1), 
g  is  therefore  the  variable  whioh  chiefly  responds  to  the  action  of  stress.* 

To  obviate  the  troublesome  occurrence  of  SR" jRy  the  column  of 
mercury  in  most  of  my  experiments  was  made  so  long  as  to  extend  far 
above  the  zone  of  conduction  of  the  stretched  glass  tube  (see  Fig.  10). 
In  the  apparatus  for  steam  (Fig.  11)  the  menisci  of  the  column  are 
advantageously  raised  quite  above  the  cork.  In  sucli  a  case  6R"  jll  =  0, 
and  the  elastic  discrepancy  is  simply  —61/1. 

In  one  i*espect  this  reasoning  is  deficient.  It  does  not  take  into 
account  the  changes  of  elastic  behavior  of  ghiss  due  to  the  heating  to 
190^.  Tabulated  constants  for  this  large  interval  are  not  available.^ 
Hence  special  cathetometric  measurements  must  be  made.  At  100° 
this  is  difficult,  and  for  these  and  the  other  reasons  given  above  (§67),  it 
is  expedient  to  refer  to  the  complete  set  of  measurements  at  100^.    (§  69.) 

'Put  Pi  =  p  4-  ^andp,  — p— «;  .•.  pi/pa=  1-f  2«  p  nearly. 
Then 

'^'«=at  »  +  .,  ^=-t-^(7h.-TJ..—  ••••••••« 

Here  p,  the  mean  riidhiA,  w  siipponed  to  remain  cou«tant,  antl  the  oflFect  of  traction  is  theroforo  an 
increment  of  length  il  anil  a  decrement  of  the  mean  thickncHS,  2e,  of  the  walls  of  the  tube.  Now,  the 
value  of  {dW/de)  ie  R  is  n^atively  very  small.  Hence,  he  e—.  <?2«/2«,  and.tUe  radial  contraction  may 
bo  regarded  identical.    Then  the  value  of  iR'  R  in  cqnation  (2)  is 

-  ^R'/R  =  +  -0012  +  -j^?.^-i^_  =  -OOU 

Hence  theiupmor  limit  of  the  resistance  ettwt  due  to  ehiutic  change  of  dimensions,  IK'/R  —  —  .14 
%,  not  differing  materially  from  ihcal>ove. 
'Kohlrausch  and  F.  E.  Lpomis  (A»»'  J.«<uil..Sct.  il,,vol,  i^  j^.  350,,  ljB7U),  give  low-teinperaturedatfi  for. 
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69.  Traction  at  10()o. — At  lOO^  the  results  cau  be  made  more  accurate 
than  the  above  eluefly  for  two  reasons:  In  the  first  place,  the  tempera- 
ture 18  easily  obtained  absoluti^ly  constant;  in  the  second,  elastic  clian{?os 
of  dimensions  can  l)e  directtly  measured  with  facility.  In  Table  40  I 
have  given  the  results  obtained  with  the  apparatus  (Fi^.  11.)  The 
metho'd  of  measuring  thcise  large  resistances  (glass  at  lOO^)  is  neeeKS:i- 
rily  chosen  more  delicate  than  above.  I  useil  a  high  resistance  Thom- 
son galvanomett^r,  read  off  by  Hallock's  short-range  telescope,  and 
adjusted  for  differential  work.  Tlie  needle  being  practically  ballistic 
in  kind,  the  maximum  deflections  (swing)  obtainable  by  alternately 
adding  and  removing  the  loads  P  were  used  tor  comparison  (method 
of  multiplication.)  I  then  determined  the  amount  of  oacillation:  prt>- 
duced  by  inserting  known  resistances  into  one  or  the  other  coil  ofilw 
differential  galvanometer.  Knowing  the  resistance  of  each  tube  (mean 
values)  from  special  and  preliminary  measurements,  I  was  able  to 
deduce  the  percentage  variation  of  the  resistances  of  glass  across  the 
lines  of  stress.  Table  40  contains  four  series  of  these  experiments;  i. 
e.,  two  sets  of  results  for  each  pair  of  tubes.  K,  the  observed  electrical 
resistance  per  tube,  was  found  to  be  about  7,500,000  ohms  per  tube^  of 
which  the  external  and  inU^rnal  diameters  were  2pi=-o3<^'"  2p2='3S*^*", 
rcs])ectively.  The  table  gives  the  oscillations  for  the  divers  loads  P; 
the  corresponding  absohite  decrement  dR  of  R,  and  the  relative  value 
of  tliis  decrement  in  terms  of  R. 

The  amount  of  variation  here  given  for  glass  is  somewhat  smaller 
than  was  found  at  200^  above.  In  the  last  case,  however,  the  data  are 
less  accurate,  and  definite  statements  can  not  be  made.  In  Table  40 
the  values  for  the  seccmd  apparatus  are  smaller  than  for  the  first,  a  cir- 
cumstance obviously  depending  on.  the  tubes  chosen,  but  which  1  will 
also  leave  without  further  comment. 

Tablk  iO.—Resisfance  of  Htretched  (floss  ai  10(P, 
Maximum  [ 


Tillies. 

He 

Ag. 

landU 

6 

10 

15 

18  1 

lajidll 

o[ 

10 

15 

19 

111  and  IV 

6  1 

10 

UI  and  IV 

15  1 
6  : 

10 

.5 

IV 

5  ' 

10 

Ortcillutiou. 


hn 


cm. 

105 

1-63 

2-20 

201) 

■S7 

IviO 

2  17 

201 

•29 

'74 

1-05 

•33 

•76 

l-ll 

•50 

1  -33 


Ohms. 
-2100D 
—33000 
—14000 
—58000 
—17000 

—  2. '000 
— 42(JOO 
— 56J00 

—  COM 
—15000 
—21000 

—  7000 
—15000 

— 2-Juo;) 


WXBR/R. 

method. 

—2-8 

DitTcn^ntial  galvanometer. 

—4-4 

—5-8 

—7-7 

—2-2 

-3-8 

-5-4 

—7-3 

_  -9 

—2-2 

-.31 

—VO 

—2-3 

. 

~3-3 

—1-2 

Hridso. 
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Tliis  table  proves  conclusively  that,  witliiii  the  given  limits  pf  varia- 
tion, the  resistance  decrement  experienced  by  glas«  is  projiortional  to 
the  applied  stress.  For  the  j^fiven  conditions*(2pi=?'o3**!"2p2=***^>*^"')  it  is 
as  high  as  3S()/W  per  kiU>  stress,  and  is  not  beh)w  210  10*^  per.kih) 
stress.  Since  tlie  se<'tion  g='10**"'-  nearly,  it  follows  that  the  mean 
relative  variation  of  resistance  due  to  stretching  is  about  30/10'-' ]>er 
gram  load,  per  square  centimeter  of  section.  Mr.  11.  Tomlinson,*  who 
investigated  the  effect  of  stretcliing  metals,  tinds  that  for  steel,  iron, 
and  brass  the  .total  variations  are  only  about  ^\  as  large  as  this,  and 
of  the  opposite  sign.    Of.  §74. 

70.  Further  results  at  100^, — When  the  teini>erature  is  suflii'iently 
conntant,  tor  instance,  in  the  case  of  a  steam  bath,  exjKTiments  may  be 
made  with  a  single  tube.  Let  a  bridge  adjustment  be  so  arranged  that 
rt/6=W-K  where  ris  a  known  rheostatic  resistance  and  i^  the  resistance 
of  the  tube,  the  current  in  the  galvanometer  being  nearly  zero.  Then 
if  Srjr  produce  the  same  maximum  oscillation  of  the  needle  as  SB/Ii, 
it  follows  that  6r/r=i6B/K,  An  accurate  chart  or  table  of  6r/r  am- 
side^ed  as  a  function  of  the  oscillation  is  therefore  first  to  be  constructed 
by  aid  of  the  rheostat.  This  being  in  hand,  the  value  of  dE/B  corre- 
sponding to  any  oscillation  produced  by  alternately  adding  and  rc- 
nioving  the  load  on  the  tube,  is  given  at  once.  This  method  may  be 
made  very  accurate,  and  I  was  able  to  obtain  not  only  traction  effects, 
l)ut  torsion  effects,  as  indicated  by  the  following  data.  Here  r  is  ap- 
proximately 53,000  ohms,  B  ai>proximately  5,900,000  ohms.  In  case  of 
torsion,  P  denotes  the  load  acting  during  the  alternate  twisting  and 
an  twisting. 

Table  41. — Resistance  of  stressed  tjlass  at  ICXP, 


Prelim  inarj'.         1 

Traction. 

1 

1 

Torsion. 

10'»x6r  r 

Oftr  illation; 

i' 

josrillalion.l    i(flx6J{/R 

! ' 

Ohc  Illation. 

UyiX61i/R 

cm. 

*V7. 

\        «'"•        1 

1  ^v- 

em. 

•76 

•35 

5 

1           -59        1         —13 

'      0 

•22 

—•5 

1-89 

•89         ' 

10 

j         1-27        1         —2-8 

1     r, 

•29 

—•6 

3-77 

1-63 

16 

[         1-86        !         —4-1 

1                       i 

.xo 

•28 

—•6 

The  traction  data  dB/B  are  numerically  larger  than  in  Table  40,  and 
hence  lend  greater  favor  to  the  views  just  expressed.  The  torsion  data 
6B/B  are  of  the  same  sign  as  the  traction  data.  In  other  w^ords  t<ir- 
sion  decreases  the  electrolytic  resistance.  They  are  of  smaller  magni- 
tude tban  traction  data  and  are  independent  of  the  load  which  the  tube 
sastaLns,  so  far  as  I  could  follow  them. 


•H.  Tpmlinaon :  Vtqc.  Roy.  Soc,  vol.  25. 1876,  p.  451 ;  ibid.,  vol.  26, 1877,  p,  401. 
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Table  A2.—LongitHdinal  extennion  of  the  tubegy  Tabic  40. 


ferLi.  •; 


Temperature.  '  .Load. 


2 
6 

10 
15 


em. 
77  M 
77-53 
77-54 
77-55 


hhlh 


10-«X 

'     0 

0 

130 


lOOO 


lOOo 


100^ 


2 

;   77-58 

0 

6 

77-58 

0 

10 

1   77-60 

200 

15 

,   7700 

260 

2 

;   77-57 

0 

10 

'   77-50 

260 

2 

i   77-57 

0 

19 

1   77-00 

390 

Coefficient  of  expansion  -OCMXMS. 


71.  Dimenftional  change  due  to  torsion. — To  interpret  the  above  data. 
special  measuiemeuts  of  extension  are  necessary.  These  are  iriveD  iii 
Table  42.  They  were  made  cathetometrically  and  are  not  intended  t.- 
give  more  than  a  safe  estimate  of  the  elastic  effect  in  question.  Th^ 
glass  tube  to  be  examined  was  surrounded  conaxially  by  a  sec«)u»i 
wide  tube  of  glass,  through  which  steam  at  lOQo  continually  circulau**!. 
Mesisurements  were  also  made  at  16^,  L  is  the  length  between  fiduoinl 
marks. 

Utilizing  these  values  to  obtain  a  superior  limit  of  the  elastic  dis 
crepancy  in  Table  40,  it  appears  that  (^///<-0004  and  rfp//o<-(MK>l,  tliest- 
data  being  the  largest  obtained  for  the  largest  load,  18  kg.  Hence  by 
eciuation  (2),  — ^^ie'/7^<2ox-0004=-0010.  In  other  words  the  elasii. 
discrepancy  is  numerically  much  less  than  -1  per  cent  of  -R,  wber«i> 
the  corresponding  mean  value  for  the  traction  effect  in  Table  40  fai*- 
l)aratus  with  tubes  I  and  II,  low  menisci)  is  '75  per  cent.  Again  H 
raised  menisci  (Tables  40  and  41,  tubes  III  and  lY),  ^6/R'/E=6l  /= 
•0004.  In  til  is  case  the  corresponding  mean  value  of  the  traction  eflkt 
is  numerically  greater  than  -oO  per  cent.  In  both  inst>ance^  it  may  In* 
safely  inferred  that  error  introduced  by  elastic  change  of  dimensions  is 
at  most  about  1/10  of  the  decrement  of  resistance  actually  observed  as 
the  effect  of  stretching. 

72.  tJffect  of  temperature. — I  will  make  a  final  consideration  here,  rel- 
ative to  temperature.  The  thermal  effect  of  traction  is  negative;  it'* 
influence  on  R  must  therefore  be  a  resistance  increment,  i.  e.,  opiwsiie 
in  sign  to  the  effect  observed.  Nevertheless,  it  is  desirable  to  obtain, 
some  estimate  of  its  value,  which  will  probably  be  found  too  small  fi^r 
direct  measurement.  Since  P=20  kg.  and  (y7}/i<.0004«",  the  total 
energy  elmtically  potentialized  per  linear  centimeter  during  stretc-hin^^ 
is  i^cy/v//v<  10000  ergs.  Hence,  even  if  all  this  energy  were  convert^?*! 
ijito  heat,  the  increa^se  of  temperatiue  resulting  iji  case  of  thegiveu 
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tabes  (section  -lO*™*,  density  <3,  sp.  heat  <-2)  would  be  about  10Y240x 
10*;  t.  e.,  less  than  '005^.  This  datum  is  too  small  to  produce  serious 
error  even  in  consideration  of  the  phenomenal  sensitiveness  of  hot  glass 
to  temperature  variations.  Estimating  that  the  resistance  of  glass  de- 
creases several  per  cent  (5  to  20)  per  degree  between  100^  and  200°, 
the  thermal  discrepancy  can  not  b6  greater,  numericaUy,  than  the  elas- 
tic discrepancy. 

78.-  Tr€u;tion  at  36(P. — ^I  have  now  to  communicate  the  data  obtained 
at  360O.  This  case  possesses  some  points  of  special  interest,  because 
the  differential  apparatus  is  itself  a  battery,  the  action  of  which  enters 
in  a  complex  manner.  The  electrolyses  here  are  the  hot  glass  tubes 
containing  amalgam  and  surrounded  by  mercury.  The  actual  apparatus 
was  a  simplified  form  of  Fig.  10.  Fig.  12.  presents  a  clearer  diagram 
of  parts,  in  which  a  and  b  are  the  hot  glass  tubes  in  question,  13 


JS^JVU 


•Hgmu 


Fio.  12.— Apparatus  for  8(X)o. 

the  battery,  and  D  the  differential  galvanometer.  The  electrical  cur- 
rents due  to  H  are  indicated  by  the  inside  arrows;  but  these  currents 
are  considerably  reenforced  by  the  action  of  the  element  sodium  amal- 
gam/hot glass/mercury,  as  shown  by  the  aiTows  crossing  the  tubes  a 
and  h.  The  electromotive  force  of  this. element  is  easily  found  by  re- 
versing the  action  of  J7.  In  an  actual  experiment  I  measured  Nallg 
/hot  glass/Hg=l'4  volts,  a  datum  somewhat  affected  by  polarization 
and  dei)ending  for  its  value  on  the  strength  of  the  amalgam  and  the 
purity  of  the  mercury. 

Besides  this  large  electromotive  force  there  is  another  of  smaller  value, 

due  to  the  fact  that  the  tubes  a  and  ft,  with  appurtenances,  represent 

two  elements  switched  against  each  othey.    The  cip^rents  q.re  indicated 
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by  the  ouUide  arrows  in  the  diagram,  and  they  are  necessarily  so  circom- 
staneed  as  not  to  flow  through  the  galvanometer  O  differentiaHy.  Their 
occurrence  is  therefore  a  serious  and  annoying  disturbance,  such  that 
measurements  at  360o  can  not,  without  unreasonable  ]>ainstaking,  be 
made  with  the  same  accuracy  as  measurements  at  H)0o.  I  measured 
the  electromotive  forije  in  question  iis  about  -2  volt,  but  it  is  necessarily 
variable,  even  as  to  sign,  containing  as  it  does  the  polarization  incou- 
stancy  of  both  elements. 

Since  the  resistance  of  glass  near  360°  is  enormously  low  relative  to 
its  value  at  ordinary  temperatures  (in  some  practical  cases  the  appa- 
ratus showed  less  than  1,000  ohms]^  the  extraneous  electromotive  Ibrce 
m  can  be  withdrawn  altogether.  The  present  measurements  of  the  elec- 
trical effect  of  traction  are  therefore  made  with  the  XaHg/hot  glass/ 
Hg  element  in  the  apparatus,  Fig.  12,  notation  being  as  above,  2pi= 
'i)3^"*y  2p2=40«"».  The  small  resistance  at  the  boiling  i)oint  is  not  avaQ- 
able ;  owing  to  the  formation  of  bubbles  at  the  surface  of  contact  betweeu 
mercury  and  glass,  the  resistance  is  too  variable  even  for  approximate 
measurement.-  Hence  I  observed  at  a  lower  temperature,  encountering 
somewhat  larger  resistances  A*. 

Even  under  favorable  conditions  these  data  are  only  qualitatively 
satisfactory.  They  are  imi)ortant,  however,  because  they  indicate  that 
at  300°  the  diminution  of  resistance  due  to  ti'action  is  not  larger  in 
numeric  value  than  at  100^;  and,  since  this  would  be  the  case  if  tlie 
decrements  6E  observed  were  due  to  elastic  change  of  dimensions,  1 
have  here  in  hand  additional  evidence  against  this  assumption. 

Tablk  43. — Besistance  of  s^iretvhed  glass  at  SdCF, 


Apparatua. 
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Maximum 
oBciUatiou. 

J2 
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Ohms. 
-38 
—30 
-50 
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—22 
—31 

•  VflxSRR 

1 
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10 
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6 
10 
15 

•50 
•50 
•70 
•70 

100 
1^40 
200 

OAm«. 
13C^ 

—2 

—2 

-4 
—4 

-1 
—1 
-2 

17000 

The  present  experiments  are  attended  with  much  annoyance.  As 
the  load  increases,  the  tube  is'apt  to  break  in  such  a  way  as  to  spill 
the  hot  mercury;  and  with  all  reasonable  care  several  tubes  are  usually 
sacrificed  before  a  full  series  of  observations  can  be  obtained. 


sinviMARY. 


74.  The  above  paragraphs  summarized  prove  that. a  solid  electrolyte 
like  glass  is  a  better  (conductor  of  electricity  (L  'e.  manifests  smaller 
Specific  resistance)  when  in  a  state  of  strain  (traction  torsion)  than 
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when  free  from  acrain.  Inasmucli  as  the  necessary  concomitant  of 
conduction  in  this  case  is  molecular  decomposition'  and  recombination, 
stress  of  the  given  kind  must  promote  such  decomposition.  The  rate 
at  which  molecular  reconstruction  occurs  per  unit  of  volume  increases 
nearly  proportionally  to  the  intensity  of  stress;  and  it  may  in  case  of 
traction  be  carried  as  far  as  the  limit  of  i-upture  of  glass  amounts  to  an 
increment  of  1  per  cent.  In  case  of  torsion  the  eflfect  is  not  much 
larger  than  about  -,\  of  this,  and  the  increased  break-up  due  to  torsion 
is  therefore  studied  with  greater  difficulty.  The  influence  of  tempera- 
ture in  changiug  tlie  value  of  the  electrolytic  effect  of  stress  is  not 
marked.  So  far  as  observed  the  same  pull  per  unit  section  does  not 
increase  the  conductivity  of  glass  more  at  350^  than  at  lOOo,  if  indeed 
it  increases  it  }is  much. 

Again  the  traction  effect  in  case  of  electrolytic  conduction,  being  a 
decrement  of  resistance,  is  of  the  opposite  sign  of  the  traction  effect 
in  cases  of  metallic  conduction*  (increment  of  resistance).  The  former 
is  also  of  decidedly  greater  magnitude.  If,  therefore,  conduction  in 
metals  is  essentially  the  same  phenomenon'  as  in  electrolytes,  then 
the  soft  metallic  state  must  be  singularly  well  adapted  to  promote 
molecular  reconstruction.  This  fine  a<laptation  of  structure  is  de- 
stroyed by  strains  of  dilatation,  by  heat,  by  alloying,*  etc.  In  the  data 
given,  the  electrical  traction-coefficient  and  the  electrical  temperature- 
coefficient  (resistance)  are  similar  in  sign  and  in  relative  magnitude,  both 
in  metals  and  in  electrolytes.  They  are  positive  in  metals  and  small; 
negative  in  electrolytes  and  large.  This  is  additional  evidence  in  favor 
of  a  volume  effect  discussed  at  some  length  elsewhere. 

76.  Degree  of  molecular  instability  of  glass. — ^The  chief  result  of  the 
present  paper  is  the  emphasis  thrown  on  the  fact  that,  independently 
of  the  passage  of  current,  such  a  solid  as  glass  must  be  conceived  as 
undergoing  spontaneous  molecular  reconstruction  at  all  temperatures; 
for,  if  the  reconstruction  in  question  were  superinduced  by  the  electric 
iield^  then  the  current  passing  would  vary  at  a  power  higher  than  the 
first  of  electromotive  force;  whereas  it  may  be  taken  for  granted  that 
currents  of  the  intensity  of  those  discussed  above  pass  through  glass 
in  accordance  with  Ohm's  law.*  Kecently  J.  J.  Thomson,*  among  many 
results  of  his  development  of  theLagrangian  function,  investigated  an 
exi>res8ion  for  the  number  of  times  n,  the  electric  field  is  discharged 
at  any  i)oint,  in  case  of  conduction  through  either  metals  or  electro- 
lytes.   If  A  be  the  specific  conductivity,  K  the  specific  inductive  ca- 

1  It  ifl  beat  to  avoid  the  term  diBSOciation  here.    The  term  molecular  reconstruction  la  used  in  prof* 


'Moaaaon:  Neiie  Schweizor.  Zeitocfar..  vol.  15,  1855,  p.  33;  H.  Tomlinaon:  Proc.  Soy.  Soo.,  vol.  25, 
lg76  ,p.  451;  ibid,  vol.  20,  1877,  p.  401. 

s  J.  J.  Thomson:  Applications  of  Dynamics  to  Physics  and  Chemistry,  1888,  p.  296. 

•Am.  Jour.  Set.,  vol.  36,  1IW8,  p.  427. 

»  Fitzgerald  and  Troutou  (Rep.  Br.  Assoc.,  1886,  p.  312)  show  tbat  electrolytes  obey  Ohm'n  Uwacei^r 
ntely. 

c  J.  J.  Thomson:  op.  cit.,  p.  209. 
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paidty  of  the  medium,  then  n=2;r/^A/£';  where  /^  is  a  coefficient  tbe 
vahie  of  which  is  less  than  unity  and  depends  on  the  relative  time  of 
destruction  and  existence  of  the  electric  field.  Accepting  provisional 
values  for  fi  and  K^  Thomson  computes  a  table  of  values  for  the  supe- 
rior limit  of  11,  in  cases  both  of  metals  and  of  electrolytes.  From  this 
table  it  appears  that  n  for  mercury,  for  instan(;e,  is  less  than  8  x  10*'. 
Similar  values  for  the  limit  of  n  in  case  of  glass  at'  the  above  tempera- 
tures of  observation,  lOOo,  200^,  360°,  may  be  deduced.  In  round  num- 
ber the  specific  resistances  of  glass  at  the  temperatures  stated  were 
10®,  10*,  and  5xl(Hohms,  respectively.  From  this  it  follows  nearly 
that  for  glass  at  100^,  n=8  x  10" ;  at  200o,  n=8  x  10^ ;  at  360o,  «=16  x  10". 
Thus  it  is  fair  to  conclude  that  at  temperatures  quite  as  low  as  10(P 
the  spontaneous  chemical  action,  i.  e.  the  continuous  rearrangement  of 
the  molecules  of  glass,  is  a  pronounced  occurrence. 

The  given  value  of  the  frequency  of  discharjge  of  .field,  n,  maybe 
further  expressed  in  terms  of  the  number  of  molecules  «i,  which  brt^ak 
up  per  unit  of  volume,  per  unit  of  time,  when  the  number  of  molecules 
q  per  unit  of  surface,  whose  disintegration  just  discharges  the  field, 
and  the  mean  distance  Xy  over  which  they  are  urged  by  the  field  during 
the  interval  between  break-up  and  recombination,  are  known.  .For 
n^mxjq]  or  m=n  {qlx).  llere  j;  is  a  very  small  quantity,  not  exceed- 
ing the  centimeter  numeric  of  the  mean  free  path  6f  the  molecule  of  a 
gas  J  whereas  g  is  a  very  large  quantity.  Hence  m  is  larger  than  the 
given  value  of  w,  even  if  the  above  superior  limits  be  100  times  the 
true  value  of  n. 

These  approximate  statistics  are  the  nearest  exact  statement  for  the 
phenomenon  of  molecular  break-up  which  I  can  adduce,  but  they  suf- 
fice for  the  present  purposes.  They  show  that  even  when  glass  is 
practically  an  insulator  the  number  of  active  molecules  m  considered 
absolutely  is  very  large  and  that  m  need  by  no  means  be  negligibly 
small  even  in  comparison  with  the  total  number  of  molecules  per  unit 
of  volume. 

The  above  paragraphs  prove  that  the  rate  at  which  molecular  break- 
ui)  takes  place  is  appreciably  greater  when  glass  is  under  stress  than 
when  it  is  not.  It  is  improbable  that  the  system  will  instantaneously 
state  of  molecular  cipiilibrium  to  another  Hence,*  pass  from  one 
siiic<?  even  in  case  of  very  high  resistance,  such  as  that  of  glass  at  100^, 
the  number  of  unstable  molecules  per  unit  of  volume  must  still  be  con- 
ceived to  be  very  large,  it  follows  that  the  species  of  molecular  break- 
up in  question  may  be  looked  ux)on  as  a  fruitful  cause  of  viscous  defor-  • 
ination, 
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OHAPTEE   IX. 

THE  ENERGY  POTENTIALIZED  IN  PERMANENT  CHANGES  OF  MO- 
LECULAR CONFIGURATION. 

78.  Introductory, — In  the  following  work  a  Roft  annealed  wire  is 
stretched  by  a  known  weight  falling  from  an  initial  position  (strain 
miDimam)  to  the  lowest  position  compatible  with  the  given  adjustment 
(strain  maximum).  If  the  wire  remains  sufficiently  soft  throughout  the 
experiment  the  recoil  is  nearly  zero.  Hence  the  energy  expended  in 
stretching  is  to  this  extent  easily  measurable;  and,  if  also  the  heat 
evolved  during  stretching  be  measured,  the  difference  between  the 
work  done  on  each  centimeter  of  wire  and  the  heat  produced  per  centi- 
meter of  wire  is  the  energy  potentialized;  i.  e.,  the  energy  which  per- 
manently manifests  itself  as  tensile  strain.  Using  the  nomenclature  of 
Maxwell's  theory  of  viscosity,  the  numerical  datum  thus  obtained  is 
an  expKCSsion  for  the  amount  of  change  in  the  history  of  the  t3rpical 
molecular  configuration,  the  dates  being  taken  immediately  before  and 
immediately  after  the  tensile  stress  is  applied. 

Kow  it  is  clear  tliat  the  strain  effect  of  a  given  amount  of  work  done 
must  depend  on  the  dimensions  of  the  material.  Strain  must  be  sup- 
posed variable  with  the  extension  produced  in  case  of  a  given  sectional 
area,  as  well  as  with  the  section  of  the  stretched  wire  in  case  of  a  given 
extension.  At  the  outset  it  is  difficult  even  to  conjecture  in  what 
respect  these  strains,  though  of  a  given  class,  may  difter  in  essential 
details.  There  is,  however,  a  more  interesting  phase  of  these  experi- 
ments: the  strain-effect  of  a  given  amount  of  work  done  on  centimeters 
of  wire  will  vary,  cfleteris  paribus,  with  the  material  acted  upon.  From 
tiiis  point  of  view  the  prosecution  of  the  present  research  promises  to 
lead  to  results  bearing  directly  on  the  nature  (form  and  mutual  rela- 
tions) of  the  molecules  sustaining  strain. 

77.  A'pparaius.—ln  Fig.  13  CC,  C  C",  the  weights  (P^30  kg  to  60 
kg)  by  which  stretching  is  to  be  done  are  supported  on  a  suitable  trap 
door,  BB)  and  the  fall  of  BB^  when  released,  is  guided  by  the  ui>right 
slides  88y8'8\  fixed  in  the  firm  base,  (?,  of  the  apparatus.  I  took  pains 
to  adjust  the  soft  wire  ab  to  be  acted  on  as  nearly  straight  and  free 
from  initial  tensile  strain  as  possible.  It  was  firmly  fastened  above  to 
a  heavy  cross-timber  of  wood,  /)2>,  the  lintel  of  a  framework  which  in 
form  and  purpose  closely  resembled  a  gallows.  The  screw  clanii)  at  a 
in  the  vertically  adjustable  brass  torsion-circle  A,  the  axle  of  which 
passes  snugly  through  DD,  secures  the  upper  end  of  the  wire.    The 
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lower  end  is  lapped  around  the  hook  of  the  weight  pan,  &»«,  then 
wound  aronnd  the  wire  and  soldered,  care  being  taken  to  avoid  such 
loops  and  kinks  as  might  change  form  during  stretching. 

A  thermo-couple,  a/?a'J,  ^originally  of  platinum/platinum-iridium,  with 
its  junction  ^  tied  on  with  silk  thread  on  the  upper  half  of  the  wire  ab, 


ITlo.  13.— Apparatus  for  meafluring  tlie  thonnal  effect  of  stretching. 

enabled  me  to  measure  the  change  of  temperature  due  to  stretching?. 
In  later  experiments  more  reliable  devices  were  adopted;  cf.  §  8^. 
Changes  of  length  were  measured  with  Grunow's  cathetometer,  two 
fiducial  marks  having  been  painted  on  the  wire  ab  about  TiK"*  apart. 
At  a  given  signal  the  catch-board  EF  of  the  trap  door  BB  was  jerketl 
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iway,  by  aid  of  a  rope  tied  at  F  and  manipulated  by  an  assistant.^ 
JiiiHiltaneously  with  the  stretching  1  read  oft*  the  teinx)erature-incre- 
icnt  in  terms  of  the  excursion  of  the  needle  of  a  sensitive  mirror  gal- 
aiiometer,  and  as  soon  as  this  was  taken  I  made  the  final  length 
leasurement  with  the  cathetometer.  From  tliese  both  f)L  and  dl,  i.  e., 
he  length-increment  of  the  whole  wire  and  of  the  part  between  the 
ducial  marks,  respectively,  were  derived.     • 

dL  varied  between  8«"»  and  20«^"»,  dl  between  6<^  and  11**",  L  being 
bout  120«™. 

78.  Results. — In  Table  44  I  have  systematized  the  results  of  the 
easurements.  Here  p^  and  /)h  denote  the  radii  of  the  wire  before  and 
ter  straining  and  are  computed  fi'om  gravimetric  measurements.  P 
the  stretching  force;  <JZ//,  the  longitudinal  extension  produced  and 
e^isured  between"  fiducial  marks  on  the  wire  with  the  cathetometer. 
=FdL/L=P3l/l  is  the  work  done  on  centimeter  of  length;  tj  the  ob- 
rved  increment  of  the  temperature  of  the  wire  resulting.  Finally, 
=lJt/^' indicates  the  part  of  the  applied  work  which  is  converted  into 
at,  the  remainder  (E  —  ^t)/^  being  potentialized.  The  table  con- 
ins  both  PdL/L  and  Pdl/ly  the  latter  being  usually  greater  in  con- 
qnence  of  errors  of  experiment  which  need  not  here  be  considered. 
The  heat  corresponding  to  t^  being  Amct,  where  A  is  the  mechanical 
iiivalent  of  the  water- gram-degree  in  ergs,  m  the  mass  of  the  wire 
V  centimeter,  and  c  its  specific  heat.  I  was  obliged  to  take  c  from 
)les  and  also  for  want  of  data  to  disregard  the  variations  of  c  during 
ainin^r. 


Table  U.—£nergy  potenflalized  in  tensile  strains.    First  metliod. 

Metal. 

^ 

^ 

P 

6lil 

PiL/L 

PSl,l 

t 

r==^Et/E 

Brass 

em. 
•1662 

60,000 

(em) 
•1'20 

Megalergs. 

Megalergg. 

43' 

0^40 

•1646 

•163 

93 

98 

41 

■30 

• 

•151 

90 

91 

39 

31 

•168 

9-9 

101 

43 

•81 

•153 

91 

92 

60 

•45 

•100 

8-9 

9-6 

70 

•52 

Mean 



•154                   8-95 

924 

49 

•38 

Iron 

1362 

50,000 

•087 

4-26 

486 

38 

0-47 

•1310 

•091 

4-33 

4-56 

40 

-47 

•084 

417 

422 

4-3 

•54 

•087 

4-26 

436 

35 

•43 

Mean  

•0875  i              4-25 
•147     ,              558 

437 

8-9 

•48 

40.000 

Copper  ... 

•1630 

5-88 

60 

0-77 

•1514 

•148 

breaks 

•153 

551 

592 

61 
6-5 
5-3 

•65 

6-90 

612 

•65 

Mean 

•149 

5-66 

5-98 

5.5 

•69 

.  Kmi^st  I^.  Howard  had  the  goodness  to  give  inc  mach  efficient  service  during  the  course  of  ths 
t  experimcnu.  ^.^.^.^^^  ^^  GoOglc 
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Id  Table  45  I  have  given  the  densities  of  the  metals,  strained  and  un- 
strained, Jg,  Jh,  and  Ji.g,  referring  to  wires  which  are  soft,  strained 
hard,  and  softened  after  straining,  respectively.  Brass  shows  a  slight 
decrease  of  volume  after  straining;  but  this  result,  like  that  of  iron,  is 
doubtless  obscured  by  dift*oi*ences  in  the  composition,  hardness,  etc,  of 
parts  of  the  annealed  wire.  Annealing  the  stretched  iron  wire  scarcely 
shows  any  volume  effect. .  In  case  of  copper  the  effect  of  stretc'hing  is 
a  definite  increase  of  volume  of  a  few  tenths  per  cent.  Small  as  this 
datum  is,  it  is  well  to  bear  in  mind  that  a  like  expansion  of  the  wire 
produced  by  hoiit,  calls  for  an  increase  of  temperature  of  3(P  or  40° 
Elsewhere  I  havti  shown  that  it  is  scarcely  safe  to  draw  conclusions  of 
this  kind  unless  data  are  in  hand  in  great'  numbers. 

Table  45. —  Variation  of  density  of  stretched  tHre, 


Metal. 

No. 

A« 

A» 

Aa« 

BnwR 

Brass 

Irou 

Iron 

Copiier  - . . 
Copper... 

I 

11  .... 

I 

II  .... 

I 

II.... 

8-419 
8-411 
7-702 
7-676 
8-881 
8-879 

8-420 
8-419 
7-683 
7-681 
8-865 
•    8-867 

7-686 
7-681 

79.  Discussion  of  errors. — A  few  words  on  the  errors  involved  are 
essential.  Comparison  of  the  values  of  FdLjL  and  Pljl  shows  that 
the  work  lost  upon  kinks  and  ilaws,  togetlier  with  that  spent  upon  the 
framework,  is  not  seriously  large  so  far  as  the  present  puri)oses  are  con- 
cerned. This  is  also  true  of  the  energy  elastically  potentialized,  as 
may  be  found  by  direct  tests.  The  satisfactory  measurement  of  the 
thermal  datum  t,  however,  is  much  more  difficult.  Apparently  the 
graduation  of  the  thermocouple  is  simple,  for  it  is  merely  necessary  to 
mak^  preliminary  observation  of  the  throw  of  the  needle  of  a  ballistic 
galvanometer  produced  by  given  increments  of  temi>erature.  The  use 
of  such  graduation  is,  however,  only  permissible  if  the  temperature  of 
the  wire  remains  constant  during  the  period  of  oscillation  of  the  needle. 
These  conditions  are  never  rigorously  given,-  whereas  even  in  case  of 
jacketed  wires  it  is  a  question  whether  they  are  sufficiently  given.  Tbe 
temperature  of  the  wire  increases  very  rapidly  to  a  maximum,  and  tben 
decreases  by  radiation,  etc.,  reaching  the  original  thermal  value  in  » 
few  minutes.  Again  the  cooling  effect  of  the  metallic  wires  of  tbe 
thermocouple  can  not  easily  be  allowed  for,  neither  can  it  be  considered 
negligible  even  in  case  of  filamentary  wires.  Finally  the  error  of  hetenxh 
geneity  is  of  serious  consequence;  for  the  thermoelectric  measurement 
is  virtually  a  thermal  exploration  of  the  metal  lying  very  near  the  point- 
junction.  Hence  since  the  wire  near  such  a  point  may  be  imperfect 
by  reason  of  flaws  or  composition,  so  that  more  or  less  work  is  done 
here  than  at  other  parts  of  the  wire,  it  follows  that  the  temperatare 
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therinoelectric^illy  obtained  is  not  a  mean  datum  for  the  wire  t^ken  as 
a  whole. 

Unfortunately  the  combined  effeet  of  the  errors  stated  will  usually 
be  the  cause  of  too  small  a  value  of  t.  Some  assurance  of  the  approxi- 
mate truth  of  the  results  in  Table  1  may,  however,  be  obtained  by  ob- 
serving that  the  experiments  made  are  to  some  extent  differential  in 
kind.  For  instance,  copteris  paribus,  for  an  expenditure  of  only  two- 
thirds  the  work  applied  to  the  brass  wire,  about  the  same  heat  is 
evolved  in  the  copper  and  the  brass.  Sections  and  thermo-couple  are 
here  the  same  and  similarly  adjusted. 

80.  Succemve  stretching. — The  importance  of  the  thermal  datum  is 
such,  however,  that  special  corroborative  measurements  are  essential. 
To  obtain  these,  the  above  method  was  modified  in  such  a  way  that 
the  wire  was  stretched  successively  in  equal  amounts.  One  end  of  it 
was  fixed  and  the  other  fastened  on  the  circumference  of  an  iron  drum 
of  small  radius,  p  =  0*9«»\  By  revolving  the  latter  the  >vire  is  stretched 
and  the  friction  of  the  axle  sufficient  to  keep  it  so.  I  chose  successive 
angles  of  revolution,  n^  by  which  extensions  dLjL  =  '054  each  were 
easily  produced  and  could  usually  be  repeated  4  or  5  times. 

These  accumulating  strains  are  numbered  in  Table  46,  in  the  first 
and  second  part«  of  which  the  data  6t  are  obtained  by  a  PtfTt  Ir 
thermocouple  with  wires  O'Do**™  in  diameter;  in  the  third  part  by  a 
filamentary  iron  /  brass  thermocouple  (wires  0'02«"'  in  diam.).  Moreover 
in  part  i  the  junctions  are  fastened  by  binding  them  down  upon  the 
metal  to  be  stretched  by  platinum  wire.  In  parts  ii  and  iii  the  junc- 
tions are  bound  down  with  silk,  as  in  Table  44.  In  part  iv  the  couple 
is  of  the  kind  used  in  constructing  Table  47  below.  The  data  of  Tables 
44  and  46  when  referred  to  the  same  value  of  d  LjL  agree  fairly  well. 
Some  difference  in  favor  of  the  silk  fastening  is  apparent.  Again  6 1 
increases  in  proportion  as  the  wire  is  more  nearly  stretched  to  the 
X)oint  of  breaking.  This  is  in  part  due  to  the  fact  that  as  the  wire 
hardens  more  work  must  be  done  to  stretch  it.  When  the  wire  breaks 
(strain  V)  the  resilience  is  usually  sufficient  to  increase  6t  appreciably 
in  consequence  of  the  energy  elastically  'potentialized.  Finally  it  is 
easily  seen  that,  although  the  mean  values  of  6t  in  case  of  the  divers 
metals  are  not  very  different,  this  is  not  true  for  the  amount  of  work 
done  in  stretching.  P  varies  widely,  being  less  in  copper  than  in  brass 
and  less  in  initial  than  in  final  strains. 
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Tabu?  40. — Succcftsirc  stretching, 
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Motal. 

Strain. 

I. 

n. 

m. 

!  IV. 

u 

6t 

it 

H 

U 

it 

it 

Brass 

I 

0-8 
10 
1-2 
1-2 
1-2 

0-6 
1-4 
1-3 
1-6 

16 
20 
1-9 
2-4 
2-6 

1.3 
1-6 
1-7 
2-1 
30 

10 
2-2 
2-2 
21 
3-2 

2-0 
2-5 
3-5 
3-9 

n 

ni 

IV 

V 

11 

1-3 
2-0 

Iron 

I 

n 

m 

2-2 
2-2 

2-3 

2-5 

•     2-9 

2-8 

IV 

Copper  ... 

I 

n 

Ill 

IV 

0-7 
1-7 
2-0 
1-8 

. 

2-0 

1               1     , 

2"5 

::::..:::::.:.;;i::::::::l.::::: 

4-0 

81.  Results  of  Improved  methods. — Tlie  errors  discussed  in  §  79  indueeti 
me  to  repeat  the  work  with  a  thorough  change  of  method,  so  far  as 
the  thermal  measurements  are  concerned.  To  obtain  the  data  of  Table 
47,  tlie  thick  wire  aft,  Fig.  13,  was  itself  used  as  one  of  the  element? 
of  the  thermocouple.  The  other  element  was  a  filamentary  wire,  adf^ 
passing  from  a  fixed  point,  Pj  in  connecjtion  with  the  terminal  of  the  ^al 
vanometer,  once  around  the  wire  to  be  stretched  (junction,  p),  and 
thence  to  an  insulated  spiral  spring  i?,  to  keep  it  tense.  At  the  pomi. 
/^y  where  the  thin  wire  lapped  around  the  thick  wire,  both  were  car*- 
fiilly  brightened  and  good  electrical  contac^t  was  further  insnred  hj 
stiifening  the  spring  E  as  much  as  the  thin  wire  pennitted.  The  uppr 
end  a  of  the  wire  to  be  stretched  placed  in  connection  with  the  otkr 
terminal  d  of  the  ballistic  galvanometer  completed'the  circuit.  Intbi- 
way  the  heat  generated  by  stretching  acts  at  once  at  the  tliermoelei 
trie  junction  of  the  thick,  and  the  filamentary  wire,  while  thelatt«T 
may  be  chosen  so  thin  as  to  produce  only  negligible  cooling^.  Indet^l, 
in  virtue  of  friction  the  discrepancy  is  apt  to  be  in  the  opposite  tlinr- 
tion. 

In  this  arrangement,*  a  special  error  is  introduced  by  the  change  <«t 
thermoelectric  constants  due  to  stretching,  but  this  errory  for  the  pr^ 
ent  purposes  at  least,  is  negligible  in  comparison  with  the  thermoeln' 
trie  powers  copper /iron  or  brass/iron,  being  not  greater  than  »  fr^ 
per  cent. 

The  notation  of  Table  47  is  the  same  as  that  in  Table  44.  E^  the  meAt 
energy  stored  in  the  wire  per  centimeter  of  length,  ha«  been  addeil. 


1  Aft«r  inalcing  these  experiments,  I  found  that  a  similar  method  of  thermoelectric  m 
has  recently  been  employed  by  Wassmnth  (Wiener  Sitaber.,  vol.  92  (2),  18U8,  p.  52).    Wasaaathn  re- 
poses are  distinct  from  mine.  ^-^  j 
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Tablf/47. — JCnergy  poteHtialized  in  ietmle  strains^ — Second  method. 


Metal. 

2,. 
2p* 

P 

il/l 

S 

( 

EilJB 

0-55 
•56 

•58 

Ep 

Brass 

em, 
•160 
•155 

60,000\ 

m 

40,000 

(cm.) 
•199 
•191 

•182 

MegaUtgs. 
11-8 
115 
10-9 

91 
90 

8^8 

Megalergs. 
50 

Copper ... 

•163 
•151 

•153 
•153 
•153 
•143 
•143 

612 
612 
612 

6-8 
61 
6-8 
60 
6-3 

081 
•72 
•81 
•76 
•80 

13 

Iron 

•13C 
•131 

50,000 

'     -084 
•066 
•089 

4-21 
4-28 

4-47 

4-0 
39 
43 

0-51 
•49 
•51 

2-2 

Iron 

•136 

40,000 

•032 
•031 

1-26 
1-23 

0-8 
06 

0-36 
•22 

©•9 

A  comparison  of  the  results  of  Table  44  and  Table  47  shows  that  the 
latter  substantiates  and  emphasizes  the  results  of  the  former.  In  Table 
47,  moreover,  the  measurements  of  the  effects  produced  by  stretching 
the  same  metal  are  in  very  much  better  ac^cord.  It  is  not  improbable 
that  the  variations  of  EJE  for  the  same  metal  in  Table  2  may  be  due 
to  actual  differences  of  hardness  or  composition  of  the  annealed  wires. 

In  case  of  iron  two  values  of  F  occur  and  the  metal  exhibits  striking 
differences  of  behavior  in  the  two  experiments.  It  appears  that  more 
energy  is  potentialized  during  initial  than  during  final  stages  of  strain. 
For  P=40  kg,  the  small  value  of  t  is  only  measurable  as  a  superior 
limit.  Moreover  the  extension  is  here  so  small  that  the  error  due  to 
resilience  may  be  5  per  cent. 

82.  Summary. — To  summarize:  It  appears  that  a«  much  as  one-half  of 
the  work  done  in  stretching  up  to  the  limit  of  rupture  may  be  stored  up 
permanently,-  that  the  amount  of  work  thermally  dissii)ated  varies 
^considerably  with  the  metal  acted  upon,  being  very  large  for  instance 
in  the  case  of  copper  (75  per  cent),  smaller  in  case  of  brass  (60  per 
cent)  and  of  iron  (50  per  cent) ;  that  in  case  of  the  same  given  metal 
the  work  done  is  very  largely  j)otentialized  during  the  incipient  stages 
of  strain  and  very  largely  dissipated  during  the  final  stages  of  strain. 
When  stress  of  a  given  kind  is  applied  to  different  metals,  the  total 
amount  of  energy  which  can  be  stored  per  unit  of  section,  per  unit  of 
length  up  to  the  limits  of  rupture,  may  therefore  be  looked  upon  as  a 
molecular  constant  of  the  metal.  Table  44  shows  that  in  case  of  a 
wire  about  .ir><^"'  thick  stretched  nearly  to  the  limits  of  rupture,  at 
least  5  megalergs  i)er  centimeter  will  have  been  stored  in  case  of  brass 
and  about  1  megalergs  per  centimeter  in  case  of  copi)or.  In  iron  '14^^^ 
tliick  at  least  2  megalergs  per  centimeter  are  potentialized  under  the 
same  conditions.  ^  j 
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Perusing  the  present  chapter  as  a  whole  it  will  be*  seen  that  the 
experiments  made  are  closely  analogous  to  the  usual  mode  of  thermo- 
chemieal  measurement.  The  difl'erence  between  the  initial  and  tlie  fluid 
energy  of  a  system  of  two  interacting  liquids  is  the  heat  evolved  diir 
ing  mixing.  In  solid  mets^s  this  experiment  can  be  made  with  a  sin- 
gle substance.  The  reactions  are  such  that  energy  is  absorbed  during 
straining;  in  other  wordn  the  difference  ^tween  the  final  and  the 
initial  energy  of  the  system  of  weight  and  wire  is  the  he^t  evolved  in 
stretching.  It  does  not  follow,  however,  that  the  increased  intrinsic 
energy  of  the  strained  metal  occurs  in  consequence  of  the  formation 
of  new  molecules  of  greater  intrinsic  energy;  for  the  added  energy 
may  be  stored  in  modified  systems  of  the  original  molecules.  I^ever- 
theless  it  is  interesting  to  note  that  the  diminishe<l  viscosity  which 
usually  results  from  permanent  strain  corresponds  to  an  increment  of 
the  intrinsic  energy.  Viscous  motion  is  therefore  the  result  of  the 
tendency  of  the  increment  of  energy  to  dissipate,  since  the  systems 
within  whi^h  it  is  stored  are  unstable.    . 
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THE  CHEMICAL  EQUILIBRIUM   OF  SOLIDS,  IN   ITS   RELATION  TO 
PRESSURE  AND  TO  TEMPERATURE. 

EARLIER   BESEABGHES. 

83.  In  a  recent  number  of  the  American  JonmaP  I  commnnicated 
certain  data  on  the  effect  of  dilatation al  strain  on  the  electric  resist- 
ance of  glass.-  These  experiments,  though  decisive  as  to  results,  were 
somewhat  complex  in  character;  and  from  their  important  bearing  on 
the  chemical  equilibrium  of  solids,  I  resolved  to  attack  the  subject  from 
a  new  point  of  view.  The  present  work  is  direct,  and  I  hoped  that 
results  could  thus  be  reached  without  necessitating  auxiliary  hypotheses 
or  ex^riments.  In  this  expectation  I  deceived  myself:  the  insulating 
oil  which  transmits  pressure  to  glass  shows  a  pressure-coefficient 
usually  much  larger  than  the  glass  itself.  Both  must  therefore  be 
studied.  iJlevertheless  the  confirmation  of  my  earlier  results  which 
the  present  paper  gives  is  gratifying.  I  am  thus'able  to  carry  the  de- 
ductions one  step  further.  Again,  the  behavior  of  liquid  hydrocarbon 
insulators  underpressure  presents  many  i)oints  of  special  interest  in- 
relation  to  the  formation  and  occurrence  of  ions. 

As  a  result  of  the  investigation  of  different  oils,  I  have  been  able  to 
increase  the  efficiency  of  my  screw-compressor  ^  in  marked  degree.  By 
using  a  sticky  mineral  machine  oil,  thick  enough  to  be  almost  opaquely 
fluorescent^,  not  only  does  the  screw  of  my  apparatus  run  more  easily, 
but  leaks  at  high  pressure  are  practically  absent.  Moreover,  the  gas- 
ket of  marine  glue  is  not  in  any  measure  dissolved  (this  is  the  case 
with  sperm  oil),  and  it  therefore  lasts  indefinitely.  Finally,  the  insula- 
tion of  barrel  and  piezometer  is  now  at  least  as  high  as  10,000  meg- 
ohms and  need  not  be  less  than  1,000  megohms.  This  is  an  important 
requisit-e  in  experiments  like  the  present. 

The  special  work  on  the  effect  of  pressure  on  the  electromotive  force 
of  the  cell  KaHg/glass/Hg  has  intrinsic  interest  apart  from  its  sub- 
sidiary purpose  as  embodied  in  the  present  text.  From  experiments 
to  be  published  in  a  bullecin  of  the  TJ.  S.  Geological  Survey,  I  infer 
that  the  secret  of  the  relation  of  the  Peltier  contact  to  the  Volta  con- 
tact will  probably  manifest  itself,  if  a  suitable  cell,  suitably  com- 
pressed, be  carried  through  a  large  range  of  temperature  quite  into 
red  heat. 

»  Am.  Jour. S<i.,  vol. 37, 1889,  pp. 339-y51. 
«  Phil.  Mag.,  5th  8or..  vol.  30, 1890,  p.  338. 
•  PQ8»iblycouUuuin^  rubber.  ^^^^ 
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?ain  another  inference  by  comparing  the  present  results  with  the 
of  iny  hi«t  palmer'  on  the  effect  of  presHure  on  the  thermal  rela- 
of  metallic  and  electrolytic  conductivity. 

iially,  the  present  work  is  tributary  to  an  extended  series  of  exper- 
ts on  the  relation  of  melting  point  and  pressure,  as  will  appear  in 

§  88.    Thus  it  forms  an  essential  part  of  the  work 

suggested  by  Mr.  Clarence  King. 

APPARATUS. 

84.  Compressor, — Hydrostatic  pressures  as  high  as 
1,500  atmospheres  were  applied.  Having  found  that 
within  the  limits  of  the  present  paper  nothing  essen 
tially  novel  was  gained  by  excessively  high  values  of 
pressure,  I  facilitated  my  work,  by  ayoiding  them 
as  much  as  possible. 

85.  Vapor  baths. — To  obtain  different  constant 
temperatures,  the  tubes  were  exposed  successively 
to  vai>ors  issuing  fi'om  water  (100^),  turpentine 
(160O),  naphthalene  (2150),  and  diphenylamine 
(310O).  A  serviceable  continuous  vapor  bath  for  this 
purpose  is  also  described  in  the  paper  last  cited.  I 
need  only  add  that  the  ends  of  the  brazed  copi)er 
bath  are  provided  with  screw  stuflRng-boxes  of  the 
ordinary  kind,  in  which  eitlier  asbestus  packing  or 
a  hollow  (cylinder  of  cork  may  be  forced  home  by 
the  gland.  Vapor  baths  must  be  removed  hot 
They  then  slide  off*  the  smooth  steel  piezometer 
easily,  and  without  jarring  the  tube. 

B.  Imulation, — In  the  compressor  the  arrange- 
ment adopted  is  that  of  insulating  the  piezometer 
tube  from  the  barrel  and  compression  appurte- 
nances. Inasnuich  as  in  some  of  the  expeiiments 
the  resistances  to  be  measured  amount  to  several  hun- 
dred megohms,  the  piezometer  insulation  must  be 
perfect  to  at  least  several  thousand  megohms.  How 
this  was  gradually  accomplished  will  be  explained  in 
§§  94  et  seq.  Gutta-percha  covered  wire  and  raised 
hard-rubber  commutators  are  essential.  Care  must  , 
be  taken  to  insulate  the  water-jackets  which  cool  the 
of  the  piezometer,  and  to  allow  the  efflux  water  to  drop  into  a 
:n  discontinuously.  The  burners  which  heat  the  vapor  bath  must 
isulated  to  prevent  conduction  through  tlie  flame,  etc.  ,  At  high 
cratures,  where  tlie  resistance  of  the  glass  will  have  decreased 
al  hundred  to  one,  many  of  these  precautions  are  superfluous, 
are  always  necessary  wlieu  oils  are  examined. 


S 

H 


I  Am.  Jour.  Scl.,  vol.  40,  180a,  jip.  219-223. 
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87.  Ths  resistance  tube. — The  originai  apparatus  %for  measnring  the 
fsistance  of  compressed  glass  is  shown  in  Figures  14  and  15,  of  which 
te  latter  is  a  diagram.  Fig.  •       <i- 

:  consists  Vssentiall}'    of  C^CC^^^^yK 

0  coaxial  glass  tubes,  the  N^Tyivy  \M/i\n 
iger  completely  surround- 
»•  the  smaller.  The  diam- 
^r  of  the  larger  (thick- 
illo(l)  tuhe  is  '4:  to  'o*^™  ; 
at  of  the  inner  (thin- 
lled)  tube  is  •2«™.  They 
'.  joined  along  the  ring 
.  Two  separate  compart- 
nts  are  thus  formed,  the 
er  of  which  is  filled  with 
e  mercury  and  the  outer 
h  sodium  amalgam,  to  a 
icient  length  to  com- 
tely  envelop  the  inner 
e.  The  end  of  the  large 
e  contains  hydrocarbon 
to  protect  the  amalgam 
inst  moisture  or  air 
n  the  tube  is  not  in 
e,  and  also  to  prevent 
saponification  of  sperm 
nd  to  eliminate  condens- 
air  when  the  tube  is  in 
3.      Mercury   and    the 

amalgam  are  to  be  in- 
deed by  aid  of  the  air- 
[),  care  being  taken  to 
out  all  traces  of  air. 
mercury  of  the  inner 
»artment  is  in  galvanic 
?etion  with  the  plati- 
wire  6,  which  in  its  turn 
?c  ts  with  thepiezometer 
Hence  b  need  not  be 
ited.  The  amalgam  is 
?d  by  the  terminal  c, 
letely  insulaled  from 
iezometer  by  the  un- 

1  length  of  cold-glass  tube  surrounding  the  wire.  To  prevent  the 
from    being  pulled  out  of  i)lace  during  the  adjustments,  e  is 

in  tbe  inside  of  the  insulator  tube  as  shown  in  the  figure.    This 
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terminal  is  in  galvanic  connection  with  the  barrel.    It  is  seen  that  ik 
tube  is  virtually  a  galvanic  cell,  ]N'aHg/glass/Hg,  and  is  reversible. 

Under  the  influence  of  hydrostatic  procure  the  fig- 
ure of  the  glass  tube  is  symmetricaUy  reduced  in  9m, 
Hence,  with  regard  to  the  conduction  taking  plat^ 
across  the  walls  of  the  inner  tube,  the  resistance  wcmld 
be  increased,  in  consequence  of  changes  of  dlmensioDx 
only  by  the  amount  in  which  the  length  of  the  inner 
tube  is  diminished.  In  other  words,  if  r=^sl/2wRL 
where  «,  Ij  R,  L  denote  respectively  specific  re^istaime. 
thickness,  radius,  and  length  of  thin  tube,  then  the 
dimensional  eft'ect  of  pressure  is  (yr=(#7/2;rBL)  x^L  L 
nearly.  But  all  such  values  ((JL/L  being  less  than  .1 
per  cent  per  1000  atm.)  are  negligible  in  compari^t'a 
with  the  relatively  large  pressure  coeflBcieuts  actually 
obtained  (cf.  Tables  48  to  55,)  and  to  be  interpreted  wiiii 
reference  to  ^'—s. 

Fig.  15  (diagram^  shows  the  resistance  tube  in  pla«- 
PP  is  the  tubular  steel  piezometer,  surrounded  by  iht 
vapor-bath  V  V,  and  the  cold-water  jackets  D  D  and 
D'  D',  and  filled  with  the  oil  O  O,  by  which  the  pressure 
is  transmitted.  The  inner  compartment  of  the  glass 
tube  is  at  a  (mercury),  the  outer  compartment  at  «  » 
(sodium  amalgam),  with  petroleum  at  n  n.  The  termi 
nal  wires  are  shown  at  b  (cathode  connecting-  with  the 
piezometer)  and  at  c  (anode,  insulated). 

88.  In  the  course  of  my  work,  however,  I  fonnd  it  es- 
sential to  connect  c  with  the  piezometer  and  to  insulate 
b;  for  by  thus  reversing  the  tube  there  is  no  tendencv 
of  short-circuiting  through  oil  and  the  outer  tube.  In- 
deed, so  important  is  this  adjustment^  that  I  farther 
modified  the  tube,  Fig.  13,  in  the  way  indicated  in  Fig.  16. 

Here  the  inner  compartment  is  filled  with  mercury 
to  only  about  T^*"  of  the  end.  The  remainder  of  tbe 
tube,  containing  hydrocarbon  oil,  runs  completely 
through  the  piezometer  into  the  barrel,  with  which  the 
insulated  platinum  terminal  connects.  To  keep  the 
mercury  in  place,  the  inner  tube  is  drawn  down  to  a 
smaller  diameter  (see  t,  Fig.  3),  into  which  the  mercorj' 
meniscus  proje<*t8.  Air  is  excluded  by  boiling  the  mer- 
cury Avith  the  platinum  wire  in  place.  The  latter  amal- 
gamates externally,  but  carelul  handling  is  none  the  less 
advisable.  The  outer  tube,  with  its  filling  of  sodium 
,^  amalgam,  not  only  envelops  the  inner  mercury  thread, 

but  extends  in  both  directions  as  far  as  the  cold  parts  of  tiie  sur- 
rounding piezometer  tube.    Since  c  connects  with  this,  no  current  will 
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pass  through  the  film  of  hot  oil  and  the  outer  glass  tube.  All  currents 
between  piezometer  and  barrel  must  therefore  pass  through  the  walls  of 
the  inner  glass  tube — a  condition  which  is  further  insured  by  making 
XaHg/glass/Hg  the  acting  electromotive  force.  I  have  purposely  de- 
scribed these  precautions  at  length ;  and  their  importance  is  obvious 
Avhen  it  is  remembered  that  the  oil  medium  has  a  larger  pressure  coeffi- 
cient thati  glass,  and  that  the  insulation  of  oil  sometitoes  breaks  down 
in  marked  degree  with  rise  of  temperature  (§  103).  The  effect  of  cold 
oil  can  be  found  preliminarily,  when  the  whole  apparatus  is  cold. 

89.  Arrangement  for  testing  insulation. — I  have  finally  to  show  the  ap- 
paratus for  testing  the  resistance  and  pressure  coefTicicnt  of  the  liquid 
insulators  at  different  temperatures.  This  is  given  in  Fig.  17  (dia- 
gram), and  consists  essentially  of  a  cylindrical  steel  rod  s  «,  adjusted 
coaxially  with  the  steel  piezometer  P  P,  containing  the  oil  to  be  tested. 
Tubes  of  glass,  gg,  hold  the  rod  ss  in  position.  Owing  to  the  fac^t  that 
above  2(K)o  glass  conducts  better  than  most  hydrocarbon  oils,  this  in- 
sulating arrangement  is  not  quite  satisfiictory ;  but  by  using  thin-walled 


Fio.  17.— Arrangemoat  for  measuring  the  prepare  increments  of  the  electric  roslstanoe  of  liquid 

iusnlators. 

glass  tubes  filled  with  the  oil,  the  data  so  obtained  are  sufficient  for  the 
purposes  of  the  present  text,  since  the  rate  of  breakdown- with  temper- 
ature is  accentuated.  It  is  seen  that  the  measuring  current  passes 
from  the  piezometer  P  P,  through  the  cylindrical  layer  of  oil,  into  the 
rod  «»,  and  thence  to  the  battery.  The  diameters  of  steel  core  and 
piezometer  tube  being  -13  and  -GSeentim.  respectively,  and  the  exposed 
part  9  centim.  long,  the  specific  resistance  of  the  layer  of  oil  is  easily 
computed  (§  103). 

TO.  Digression. — By  filling  the  greater  part  of  the  closed  end  of  the 
inner  tube  (Fig.  13  or  Fig.  14)  with  the  substance  to  be  examined,  and 
the  open  end  as  far  as  e  with  mercury,  the  tube  is  available  for  the  study 
of  melting  point  and  pressure.  In  such  a  case  the  forward  motion  of 
the  inner  mercury  meniscus  due  to  pressure  proportionately  decreases 
the  resistance  of  the  arrangement  by  increasing  the  opposed  surfaces 
of  mercury  and  sodium  amalgam.  Increased  delicacy  is  secured  by  en- 
larging the  bulb  at  the  end  of  the  inner  tube.  At  the  solidifying  point 
the  sample  usually  undergoes  a  phenomenal  reduction  of  volume,  cor- 
responding, therefore,  to  a  similarly  large  reduction  of  resistance.  This 
occurrence  I  proi)ose  to  use  as  the  criterion  of  solidifying  point  and  of 
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meltuig  point.    The  apparatus  is  available  above  lOO^  uuder  any  pres 
sure  up  to  several  thousand  atmospheres. 

The  criterion  specified  is  also  available  when  a  fine  platinum  wire  is 
stretched  through  contiguous  coaxial  columns  of  the  substance  and  of 
mercury  iu  a  vertical  piezometer. 

91.  Resistance  meti^ure^nenL — Resistances  were  first  measured  by  a 
bridge  method;  but  owing  to  the  fact  that  electromotive  forces  are  in 
volved  which  may  themselves  vary  with  pressure,  I  lost  faith  in  the 
safety  of  these  methods  and  replaced  them  by  simple  circuit  methcMls. 
The  errors  to  be  guarded  against  are  primarily  in  the  experiment  itself. 
Again,  the  resistance  tube  (Figs.  14-16)  is  well  adapted  for  simple  cir- 
cuit work,  since  the  electromotive  force  NaHg/glass/Hg  may  exceed  a 
volt,  and  the  only  pronounced  resistance  is  in  the  cell.  Only  at  100^ 
need  auxiliary  cells  be  inserted. 

Throughout  the  work  the  low-pressure  or  fiducial  resistance  is  meas- 
ured before  and  after  the  high-pressure  resistance.  This  safeguard  is 
necessary.  From  three  to  five  minutes  were  allowed  for  the  elimination 
of  thermal  discrepancies.  The  fiducial  resistance  is  to  be  measare<l 
under  a  pressure  of  100  to  200  atmos]iheres,  both  to  condense  the  air 
retained  in  the  pump  and  to  make  the  oil  less  compressible  (§  116).  Not 
much  care  was  taken  i\\  measuring  tlie  absolute  resistances,  since  the 
inferences  of  this  paper  are  to  be  drawn  from  the  increments. 

92.  Galvanometer. — In  the  high-resistance  experiments' I  used  the 
Elliott  square  pattern  of  Thomson's  high-resistance  astatic  galvanome- 
ter. The  readings,  however,  were  made  by  PoggendoriTs  method  of 
telescope  and  scale.  To  adapt  Thomson's  concave-mirror  adjustment 
to  this  purpose,  I  compensated  the  curvature  by  an  ordinary  ^'No.SG" 
concave  spectacle  glass  fixed  in  front  of  the  mirror,  diffuse  light  bein? 
suitably  screened  off.  Glass  "No.  36"  slightly  undercompensates  the 
mirror,  leaving  some  magnification  which  is  not  undesirable.  How 
far  a  weak  telescope  may  be  made  to  do  the  service  of  a  more  powerful 
instrument,  by  virtue  of  the  concave  mirror  and  a  lens  even  weaker  tbau 
No.  36,  remains  to  be  seen.  With  the  above  adjustment  of  lens  and 
mirror,  using  a  telescope  magnifying  somewhat  over  20  diameters,  and 
a  scale  somewhat  further  than  2  meters  from  the  miri'or,  I  obtained  an 
image  about  4-5  centim.  long  and  sufficiently  distinct  for  all  practical 
purposes.  Thus,  if  one  volt  act  in  one  million  megohms,  the  current 
produced  .would  only  just  escape  detection. 

At  200O  the  galvanometer  was  suitably  shunted. 

93.  Othsr  adjustments. — Regarding  other  manipulations,  the  paper 
cited  in  §  84  will  have  to  be  consulted.  Electromotive  forces  were  meas- 
ured by  a  zero  method. 

OBSERVATIONS. 

94.  Tables  eocplmned. — Table  48  contains  data  for  the  apparent  change 
of  the  resistance  of  glass  with  pressure,  when  the  liquid  which  trans- 
mits pressure  is  ordinary  saponifiable  sperm  gi^^^^^|Iere  6  denotes  the 
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temperature  of  the  vapor  bath,  approximately,  and  R  the  resistance  of 
the  uncompressed  glass  shell.  Sli/B,  is  the  increment  of  resistance,  B 
corresx)onding  to  the  pressure  increment  Sp,  where  the  initial  i)re88ure 
is  at  least  50  atmospheres  (§91).  k,=611/R.6pis  the  pressure  coeffi- 
cient. To  save  space,  I  have  taken  the  mean  of  the  two  or  three  com- 
plete triplet  observations  for  each  6p  given.  The  table  contains  six 
independent  series  of  experiments,  made  at  different  times  and  often 
with  difierent  tubes.  The  adjustment,  however,  was  in  the  main  that 
of  Fig.  15  reversed. 

Table  48. — Apparent  effect  of  pressure  {in  atmospheres)  on  the  resistance  of  glass,  in  an 
insulating  medium  of  animal  sperm  oiL 


Series  No. 
9 
R 

HeuiJkrXlO* 

10>X 
SR/R 

«P 

10«X*r 

Seriei!  No. 

e 

R 

Moan  IrrX  10* 

10»X 
«K/R 

51 

«P 

io«X*r 

I. 

82 

470 

174 

in. 

480 

110 

2150. 

160 

835 

103 

310°. 

90 

877 

113 

U7X10»« 

213 

1180 

.  181 

— 

165 

1320 

125 

182. 

116. 

I. 

76 

456 

167 

IV. 

164 

450 

365 

2150. 

157 

825 

191 

1000. 

330 

030 

355 

117XlO»i» 

217 

1160 

188 

_ 

183. 

360. 

I. 

60 

407 

110 

IV. 

112 

516 

217 

310«>. 

117 

830 

142 

160°. 

102 

525 

106 

8X10S. 

170 

1175 

145 



111 

610 

.  185 

137. 

200. 

420 
420 

I. 
8IO0.  . 
6X10«« 

61 
il6 
168 

470 
845 
1155 

130 

136  ; 

137 

VI. 

1000. 

605 
650 

686 
640 

134. 

660. 

n. 

67 

390 

171 

VI. 

127 

655 

104 

2150. 

136 

750 

180  ; 

I6O0. 

136 

644 

211 

122X10>« 

195 

1070 

182 : 



141 

674 

200 

178. 

1 

203. 

II. 

40 

450 

112  ' 

VI. 

126 

657 

102 

310O. 

07 

790 

122 

2150. 

123 

601 

177 

9X10*» 

145 

1120 

127 



127 

688 

184 

121. 

1 

184. 

in. 

85 

616 

163 

VI. 

07 

680 

143 

•2150. 

166 

1000 

163 

'     310O. 

80 

630 

138 

laoxuA* 

210 

1405 

156  ' 

1     10«« 

161. 

140. 

95.  Remarks  on  the  table, — A  graphic  construction  shows  the  charac- 
ter of  these  divers  series  to  be  identical,  though  the  individual  pressure 
coefficients  show  marked  variation.  The  dat?);  of  the  third  series  are 
made  in  connection  with  the  following  data  of  Table  49,  in  which  elec- 
tromotive forces  are  measured  before  and  after  the  resistance  measure- 
ments.   As  a  rule,  the  galvanometer  needle  does  not  reach  its  position 
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of  equilibrium  at  once;  the  slow  changes  registered  are  probably  due 
to  gradually  vanishing  thermal  discrepancies  (§121). 

96.  Eleciramotive force, — Table  49  gives  results  for  the  effect  of  pres- 
sure on  the  elet^tromotive  force  NaHg/glass/Hg.  Here  6  is  tlie  tem- 
perature of  the  vapor  bath,  and  e  the  observed  electromotive  force,  in 
volts,  corresponding  to  the  pressure  6p^  when  the  iiiitial  pressure  is 
above  50  atmospheres  (§  9i).  fc^  =  ^eje .  dp  is  the  pressure  coefficient 
Five  minutes  were  allowed  per  observation.  Special  experiments 
showed  that  e  decreases  on  cooling.  The  medium  for  trani>mlttiDg 
pressure  is  again  ordinary  animal  sperm  oil.  Earlier  obseivations  were 
discarded,  and  the  results  are  condensed  as  fai*  as  i>ossible. 

Table  49. — Apparent  effvcl  ofpretumre  on  the  electromotive  force  ofNaflg/glasB/Hg, 


MeanJbeXlO^ 

- 

ip 

eXlO* 

10«>ifcr 

e 

,  Moan  ifc^XlO' 

ip 

exW 

10«^e' 

lOOo. 

C       0 

5180 

__ 

;         1 2150. 

>   488 

11182 



230. 

\   720 

5050 

210 

10-9 

11244 

U-3 

1 

no8o 

4300 



I    992 

11210 

5440 

245 

11332 

11-0 

*215°. 
7'3. 

\   533 

'     10872 
10904 

5-5 

(1378 

11224 
11374 

9-7 

i   524 

10012 
10050 

6-7 

\   550 

11214 
11286 

1^; 

f      " 

10022 



310O. 

I   505 

10658 



\   651 

109C8 

7-7 

•            51. 

10672 

2-5 

[lOlO 

10990 

6-8 

{J, 

10606 

. 

r   0 

10924 

— 

10706 

7-8 

I    535 

[lOll 

10976 
11008 

8-9 

1 
7-7 

r    0 

10924 



542 

10972 

8-2 

1033 

11004 

7-2 

1 1441 

11U24 

6-5 

r    0 

10012 



» 

J    540 

10968 

0-6 

1027 

11004 

8-3 

Ii4:j6 

11028 

7-4 

*  Before  the  reaiAtance  inea«ureiiieiit«. 
t  After  the  rt^aistance  rocahurements. 

97.  Remarks  on  the  table. — To  facilitate  measurement,  the  grejvter 
number  of  experiments  are  made  at  216o.  Polarization  was  obsen^ed; 
and  for  this  reason  the  measurement  of  temperature  coefficients  by 
removing  and  readjusting  va])or  baths  was  not  tried.  The  increment 
of  electromotive  force  is  largest  immediately  after  compression  (temi>o- 
rary  effect),  and  then  decreases  to  the  apparently  constant  values  of 
the  table.  The  (Converse  holds  for  the  decrement  on  removing  pressure. 
At  100^  no  satisfactory  results  could  be  obtained  (§  118).  At  310^, 
although  the  temporary  effects  were  distinct,  the  permanent  effects 
are  not  warranted, 
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98.  Pressure  coefficient  of 

sperm  oil. — Table  50 contains  1300 

results,    given    on    a  plan 

identical  with  tliat  of  Table 

48,  for  the  case  in  which  the  ,^^^ 

■200 
glass  tube  (Fig.  14)  was  re- 

moved  and  the  steel  rod 
(Fig.  17)  inserted.  In  this 
way  the  pressure  coeflficient  ilS^ 
of  ordinary  sperm  oil  was 
found.  Table  50  also  con- 
tains results  for  glass  made  1000 
after  the  work  with  oil. 

These  results  are  shown 
in  Fig.  18,  where  little  cireles  qqq 
distinguish  the  observations 
for  oil. 

The  pressure  coefficient  of 
sperm  oil  is  therefore  de-^^ 
cidedly  larger,  and  the  spe- 
cific resistance  of  this  oil  is 
usually  smaller,  than  that  of  '^^0 
glass  (cf.  §  103,  Tables  56 
and  57);  but  the  breakdown 
ofresistance  with  rise  of  tern-  600 
perature  is  more  marked  in 
the  latter  case.    Neverthe- 
less the  data  of  Table  50  cast  caq 
grave  doubt  on  the  trust- 
worthiness of  the  data  of 
Table  48;  and  hence  a  search 
must    be   made    for    more 
highly    insulating    liquids. 
For  obvious  reasons  I  se- 
lected the  hydrocarbon  oils  300 
of  the  paraffin  series. 

99.   Pressure  coefficient  of 
</a«aKn«.— Table  51  contains  200 
data  for  the  insulation  and 
pressure  coefficient  of  very 
volatile  gasoline. 

These  results  are  shown 
m  Fig.  19. 

The  resistance  of  gasoline 
is  therefore  enormous  ascom 
pared  with  sperm  oil,  and 
above  100^  more  than  100 
times  that  of  glass,    More- 


Ser  I. 

.. .  2. 

3. 

.      M.4. 

ZOO*      300%  -fvu, 

I  I        _  I  DigitizefcbyCjOQ^le 

FiQ.  18.— Pressure  coofflciont  and  temperatare  for  sperm  oil 
and  for  glass. 
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over  the  breakdown  of  the  gasoline  insulation  with  temperature  is  re- 
markably slow ;  but  owing  to  the  difficul  ty  of  keeping  the  apparatus 
free  from  leaks  in  the  case  of  this  very  thin  oil,  I  did  not  make  experi- 
ments with  the  glass  tube. 

Table  50. — The  insulation  and  pressure  coefficient  of  sperm  oil, 
[j)«  =  100  atm.    Pressnre  coefficient  of  glass.] 


Series  No. 

0 

K 

MeanlO«Xlv 

10»X 

4p 

10«X*r 

1     Series  Ko. 

1                0 

MeanlO«x*r 

10»X 
aR/B 

ip 

10«Xfc 

1. 

20O. 

18X10^ 

X6700. 

3300 
3500 
8100 
6500 
2200 

S40 

673 

1240 

1140 

553 

6200 
6100 
6600 
6700 
4000 

Glass  tnbeinserted. 

1     •     VII. 
100°. 
240xlOV» 
620. 

847 
378 

570 
580 

GOO 
640 

1. 

lOOo. 
2X10S« 
+880       . 

500 
550 
990 
400 

550 
610 
1150 
550 

910 
880 
800 
840 

VII. 

21 50. 

SOOXlOSftf 

171. 

00 
94 

186 

570 

560 

1000 

157 
170 
186 

1. 
2150. 

aooxiov. 

+380. 

180 
200 
230 

550 

'600 

675 

330 
330 
340 

. 

A  feature  of  these  results  is  the  negative  pressure  coefficients  found, 
which  themselves  decrease  algebraically  nearly  proportionally  to  the 
temperature  of  the  oil.  At  a  given  temperature  the  resistance  is  not 
constant,  but  decreases;  and  since  the  gasoline  is  discolored  when  re- 
moved from  the  press,  the  decrease  of  resistance  is  undoubtedly  a  solu- 
tion phenomenon.  Indeed,  I  suspect  that  negative  coefficients  are 
possibly  to  be  associated  with  solution  (§  123). 


Fio.  10. — ^PresBnre  coefficient  and  temperature  for  gasolino. 

100.  Pressure  coefficient  of  petroleum. — In  Table  52  data  are  given  for 
ordinary  illuminating  oil  (petroleum).  The  glass  tube  still  has  the 
form  of  Fig.  14,  reversed.    Two  sets  of  experiments  were  ihade. 
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Table  51. — Behavior  of  gasoline  under  pressure, 
[Initial  pressure,  po= 200  atm.    Resistance  at  20°,  2 X  1Q»«.] 


Series  No. 

0 

R 

Mean*rX10« 

10' X 
iR/R 

«P 

1 

1 

10«X*r 

Seriea  No. 

B 

R 

MeanirXlO* 

10»X 
6R/R 

ip 

10«Xikr 

2. 

0 

250 

0 

2. 

-880 

250 

—1500 

lOOo. 

810O. 

—550 

300 

—1800 

1-450  X10*«* 

220H10<u 

—580 

300 

-1900 

to 

-1800. 

-550 

300 

-18C0 

130X10^ 

-590 

300 

-2000 

I       dbO. 

2. 

215° 

-330 

250 

-1300 

r220X10>6> 

-290 

280 

-1050  1 

to 

-200 

280 

—  710 

160X10S. 

-140 

220 

-640 

I     -890. 

-190 

250 

-700 

Table  52. — Insulation  of  pressure  coefficient  of  petroleum. 
[Initial  pressure,  po  =  ^  ^Ata.    Pressure  coefttcient  of  glass.] 


Series  No. 

9 

R 

Meani^XlO* 

10»X 

«P 

10»X*r 

[ 

3, 
20°. 

700 
700 

460 
480 

1530 
1460 

J 

370xl0«« 
+  1500. 

3. 

lOOo. 

130xl0«« 

+  820. 

520 
570 

580 
760 

890| 
750 

8. 

2150. 

40X10«» 

+  274. 

134 
167 
177 

670 
590 
580 

234 
282 
306 

• 

3. 

310«>. 

'47X10««» 

to 

MX10«M 

—430. 

-285 
-281 
—229 
—223 
—192 

550 
570 
570 
640 
520 

—521 
-^92 
-404 
—349 
—369 

Series  No. 
e 

R 

MeantrXlO* 


10»x 
5R/R 


10«Xlv 


Petroleum  tested  again.    pii=200  atm. 


4. 

100°. 

740X10«« 

+  1800. 


4. 

2150. 

64X10V» 

+  560. 


4. 

310O. 

32X10«» 

—340. 


560 
750 


115 
193 
166 
200 

-115 
-175 
-100 
-105 
-140 
-116 
-130 
-105 


370 
360 


1500 
2100 


310 
306 


300 


360 
640 
653 
667 


300 
550 
285 
290 
523 
298 
495 
280 


—360 
—360 
—270 


—265 
—380 


Glass  tube  inserted. 


vin. 

100^. 

280X10«» 

+780. 


vm. 

2150. 

200x10^ 

+136. 


VIII. 

310°. 

50X10»« 

X43. 


630 

570 

880 

426 

610 

680 

1 

84 

630 

132  1 

86 

600 

142 

20 

740 

26 

34 

725 

34 

3? 

665 

50 

40 

640 

63  I 

IX. 

100°. 

10»» 

+  1330. 


IX. 

2150. 

700X10«» 

+  93. 


IX. 

310O. 

140XlO«w 

—76. 


400 


300 


300 
280 
800 
300 


300 
300 


1330 


66 


120 
100 


—107 
—  55 


Goo^ 


These  results  are  shown  in  Fig.  20. 
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The  specific  resistance  of  petrolenm  is  not  so  high  as  that  of  gaso- 
line, though  it  is  more  than  twenty 
times  that  of  glass  at  215^,  and  the 
insulation  breaks  down  less  rapid  ly . 
The^pressure  coefficients  decrease 
in  mai'ked  degree  with  rise  of  tem- 
perature and  nearly  proportionally 
to  it,  and  they  actually  pass  from 
positive  to  negative  values.  They 
are  of  a  larger  order  of  numerical 
magnitude  than  the  glass  coeffi- 
cients. At  310O,  w'here  the  petro- 
leum coefficient  is  negative  and  the 
glass  coefficient,  according  to  Ta- 
bles 48  and  50,  positive,  a  criterion 

)  of  the  effect  of  the  oil  is  obtainable. 
The  glass  tube  ^  does  not  stand  this 
test  fully,  since  the  pressure  coeffi- 
cients  of  oil  and  glass  in  series  ix 
are  both  negative,  though  the  effect 

<  of  the  glass  is  a  decided  algebraic 
increase  of  the  oil  coefficient.  More- 
over, as  the  trustworthiness  of  a 
tube  like  Fig.  14  reversed  is  no 
longer  vouched  for,  I  made  the 
remaining  experiments  with  the 
tube  Fig.  16.  I  also  tested  a  better 
insulatiug  oil. 

101.  Pressure  coefficient  of  thin 
machine  oil. — ^Tables  53  ana  54 
contain  data  for  the  insulation  and 
resistance  of  thin  mineral  machine 
oil  (<^  mineral  sperm"),  and  also  for 
glass  surrounded  by  it.  At  215^ 
the  resistance  of  the  liquid  is  more 
than  50  times  that  of  glass,  and 
the  breakdown  in  the  former  case 
much  less  rapid.  Two  glass  tubes 
of  the  form  Fig.  16  were  used  con- 
secutively. In  the  first  of  these 
the  into  jal  and  external  diameters 
of  the  inner  tube  were  0-24  and 


600^- 


[200 


-200- 


^300- 


;400. 


1 1  strougly  Buspect  that  some  oil  had  worked 
iUelf  down  into  the  sodiam  amalgam,  and  that 
thin  iR  the  true  canne  of  the  exceptional  bebavlor 
referred  to  in  the  text.  Thi8  inference  was  sot- 
taiiiod  by  a  disaoction  of  the  tolie  after  the  experi- 
ment. Digitized  by  LjOOQ 
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0.34  centimeters,  respectively;  in  the  otlier  the  dimensions  of  tlie 
inner  tube  were  those  given  in  §  87, 

Tablk  53. — iHBulation  andpresgure  coefficient  of  thin  mineral  machine  oil, 
[l)e=150  fttm.  ^iDsnlation  at  20^,  3x10^m.] 


Series  If  o. 

0 

B 

MeanfcrXlO* 

xio» 

d£/B 

ip 

fe-XlO* 

Serica  No. 

B 

R 

Moan  ibrXlO* 

lO^X 
ill,R 

^P 

*rX10« 

6. 

215°. 

820X10*6» 

+960. 

400 
400 

410 
420 

970 
960 

5. 

t310o. 

50X10«» 

+300. 

95 
95 
140 
125 
400 
400 

370 
340 
400 
890 
410 
420 

+260 
280 
350 
320 
970 
960 

5. 

*215. 

110X10«« 

-440. 

-220 
-160 
-190 

410 
430 
440 

-625 
-370 
-430 

*  Dirty,  after  an  explosion. 


t  Clean,  refilled. 


Table  54. — Pressure  coefficient  of  gl^assy  surrounded  hy  mineral  machine  oil, 

[|i^  =  lSO  atm.] 


Series  Now 
e 
B. 

MeanlvxlO* 

10»X 
dB/R 

«P 

fe-xio* 

Series  No. 

9 

B 

MeanitrXlO* 

10*X 
«R/R 

* 

trXlO* 

XI. 

61 

445 

137 

XI. 

57 

400 

143 

2150. 

59 

4^ 

140 

2150. 

59 

400 

147 

80X10^ 

190X10«« 

+138. 

+145. 

XI. 

53 

425 

127 

XI. 

71 

385 

185 

215°. 

67 

420 

157 

100°. 

94 

865 

260 

120X10«» 

30XlO«w 

113 

375 

800 

+143 

115 
116 
112 
126 

+250. 

XL 

310O. 
r  6X10^  to 
I    8X10»« 

41 
48 
46 
52 

363 

415 
420 
410 

*XII. 

2150. 

360X10»w 

+173. 

66 
69 
63 

395 
395 
355 

170 
175 
175 

+117. 

49 
48 

420 
415 

U7 
115 

*X1L 

310° 

54 
60 

350 
350 

155 
170 

26X10S» 

67 

380 

180 

+168. 

^Another  tube  of  higher  resiotauce. 

Some  of  these  results  are  shown  in  Fig,  21. 

Repetitions  of  this  work  led  to  virtually  the  same  uniformity  of  re- 
sult,- as  is  well  evidenced  by  the  close  coincidence  of  the  data  for  215^. 
The  coefficients  of  the  two  tubes,  however,  are  not  identical.  A  feature 
of  Table  53  is  the  change  of  sign  of  the  pressure  coefficient  when  the 
oil  has  become  contaminated.    It  is  in  these  experiments  (Table  SS) 
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that  I  specially  observed  the  apparent  accommodation  detailed  in  §  V2L 
As  a  whole,  the  data  are  in  reasonable  conformity  with  Table  48. 

102.  Pressure  coefficient  of  thick  machine  oil. — My  final  experiments 
were  made  with  a  very  sticky  mineral  machine-oil  (cf.  §  83).  Two 
tubes  of  the  form  Fig.  16,  but  of  different  resistances,  were  used  {§  101). 


9oc 


eoo 


TOO 


foo 


500    rM^^w 


400 


doo 


100 


*& 


200 — f^ 


V 


100'  wr  5oe^ 

Tia.  21.— Presfiure  coefficient  and  temperature  for  thin  min. 
eral  machine  oil  and  for  glass. 

At  310^  the  oil  coefficients  are  negative,  whereas  the  glass  coefficients 
remain  distinctly  positive.  This  seems  to  be  a  conclnsive  test,  sinco 
an  effect  of  the  glass  in  changing  the  sign,  or  in  anyway  increasing 
the  oil  coefficients  is  inconceivable.  The  increase  of  the  latter  "^nih 
X>ressure  at  215^  (cf.  Table  55)  is  probably  an  actual  occurrence.  The 
two  tubes  again  differ  in  their  proi>erties. 
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Tablb  55. — In8ulaHon  and  pressure  coefficient  of  sticky  mineral  machine  oil. 
IPa^lSO  Aim.    Preasare  coefficient  of  glaa».    Oil  insuUition  at  100^,  4  X  10''«.] 


SertesNo. 

Series  No. 

$ 
R 

10»X 

ip 

1 
fcrXl«», 

10»X 
iK/R 

Sp 

trX10« 

MeanlrXlO* 

1 

MeanifcrXlO* 

6. 

630 

810 

655      1 

xm. 

73 

430 

170 

nso. 

520 

820 

635 

*215. 

42 

460 

92 

130X10*» 

126 

360 

350 

120XlO*w 

60 

400 

125 

+610. 

155 

400 

390 

129. 

Tnbe  broken. 

6u 

810O. 
18X10^ 
-296. 

-140 
—146 
-120 
-125 
-125 
-115 

440 
410 
420 
450 
470 
430 

i 

-320      1 

-355 

-285 

—280 

-266 

—270 

Tnbe  of  high  resifttance  inserted. 

XIV. 

215°. 

730X10»« 

+205. 

81 
84 
165 
180 

400 
420 
830 
830 

202 
200 
200 
220 

170 

Tube  of 

lowresiBt 

Bnce  inserted. 

XIV. 

70 

415 

310O. 
86X]0S» 

60 

420 

145 

XIU. 

62 

415 

125 

130 

820 

160 

lOOo. 

64 

420 

150 

+155. 

125 

780 

160 

UXlO^i 

115 

820 

140 

64 

400 

185 

+185. 

99 

810 

125 

*  Dirty  after  an  explosion. 

These  results  are  shown  in  Fig.  22. 

103.  Dt^e«*.— In  Tables  56  and  57  I  have  briefly  summarized  the  sta- 
tistics of  insulation  for  oil  and  for  glass.  All  reference  is  made  to  215°, 
since  these  measurements  Jire  the  more  reliable.  The  table  is  not  in- 
tended to  convey  more  than  a  mere  estimate  of  the  conditions  en- 
countered. 

Table  56. — Breakdown  of  resistance  in  the  case  of  the  divers  oils  examined. 


^Moiilo  resistance  at 215 

Keiative  lesistance  at 20 

KelatiTe  resistance  at 100 

BelatiTe  resistance  at 215 

BelatiTereaistaDoeat 310 


Sperm 

oa. 

Gasoline. 

Petro- 
leum. 

Thin 

mineral 

machine 

oil. 

Very  thick 

mmeral 

machine 

oil. 

3X10» 

1800X10* 

400X10« 

1000X10* 

1200X10* 

60 

10 

20 

300 

00 

7 

2 

9 

30 

30 

1 

1 

1 

1 

1 

.. 

1 

•6 

•6 

•1 

Table  57. — Breakdown  of  resistance  in  the  case  of  divers  glass  arrangements. 
[Specific  resistance  at  215°,  19 X  10*.l 


Glass  in— 

Sperm  oil. 

Gasoline. 

Petroleum. 

Thin 

mineral 

machine  oil. 

Thick 

mineral 

machine  oil. 

o 
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215 
810 

500 

1 

1400 
1 
•2 

300 
1 
•2 

1 

•05    . 
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DEDUCTIONS. 

104.  Effect  of  pressure. — It  appears  from  Table  48  et  seq.,  tLat  the 
pressure-coefficient  does  notdecrease  with  the  size  of  the  pressure  inter- 
val (5|p.  The  tendency  is  rather  in  favor  of  an  increase;  but  this  is 
obscure.  Hence  the  results  obtained  are  properties  of  either  the  oil 
or  of  the  glass,  and  not  incidental  disturbances.    Moreover,  I  am  war- 


no.  22.— Pre«8nre  coefficient  and  tempeTturc  for 
thick  mineral  machine  oil  and  for  glaaa. 


ranted  in  taking  the  means  of  the  divers  pressure  coefficients  found  at 
any  temperatiue  as  the  probable  value  at  that  teini>erature. 

106.  Temporary  and  permanent  effects, — Kemarks  on  the  discriminft- 
tion  of  temporary  and  permanent  effects  have  been  made  in  §§  95, 97. 
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106.  Chart — In  order  to  obtain  a  clear  insight  into  the  data  of  Tables 
48  to  55,  it  is  best  to  constrnct  pressure  coefficient  as  afdnction  of  tem- 
l>erature.  This  has  been  done  in  Figs.  18  to  22,  above.  It  would  be 
more  in  keeping  with  the  present  work  to  coordinate  this  coefficient 
with  resistance;  but  the  latter  data»  are  not  sufficiently  accurate. 

107.  Pressure  and  chemical  equilibrium. — ^Turning  attention  first  to 
the  behavior  of  the  solid  insulator,  it  appears  that  the  electrical  resist- 
ance of  glass  increases  in  very  marked  degree  with  the  pressure  which 
is  brought  to  bear  on  it.  In  my  earlier  paper^,  in  which  I  subjected 
glass  to  tensile  stress  (presumably  dilatational),  I  found  that  the  resis- 
tance had  pronouncedly  decreased.  I  afso  found  that  the  results  at 
360^  were  not  as  evident  as  at  lOOo.  Hence  the  present  and  the  earlier 
observations,  though  attacking  the  question  from  opposite  points  of 
view,  are  in  accord.  I  am  thus  justified  in  announcing  that  the  chemi. 
cal  equilibrium  of  a  solid  cham,ges  with  each  change  of  strain  (§  114). 

108.  Effect  of  temperature. — ^The  tables  further  show  that  the  pres- 
sure coefficient  of  resistance  decreases  with  rise  of  temperature;  or  that 
the  effect  of  pressure  decreases  algebraically  as  the  number  of  firee  ions 
available  for  the  transfer  of  charges  become  greater.  In  an  earlier 
pai)er*  I  showed  that  the  resistance  of  a  liquid  electrolyte  like  zinc  sul- 
phate in  water,  or  of  a  liquid  metal  like  mercury,  is  a  decrease  of  spe- 
cific resistance.  Finally,  the  present  results  for  insulating  oils  contain 
several  examples  in  which  a  passage  of  the  positive  into  the  negative 
pressure  coefficient  is  directly  observed.  I  conclude  that  the  curve  for 
glass,  if  prolonged,  will  eventually  intersect  the  axis  of  temperature 
somewhere  in  the  region  of  low  red  heat,  and  that  the  further  course 
will  be  negative.  Hence  for  all  substances,  solid  or  liquid,  there  is  a 
point  or  state  of  electrolytic  dissociation  at  which  the  effect  of  pressure 
on  resistance  is  nil,  or  at  which  the  increased  molecular  stability  ob- 
tained by  pushing  the  molecules  nearer  together,  and  perhaps  of  bind- 
ing the  constituents  of  the  individual  molecule  more  firmly  together, 
counterbalances  the  decrease  of  the  path  over  which  the  ion  travels  in 
conveying  charge.  Taking  all  the  results  for  glass,  oils,  the  solution, 
and  the  metal  into  account,  it  appears  that  the  complete  functionality 
will  be  given  by  a  curve  which  is  asymptotic  both  to  the  vertical  in 
the  region  of  low  temperatures  and  positive  pressure  coefficients,  and 
to  the  horizontal  in  the  region  of  relatively  high  temperatures  and  neg- 
ative pressure  coefficients.  The  nature  of  this  curve  I  have  not  been 
able  to  work  out  (§  100),  nor  will  it  be  the  same  for  all  substances. 

109.  Molecular  effects  of  stress. — Having  thus  found  a  consistent  be- 
haviour in  metals  and  electrolytes  in  relation  to  strain,  I  am  prepared 
to  accept  the  proposition  italicized  in  §  107  as  true  for  solids^  generally, 

>  American  Journal  of  Scionce  (1889),  vol.  37,  p.  349. 

»  American  Journal  of  Science  (1890),  vol.  40,  p.  219.  ^ 

*  To  my  Xnowlcdge.the  only  oxperhnents  on  tin*  eflbct  of  pressnro  on  the  resistance  of  solid  metala 
are  due  to  Ohwolson  (Carl'ti  Repertorinni,  vol.  14,  p.  26,  1878,)  who  shows  that  thoir  pressure  cgeQ- 
doot,  Uke  that  of  mercury,  is  negative, 
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For  the  case  of  metals  Osmond^  has  partially  anticipated  me,  stjiting 
that  strain  more  or  less  completely  converts  cold  meUils  from  one  def- 
inite molecular  condition  into  another.  I  have  been  unable  to  find, 
however,  that  Osmond  has  any  direct  evidence  to  support  this  as4?er- 
tion,  and  I  have  already  pointed  out^  some  of  the  difficulties  which  Oi^ 
mond  must  surmount  before  his  view  can  gain  general  credence.  If 
mechanical  stress  is  to  convert  a-iron  into  p-iron^  it  is  not  to  be  over- 
looked that  whereas  the  hardness  called  temi)er  changes  the  electricjil 
resistance  of  steel  enormously  ^as  much  as  300  to  400  per  cent),  the 
electrical  effect  of  mechanical  strain  is  relatively  negligible.  Even 
though  much  of  this  discrepancy  can  be  exi)lained«away,  direct  experi- 
ments on  metals  confirming  Osmond's  view  will  not  be  easily  fi>rth- 
coming.  Two  years  ago  I  spent  much  time  in  endeavoring  to  throw 
light  on  the  polymerization  of  metals,  by  studying  the  hydroelectrics 
of  stretched  and  soft  wires',  by  dissolving  hard-drawn  and  auneaknl 
iron,  by  investigating  the  carburation  changes  of  strained  steel;  but 
in  no  case  have  I  found  evidence  of  an  indisputable  bearing  on  the 
point  at  issue.  Finally,  regarding  the  mera  sta-tement*  of  inferences 
of  the  above  kind,  I  believe  I  anticipated  Osmond  by  interpreting  vis- 
cosity in  solids*  with  reference  to  Clausius's  theory  of  electrolysis. 

110.  JTysteresis. — The  proposition  of  §  107,  taken  in  connection  vnth 
my  observation  of  the  occurrence  of  volume  lag',  under  isothermal  con- 
ditions, suggests  important  inferences  on  the  behavior  of  stress  sohds 
generally,  and  leads  naturally  to  an  explanation  of  hysteresis.  It  the 
pressure  under  which  a  liquid  just  solidifies,  caeteris  paribus,  is  in  excess 
of  the  (positive  or  negative)  external  pressure  at  which  it  again  liquefies 
(volume-lag*),  and  if  the  chemical  equilibrium  of  the  solid  acted  on 
changes  with  each  change  of  strain,  then,  quite  apart  from  consider- 


1 0smond:  Ann.  des  Mines,  July- August,  1888,  p.  6;  M6m.  do  I'artillerie  de  la  mnrioe  (Paris,  ISffi^). 
p.  4.  Of  course  I  make  no  reference  against  the  ingenious  experiment«  from  wfaich  Osmond  infers  the 
•pontaneons  conversion  of  a-iron  into  /Siron  at  red  heat. 

•Nature,  vol.  41,  1890,  p.  370. 

'American  Chemical  tTonrnal,  vol.  12  (1890),  page  1. 

<  Am.  Jour.  Sci.,  vol.  33,  1887,  p.  28. 

•Am.  Jour.  Sci.,  vol.  38,  1889,  p.  408. 

*  A  good  example  of  the  volume-lag  is  given  by  an  underoooled  liquid  like  ftised  thymol  (mdUsg  si 
S9°),  for  instance,  which  at^  say,  Z0°  solidifies  under  about  500  atm.,  and  doeiv  °ot  again  liqnefy  <m  re> 
moving  the  external  pressure.  I  have  worked  with  para-tolnidine,  naphthalene,  a-naphthoU  psrstBn. 
and  capriuic,  palmitic,  and  monochloracctic  acids.  My  original  belief  in  tho  general  cbarscter  of 
these  static  phenomena  has  recently  l>een  disturl)ed  by  new  experiments,  in  which  I  found  for  the 
special  case  of  paraffin  that  it  would  be  possible  to  be  misled  by  loeaJ  solidiflcahons  of  the  ooUidib 
under  pressure.  The  volumo-laj;  is  always  marked  when  there  is  even  a  suggMtion  of  uudemtolin;!- 
The  action  of  pressure  is  then  similar  to  the  closing  of  a  door  and  opening  it  again  without  lifting  the 
latch.  Observations  made  at  intervals  of  20  minutes  each,  with  palmitic  acid,  showed  that  at  66^  thia 
aubstance  solidifies  between  '.{00  and  400  atm.,  and  then  remains  solid  even  between  200  and  300  stni. 
At  100°,  a-naphthol  sulidilies  at  500  to  600  atm.,  and  when  pressure  is  being  removed  it  remains  solid 
until  about  150  atm.  Undercooled  capriuic  acid  at  20°  solidifies  under  150  atm.,  remaining  solid.  At 
33°  it  solidifies  at  about  5U0  atm.,  and  then  fuses  again  at  about  200  atm.  Local  solidifications  bers 
suggest  the  occurrence  of  isomers  or  other  impurity.  Sometimes,  as  in  the  case  of  naphthalene,  the 
volume-lag  is  not  thorougj^ly  static,  but  becomes  viscous  in  character,  etc.  I  have  yet  to  tdniy  tlM* 
effect  of  temperature  on  the  magnitude  of  the  volume-lag,  i.  e.,  on  the  difference  of  pressures  tm*- 
thermally  C/Orresi>onding  to  solidification  and  to  fusion.  Very  large  presanre-intervals  are  esa^tial 
for  this  purpose. 
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ations  directly  involving  the  second  law  of  thermodynamics,  quite 
apart  from  the  energy  dissipated  in  the  cycle,  the  solid  at  identical 
stress  points  needs  not  to  be  in  the  same  chemical  condition  while 
stress  is  being  removed  in  which  it  was  when  stress  wa«  being  ap- 
plied; for  there  will  be  certain  groups  of  particles,  unifonnly  distrib- 
uted throughout  the  solid,  which  during  the  '^stre8s-on'\ phase  pass 
from  a  first  molecular  condition  to  a  second,,  and  which,  in  virtue  of 
blie  volume-lag,  do  not  regain  their  original  state  at  identical  pressures 
)f  the  **  stress-off"  phase.  The  march  in  the  two  cases  is  not  a  sym- 
netrical  one.  This  I  take  to  be  the  inherent  nature  of  the  x>henomena 
itiidied  by  Cohn^  Warburg®,  and  others,  and  to  which  Ewing^,  after 
nuch  original  research,  has  given  the  generic  name  hysteresis.  In  my 
lote  I  pointed  out  the  important  bearing  of  the  volume-lag  on  the  mo- 
3cular  behavior  of  matter*,  though  I  have  yet  to  specify  my  views  in 
etail.  The^  occurrence  of  hysteresis  therefore  implies  a  favorable 
lolecular  mechanism  of  the  kind  indicated,  and  one  would  not  expect 
)  find  it  at  once  in  all  substances. 

Conformably  with  the  above,  the  interpretation  given  by  Mr.  C.  A. 
arus- Wilson*  of  his  important  discovery  (to  which  I  alluded  in  a 
►rmer  paper)  is  much  mjore  than  an  analogy. 

111.  Magnetic  hysteresis, — Warburg  and  Ewing  have  proved  that 
^steresis  is  not  only  associated  with  nu^chanical  stress,  but  may  be 
5ry  clearly  evoked  by  magnetic  stress.  Curiously  enough,  the  evi- 
»uce  in  favor  of  the  views  expressed  in  §  2(>  is  here  directly  forthcorn- 
g.  EemsenV  discovery  of  the  chemical  influence  of  the  nmgnetic 
Id,  additionally  substantiated  as  it  now  is  by  the  ingenious  experi- 
3nts  of  Rowland  and  BelF,  proves  beyond  a  doubt  that  magnetic  iron 
more  electro-negative  than  unmagnetic  iron.  Conformably  with  the 
ove  paragraphs,  I  therefore  infer  that  this  phenomenon  is  to  be  inter- 
i»ted  as  directly  evidencing  a  chemical  difference  between  magnetic 
d  unmagnetic  iron,  and  as  such  I  consider  it  an  exceedingly  inii>or- 
it  step  towards  an  ion  theory  of  magnetism^.    Thus  the  occurrence . 

5.  Cohn:  Wied.  Ann.,  vol.  6,  1878,  p.  388. 
Varburg:  Wied.  Ann.,  vol.  13, 1881,  p.  141. 
:wing:  Phil.  Trans.,  vol.  2,  1885,  p.  545. 
.m.  Jour.  Sci.,  vol.  38,  1889,  p.  408. 
aru8-WU»on:  Phil.  Mag.,  vol.  29.  1800,  p.  200. 
emsen :  Am.  Chem.  Jonr.,  vol.  3.  1881,  p.  157. 
owlaud  and  BeU:  PhlLMa^.  [5],  vol.2a,  1888,  p.  105. 

1  Nature  (vol.  41,  1890,  p.  370)  I  poiuttMl  oat  that  cloned  helical  paths  of  molecular  dimensinnR, 
rron-siating  of  aright  and  a  left  hand  8crew-thi*ead.  with  their  ends  joined,  can  be  generated  hy  . 
ymmotrical  intcrpenetration  of  two  congruent  Bravais  nets.  I  inferred  that  electrical  charges 
1  alozif;  and  around  the  said  closed  helical  paths  by  the  action  of  the  magnetic  field  could  be  niMde 
tlace  the  usual  conception  of  moleuulai'  currants  circulating  in  a  molecule  without  resiRtamo. 
thi.H  point  of  view  magnetic  and  electric  fields  merely  differ  in  the  rotational  character  of  the 
jr  as  compared  with  the  nonrotational  character  of  the  latter.  "Whereas  in  an  electrolyte  the 
[»HOciation  takes  place  as  the  result  of  chemical  relations  and  beat,  it  takes  place  in  a  metal  under 
ere  inflnence  of  heat.  The  immc4liate  action  of  both  fields  is  directional;  and  by  taking  advan- 
»f  the  iK>sitionB  of  labile  equilibrium  of  the  ion,  they  act  in  a  way  analogous  to  Clerk-MaxwoU's 
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of  the  cliemical  dift'erence  in  question,  and  the  explanation  of  magnetic 
hysteresis,  as  given  in  the  present  and  preceding  paragraphs,  mutmilly 
sustain  each  other. 

112.  Mechanism  of  viscomty. — Whether  viscosity  and  dissociation  in 
solids  are  to  be  explained  with  reference  to  a  single  mechanism,  or 
whether  w6  are  to  conceive  of  two  mechanisms  (molecular  and  atomic 
frameworks),  one,  as  it  were,  within  the  other,  is  at  the  present  stage 
of  research  a  mere  question  of  special  convenience.  The  remarkably 
low  viscosity  at  the  yield-points  of  metals,  a*s  well  as  the  similarly  low 
viscosity  near  the  Gore-Barrett  phenomena,  are  both  in  conformity  with 
the  sudden  passage  from  a  first  molecular  state  to  a  second^  through  an 
instability. 

It  may  be  well  to  point  out  the  bearing  of  the  singular  minimum^  of 
the  viscosity  of  hot  iron  on  the  interpretation  given  of  Maxwell's  theory,* 
more  explicitly.  When  iron  i)as8es  through  Barrett's  temperature  of 
recalescence,  its  molecular  condition  is  for  an  instant  almost  chaotic. 
This  has  now  been  abundantly  proved.'-*  The  number  of  unstable  con- 
figurations, or,  more  clearly,  the  number  of  configurations  made  unstable 
because  they  are  built  up  of  disintegrating  molecules,  is  therefore  at  a 
maximum.  It  follows  that  the  viscosity  of  the  metal  must  pass  through 
a  minimum.  Physically  considered  the  case  is  entirely  analogous  to 
that  of  glass-hard  steel  suddenly  exposed  to  300o.  If  all  the  molecules 
passed  from  Osmond's  /?  to  his  a  state  together,  the  iron  or  steel  would 
necessarily  be  liquid.  This  extreme  possibility  is,  however,  at  variance 
with  the  well-known  principles  of  chemical  kinetics.  The  ratio  of  stable 
to  unstable  configurations  can  not  at  any  instant  be  zero.  Hence  the 
minimum  viscosity  in  question,  however  relatively  low,  may  yet  be  large 
in  value  as  comi)ared  with  the  liquid  state. 

In  a  preceding  bulletin  (No.  73)  I  have  shown  that  to  explain  the  varied 
physical  phenomena  which  accompany  temper,  it  is  suflQcient  to  recognize 
some  special  instability  in  the  tempered  metal.  This  condition  is  given 
by  the  carbide  configuration,  and  the  physical  explanations  in  question 
may  be  made  without  specifying  its  nature  further.  The  essentially 
chemical  nature  of  this  phenomenon  is,  however,  not  to  be  ignored. 
Seeing  that  the  amount  of  carbon  contained  in  steel  is  not  large,  the 
electrical  resistance  of  hard  steel  is  at  once  an  expression  of  its  chem* 


demoiiB  ("Heat,"  chap.xxii,  §  10),  producing  marked  effects  at  the  expenditure  of  a  relatively  snail 
amount  of  work. 

The  advantage  which  I  seek  for  hi  thig  tentative  Buggestlon  has  direct  refor«io«  to  my  own  line  of 
work.  I  can  picture  to  myRclf  tlio  rAle  played  by  ih't  foreign  ingredient  chemically  present  in  iron,  in 
modifying  the  retentiveness  and  the  magnetic  stability  of  the  metal.  Thus  I  conceive  the  carbos 
atoms  in  hard  steel  to  be  so  placed  thAt  aft4^r  magnetisation  they  block  out  definite  closed  helical patlu 
in  the  metal,  along  which  the  transfer  of  charges  must  thereafter  take  place.  Hence  an  increase  of 
magnetic  stability  as  contracted  with  pure  iron,  where  f^m  any  point  four  or  more  such  paths  may 
be  open.  Again,  other  substances  (manganese,  say)  may  be  conceived  to  unit«  with  the  iron  in  cAich 
a  way  as  to  shut  out  the  possibility  of  closed  helical  paths  altogether.  The  fact  that  my  pennaiieiit 
magnet  is  essentially  a  self<oxhausting  engine  doos  not  seem  to  be  a  serious  objection. 

1  Roberts  Austin:  Mature,  vol.  41, 1890,  pp.  11, 34. 

•Barus:  Bulletin,  U.S.  Geol.Sur., No. 73, 1891.  .      * 

•  Cf-  Jolm  Hopkinson :  PhU.  Xraqs.,  London,  vol.  180,  p.  443, 1889,  where  the  Ut^xtttme  may  he  fiqM- 
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ical  composition,  strnctarally  unknown  though  it  be.  Hence  in  the 
electrical  diagram  of  the  phenomena  of  temper,  constructed  by  Dr, 
Strouhal  and  myself,^  the  time  yariation^  of  resistance  of  hard  steel  at 
any  given  temperature  may  be  interpreted  as  a  case  of  Wilhelmy's^rate 
of  chemical  reaction,  and  expressed  in  accordance  with  his  well-known 
exponential  law.  This  indeed  is  the  character  of  the  observed  curves. 
Hence  also  the  full  diagrahi  of  the  phenomena  of  temper,  considered 
both  in  their  variation  with  time  and  with  temperature,  is  available  for 
the  elucidation  of  moot  points  relative  to  the  effect  of  temperature  on 
rate  of  chemical  reaction. 

From  all  that  has  been  said  it  is  clear  that  the  mechanisms  of  viscosity 
and  of  diffusion  (electrolysis),  though  containing  a  similar  thermal 
factor,  can  not  be  quite  the  same.  Thus  it  has  lately  been  shown  by 
Beformatsky  ^  that  the  speed  of  the  same  reaction  in  a  jelly  and  in  a 
water  medium  do  not  appreciably  differ.  On  the  other  hand  diffusion 
in  solids  is  essentially  a  slow  process.  Studying  the  colored  oxide 
coats  on  iron,  Dr.  Strouhal*  and  I  pointed  out  that  the  outer  surface 
of  the  film  is  oxidized  as  highly  as  possible  in  air;  and  that  th€i  inner 
surface  of  the  film,  continually  in  contact  with  iron,  is  reduced  as  far 
as  possible.  This  distribution  of  the  degree  of  oxidation  along  the 
normal  to  the  layer,  is  equivalent  to  a  force  in  virtue  of  which  oxide  is 
moved  through  the  layer,  firom  its  external  surface  to  its  internal  sur- 
face. The  formation  of  an  oxide  coat  is  thus  a  case  of  diffusion.  Con- 
formably with  this  view,  the  film,  during  its  formation,  behaves  like  an 
electrolyte,  as  was  discovered  and  substantiated  by  Franz,  Gangain,  and 
Jentin,  and  more  recently  by  Bidwell  and  by  S.  P.  Thompson.  We  then 
adverted  to  the  crucial  difference  between  diflfusion  in  solids  and  diffu- 
sion in  liquids,  inasmuch  as  in  the  former  case  (solids)  diffusion  demon- 
strably ceased  after  a  certain  small  thickness  is  perm^^d.  The  limit 
thickness  of  the  film  is  reached  asymptotically  through  infinite  time. 
It  has  a  definite  value  for  each  temperature,  increasing  as  temperature 
increases.  In  the  light  of  other  information  since  gained  this  explana- 
tion is  substantiated.  The  formation  of  the  oxide  coat  is  a  case  of  solid 
diffusion,  and  as  such  it  bears  the  same  relation  to  the  diffusion  of 
liquids  that  the  viscosity  of  solids  bears  to  the  viscosity  of  liquids. 
The  two  phases  (solid,  liquid)  of  each  phenomenon  are  to  be  correlated 
in  ways  essentially  alike.  The  available  stress,  as  compared  with  the 
available  instability,  determines  the  time  character  of  the  result. 

To  recapitulate:  In  the  usual  cases  of  viscosity  there  are  presented 
to  us  cases  of  localized  destructions  of  configurations,  the  integrant 
parts  of  which  are  stable  molecules.  In  the  case  of  chemical  interac- 
tion between  contiguous  configuration  (diffusion,  electrolysis)  consist- 

1  Bulletin,  U.  S.  Geol.  Snr.,  No.  14,  chapter  ii,  1883. 
»  Wllhelmy :  PogR.  Ann.,  vol.  81, 1850,  pp.  413, 499. 

*  Beformatflky :  Zeitsohr.  f.  phys.  cbem.,  vol.  7, 1891,  p.  84. 

*  Ball.  IT.  S.  Geol.  Sur.,  No.  27,  1886,  p.  61. 

Bull  94 ^9 
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ing  either  of  an  exchange  of  atoms  or  of  molecalcs,  there  need  be  no 
viscous  effect,  provided  the  exchange  is  perfectly  reciprocal.  In  the 
case  of  irreciprocal  interaction,  finally,  by  which  molecoles  are  left  iii 
the  lurch  and  broken  up,  the  configuration  of  molecules  will  also  be 
modified,  and  hence  a  viscous  effect  aj^pears.  Examples  of  all  these 
cases  are  frequent  in  the  above  text. 

118.  Electrical  effects  of  ceolotropic  8tres9,-^lt  follows  from  tables  48 
to  56,  that  in  an  aeolotropically  strained  transparent  solid  like  gla-ss,  elec- 
tric conduction  is  different  in  different  directions,  the  difference  depend- 
ing on  the  intensity  of  strain.  Suppose  this  be  considered  in  connec 
tion  with  the  doubly  refracting  property  of  such  a  solid,  and  again 
with  Warburg  and  Tegetmeier's*  researches  on  the  electric  <K>nductaoa 
of  quartz  along  its  optic  axis,  with  nonconductioil  at  right  angles  to  it. 
Then  the  inference  is  tenable,  that  the  strain  artificially  sustained  in 
one  case  is  naturally  sustained  in  the  other.  Tegetmeier's  conducting 
sodic  silicate,  ingrained  in  the  crystalline  structure  of  quartz,  and  pos- 
sessing larger  molecular  conductivity  in  quartz  than  in  glass,  may  be 
looked  to  as  responding  to  strain  of  the  kind  suggested* 

UNAVOIDABLE  EBEOBS. 

114.  Polarization. — In  the  next  six  paragraphs  it  will  be  convenient 
to  discuss  some  of  the  errors  relating  to  both  the  measurements  of  resist- 
ance and  electromotive  force. 

The  effect  of  pressure  on  the  polarization  occurring  in  case  of  the 
above  cell  and  of  exceedingly  weak  currents  is  somewhat  difficult  to 
handle.  Warburg*  and  others  have  shown  that  the  reaction  is  essen- 
tially Na/glass/Hg  changiug  to  Na  Na^SiOaglass/NaHg,  or  a  mere 
transfer  of  scuiinm  through  the  walls  of  the  glass,  by  aid  of  sodium 
silicate  as  a  conveyancer.  I  shall  therefore  have  to  rely  on  the  data  of 
Table  49,  in  which,  if  a  marked  eff'ect  of  pressure  on  polarization  had 
been  present,  it  would  have  been  detected.  It  will  be  remembered  that 
I  commenced  with  high  initial  pressures  (|io=oO  to  200  atm.)  tp  obviate 
Incidental  disturbances. 

116.  Insulators, — The  effect  of  pressure  on  the  oil  in  the  piezometer 
was  specially  investigated  in  each  case.    Of.  Tables  50  to  55,  §  122. 

118.  Shifting  isothermal  plunes, — A  source  of  error  is  introduced  by 
the  temporary  shifting  of  the  isothermal  planes  of  the  piezometer, 
during  compression,  in  virtue  of  the  compressibility  of  the  oil  contained 
in  the  tube.  Adiabatic  thermal  changes  during  compression  or  removal 
of  pressure  would  produce  effects  of  a  sign  opposite  to  those  of  tlie 
tables. 

To  remove  both  of  these  it  was  often  my  habit  to  wait  3  to  6  minutes, 

>  Warburg  and  Tegctmeier:  Wied.  Ann.,  vol.  35,  1888,  p.  455;  voLil,  1890,  p.  18. 
"Warburg:  Wied.  Ann.,  toI.  21, 1884,  p.  622;  vol.  36, 1888,  p.  i5». 
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supposing  the  original  thermal  Rtate  was  then  nearly  enongh  regained. 
Longer  waiting  was  not  safe  because  of  fluctuations  of  the  astatic  sys< 
torn  of  the  galvanometer. 

Special  tests  were  made  as  follows :    In  Fig.  23  let  P  Q  be  the  piezome- 
ter dosed  at  Q,  and  receiving  pressure  in  the  direction  of  the  an'ow. 
Let  A  B  be  the  position  of  the  glass  resistance  tube.    Finally,  let  the 
lioUow  cylindrical  vapor  bath  surrounding  the  piezometer  stretch  re- 
spectively from  btod^ov  from  a  to  c,  or  from  cto  e.    Parts  lying  within 
the  vapor  bath  have  constant  temperature,  which  falls  off  rapidly 
from  both  ends  of  the  bath  towards  the  ends  of  the  piezometer.    When 
pressure  is  applied  the  vertical  isothermal  planes  of  the  compressible 
oil  are  all  moved  from  P  to  Q.    With  the  vapor  bath  in  the  position 
b  d,  pressure  would  thus  cool  the  end  A  and  heat  the  end  B  of  the  glass 
tube  AB;  but  the  cooling  would  exceed  the  heating.    Hence  an  error 
of  the  sign  of  the  data,  Table  I,  etc.    Now  let  the  vapor  bath  be 
shifted  to  the  position  a  c  and  the  thermal  state  be  steady.    The  Bhalf 
of  the  tube  A  B  is  now  exposed  to  cold,  and  compression  can  only  have 
the  effect  of  heating  these  parts,  seeing  that  the  A-half  is  protected. 
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nence  an  error  of  a  sign  opposite  to  the  data  of  Table  48,  etc.  Finally, 
kvhen  the  bath  has  the  position  ecy  the  error  first  considered  would  be 
ucentuated. 

I  made  experiments  in  accordance  with  this  scheme  at  310o,  but 
irmnd  that  this  severe  test  did  not  change  the  character  of  the  results 
f  Table  48.  Data  are  superfluous.  Again,  decreasing  the  length  of 
lie  tube  A  B  had  no  appreciable  effect.  Similar  tests  were  maflg  with 
eference  to  Table  49. 

117.  EleetroinoUve  force. — It  is  clear  at  the  outset,  since  pressure  in- 
L'eases  both  the  resistance  of  glass  and  the  electromotive  force  NaHg/ 
lass/Hg,  that  changes  of  the  latter  will  act  in  a  way  t-ending  to  wipe 
it  the  change  of  resistance.  Let  ^,  I,  E  denote  the  electromotive  force, 
in*t*nt,  and  resistance  of  the  uncompressed  circuit.  Let  I^  be  the  cur- 
nt  corresponding  to  pressure  _p,  and  Ic^  and  Ar,  be,  respectively,  the 
•ossure-coeflBcients  of  resistance  and  electromotive  force.    Then 

K^{l{l  +  lc;p)^l,)/p.l, (1) 

iblo  49  gives  fc,«10  10'',  say,  whence  the  values  of  Table  58  result 
>iii  Table  48,  series  iii  (cf.  §  1)5).  In  the  final  column  Tc\  =  aH/E .  dp^ 
e  former  coefficient. 
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Table  58,-— Allowance  far  increments  of  eleetromotive  force. 
[a— 2150.] 


p 

lO'p.fe 

I(l+J)fc) 

I, 

10«X*R 

lO'Xt'R 

157 

623 

5.2 

2118 

10-47 

168 

005 

90 

21-28 

1811 

17a 

104 

1411 

141 

21-37 

17-27 

168 

166 

612 

51 

2118 

10-30 

180 

160 

1016 

10-2 

21-28 

1807 

172 

163 

1403 

14-0 

21-37 

17-28 

ICO 

156 

Thus  the  data  underlying  §§  106, 107, 108  are  accentuated.  At  310^ 
a  permanent  pressure-coefficient  fc.  could  not  be  detected,  and  at  10»»^ 
it  is  certainly  very  much  in  error  (§  118).  Since  therefore  k,  is  never 
fully  vouched  for,  I  have  omitted  it  in  the  computation  of  A-r  altogether. 

118,  Short  circuiting. — In  case  of  an  uncompressed  circuit  shunt4Ml  by 
unavoidable  leaks,  let  Hi,  R25  R3  be  the  resistances  of  the  cell,  the  shunt, 
and  the  metallic  circuit  respectively.  Similarly  let  t'l,  i2j  t-a  be  the  three 
partial  currents  corresponding  respectively  to  Ei,  B-i,-R3.  Let  dEi/Ki 
be  the  effect  of  pressure  on  the  resistance  of  the  cell  (resistance  tobe), 
and  dc/e  be  the  simultaneous  increment  of  electromotive  force.  Finally, 
in  case  of  the  compressed  circuit,  let  accentuated  symbols  replace  the 
symbols  for  the  uncompressed  cell.  Then  a  somewhat  tedious  reduction 
leads  to 

j3(l+'<y<?/e)-^V  (i+l^/Ri)(l+R3/Ri)-l 

13'  "    1VKi-(w-1)Kd/Ki     '     • 

.(n-l)R3/K0     i3-tV 


R,/Ri 


C^) 


^^/^-  i3  — (i+lV/iio  (i+R3/Ri)-l 


«3 


(3) 


where  61Eii/B,i=n6K2/ll2,  and  (JRa/Rz  is  the  pressure  coefficient  of  the 
oil  through  which  the  leakage  obviously  takes  place.  Regarding  SUi  K| 
in  (2),  if  the  resistjince,  R3,  of  the  metallic  circuit  is  relatively  small,  or 
if  Ri  be  reasonably  small  relative  to  the  leak  Ra,  the  considerations  of 
§  ill  at  once  apply.  Tlie  case  of  6e/e,  however,  is  serious.  Supposing, 
again,  that  R3/R1  and  R1/R2  are  small,  the  last  equation  reverts  to 

-(y6/e=(t3-t3'{l  +  <yRl/Ri))/t3, 

and  thus  the  changes  of  resistance  due  to  pressure  are  interpreted  as 
changes  of  electromotive  force.  Zero  or  even  electroraetric  methods 
will  only  measure  the  difference  of  potential  of  two  p<Mnts  of  the  leak- 
shunted  circuit.  Hence  the  permanent  pressure  coefficients  {6ele)  of 
Table  49  can  not  but  be  regarded  with  suspicion,  and  they  are  mei*ely 
an  essential  justification  of  Table  48  et  seq. 

119.  A  final  difficulty  in  case  of  short  circuiting  is  not  to  be  lost  sight 
of.  A  leak  usaally  includes  an  electrolyte  between  two  different 
metals,  and  thus  introduces  an  electromotive  force  in  a  way  quite  be- 
yond computation. 

120.  Electromotive  force  and  pressure. — The  consideration  of  the  data 
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of  Table  49  would  now  be  in  order;  but  for  the  reasons  just  stated  I 
hold  the  work  scarcely  ripe  for  discussion,  and  will  therefore  withhold 
remarks  until  1  can  devise  some  more  nearly  faultless  method  of  meas- 
urement. 

121.  Graphic  representation. — In  order  to  exhibit  the  full  character  of 
the  individual  observations  of  Tables  48  to  55,  I  shall  discuss  a  series 
of  data  which  I  was  first  inclined  to  interpret  as  an  electrical  manifesta- 
tion of  volume  "accommodation"  (§101).    In  Fig. 24,  A,  B,  C,  theob- 
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^00 
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^^ \..Jkt^ — < '  ^  V 


iria.24.— A,  B,  C:  Charts  showing  the  oscillation  of  the  electric  condactivity  of  glass  with  pressure 
at  215°,  310O,  and  again  at  215^  respectively.  Experiments  made  consecutively.  D,  B:  Charts 
showing  the  oscillation  of  the  electric  conductivity  of  very  vicious  hydrocarbon  oil  ("mineral 
luachino  oil")  with  pressure,  at  215<'  and  315°  respectively. 

served  intensities  of  current  in  relative  measure  are  given  as  ordinates. 
They  are  therefore  inversely  proportional  to  the  resisti^nce  of  the  glass. 
The  abscissae  are  times,  supposing  that  the  times  consumed  in  making 
each  triplet  of  observations  are  equal  and  similar.  The  oscillations  are 
due  to  the  fact  that  pressure  is  raised  from  about  150  atmospheres  to 
about  600  atmospheres,  and  then  lowered  to  the  first  value  again,  thus 
giving,  the  three  points  for  each  of  the  triplets  numbered.     r^r^r^^T^ 
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Iq  Fig.  24,  D,  E,  similar  results  are  given  for  thick  mineral  machine 
oil.  In  the  former,  pressure  was  twice  increased  from  about  160  to  980 
atoiospheres  and  back  again ;  and  then  from  about  160  to  540  atmos- 
pheres, thus  obtaining  amplitudes  of  different  values.  In  B  pressure 
oscillated  between  about  150  and  600  atmospheres. 

A,  B,  C,  which  were  obtained  consecutively,  show  a  gradual  decrease 
of  resistance  to  a  limit,  very  obviously  in  A  at  215^,  quite  as  obviously 
in  B  at  310°,  but  not  obviously,  if  at  all,  in  0.  Hence  the  inference  is 
suggested  that  the  continued  exposure  to  strain  alternations  at  310^ 
has  wiped  out  all  viscous  instability  possible  at  215o.  The  volume 
elasticity  of  the  glass,  so  far  as  its  chemical  manifestations  are  con- 
cerned, is  now  constant  The  objections  to  this  interpretation  are 
twofold.  In  the  first  place  the  amplitudes  of  oscillation  are  constant 
throughout,  cset.  par.,  and  do  not  converge  to  a  limit.  Again,  the  results 
for  oil  show  similar  phenomena,  not  very  obviously  in  D,  but  marked 
in  E,  .where  both  the  negative  pressure  coefiicient  and  the  resistance 
decrease  act  together  to  invert  the  figure. 

122.  Electric  instability  of  hydrocarbon  oils. — ^I  have  finally  to  refer  to 
the  results  obtained  with  highly-insulating  liquids.  It  appears  frt>m 
these  that  the  effect  on  resistance  of  an  additional  number  of  molecules 
splitting  up  in  consequence  of  the  removal  of  a  fixed  amount  of  pres- 
sure, decreases  rapidly  with  the  total  number  splitting  up,  where  the 
decrease  is  to  be  taken  in  an  algebraic  sense  and  to  include  a  march 
through  zero.  In  the  case  of  sperm  oil,  gasoline,  petroleum,  thin  and 
thick  hydrocarbon  machine  oil,  the  observed  pressure  coefficients  pass 
from  positive  towards  or  actually  into  negative  values  as  temperature 
increases,  and  at  a  rate  which  for  the  same  oil  between  20^  and  300°  is 
nearly  constant. 

These  rates  {6U/R .  dp .  6d)  are  as  follows: 

Table  59. — Rate  of  thermal  variation  of  pressure  oaeffidenU 


Sperm  oil. 

Gasoline. 

Petroleum. 

Tlnn  mineral 
machine  oil. 

Thick  mineral 
machine  oiL 

-3/106 

— 9/10« 

• 

-6/10» 
-10  10« 

-7/10* 

-4J/10* 

The  figures  therefore  denote  the  change  of  the  pressure  coefficient 
per  degree  centigrade.  In  a  general  way  it  may  be  noted  that  this 
change  is  least  in  sperm  oil,  where  ions  are  present  in  greatest  number. 

Similar  remarks  were  made  in  my  earlier  pai)er',  after  an  examina- 
tion of  mercury  and  solution  of  zinc  sulphate.  Both  coefficients  in  tiiis 
case  were  negative,  and  I  was  not  prepared  for  the  positive  coefficients 
(tfR/R.rfjp)  so  marked  in  the  present  paper.  The  data  as  a  whole, 
therefore,  show  that  it  is  not  permissible  to  pass  from  one  substance 
to  another;  doubtless  because  the  number  of  molecules  which  must 
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Hplit  up  per  unit  of  area  to  discharge  the  field  varies  largely  from  sub- 
stance to  substauce.  Inferences  are  to  be  drawn  from  one  and  the 
same  solvent,  either  electrolytically  dissociated  by  temperature^  or 
modified  by  the  solution  of  some  given  substance^  or  both. 

123.  The  remarks  of  §  122  are  substantiated  by  the  incidental  results 
)f  Table  53,  where  the  number  of  ions  is  increased  by  dissolved  dirt. 
[t  agrees  with  the  negative  pressure  coefficient  found  for  zinc  sulphate 
loc.  cit).  Moreover,  by  keeping  the  thick  machine  oil  at  310o  for  two  or 
Qore  hours,  I  found  that  its  resistance  continually  decreased,  while  the 
iressure  coefficient  passed  from  indistinctly  positive  to  pronounced 
egative  values.  Dissociation  is  here  to  be  inferred. 
I  liave  only  touched  upon  this  question  in  passing;  but  if  it  can  be 
roved  that  the  occurrence  of  negative  pressure  coefficients  is  an  index 
r  solution,  then  metals  may  also  be  regarded  as  holding*ions  in  solu- 
on.  In  general  a  sequence  of  changes  of  state  or  of  molecule  corre- 
)onding  to  gas-liquid,  liquid-solid,  may  be  regarded  as  crowded  into 
e  solid  state,  though  the  external  manifestations  are  here  no  longer 
»vious  at  once. 

124.  Conchmon. — ^The  present  research  has  been  excessively  tedious 
d  elusive.  Moreover  the  final  values  for  the  pressure  coefficient  of 
iss  (Tables  54,  65),  although  consistent,  do  not  show  the  uniformity 
values  which  I  had  hoped  to  reach.  Nevertheless  the  results  are 
irked,  and  unless  there  be  some  occult  behavior  of  polarization,  I  do 
t  believe  that  I  have  been  led  astray  in  my  inferences.  In  so  far  as 
'  results  are  correct,  they  contain  the  first  direct  and  connected  evi- 
ice  of  the  change  of  chemical  equilibrium  with  strain. 
Regarding  the  behavior  of  liquid  insulators  like  the  hydrocarbon 
;,  the  results  found  present  many  points  of  interest,  and  I  have  no 
ibt  that  a  more  systematic  study  of  the  subject  thaw  I  have  been 
[3  to  make  would  throw  much  light  on  the  details  of  the  mechanism 
kvliich  electricity  is  conveyed. 
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LETTER   OF  TRANSMITTAL 


Department  of  the  Interior, 
United  States  Geolocjical  Survey, 

WaHhingimij  IK  C,  February  2, 1892. 
Sir:  I  have  the  honor  to  transmit  herewith  a  manuscript  entitled 
^'Earthquakes  in  California  in  1890  and  1891,"  by  Edward  S.  Uolden, 
and  recommend  ita  publication  as  a  bulletin.  It  is  the  second  of  a  se- 
ries furnished  the  Survey  by  the  Lick  Observatory,  the  first  havin<»: 
been  prepared  by  Prof.  J.  B.  Keeler  and  published  by  the  Survey  as 
bulletin  No.  68. 

Very  respectfully, 

G.  K.  Gilbert, 

Chief  Geologist. 
lion.  J.  W.  Powell, 

I>ire€tor» 


Digitized  by  LjOOQIC 


Digitized  by  LjOOQIC 


EAllTnQUAKES  IN  CALIFORXIA  IN  1890  AND  1801. 

By  Edward  S.  II olden. 


INTRODUCTION.       ' 

The  following  paper  is  a  contiiiuatioii  of  records  of  the  same  kind  by 
Prof.  Keeler  and  myself*  and  it  brings  the  list  up  to  the  end  of  the 
year  1891.  It  records  all  tlie  sliocks  observed  or  felt  on' Mount  Hnm- 
iltou,  and  all  those  rej)orted  to  the  Lick  Observatory  by  letter,  as  well 
as  newspaper  reports  of  such  earthquakes  as  occurred  in  the  state 
during  that  year.  No  systematic  examination  of  the  newspapers  has 
been  made,  however,  and  reports  may  have  escaped  notice. 

INSTBUMENTS. 

The  instruments  used  for  recording  earthquakes  on  Mount  Hamilton 
are  described  in  Publications  of  the  Lick  Observatory,  vol.  i,  ]>.  82. 
The  largest  and  most  complete  instrument  records  the  north  and  south, 
east  and  west,  and  vertical  components  of  the  earth's  motion,  sepa 
rately,  on  a  smoked  glass  plate,  which  is  started  by  the  preliminary 
tremors  of  the  earthquake  and  rotates  uniformly  in  about  three  minutes, 
the  edge  of  the  plate  being  graduated  into  seconds  at  the  same  time 
by  the  clock,  which  also  serves  to  record  the  time  of  occurrence  of  the 
shock.  This  instrument  has  been  called  the  Ewing  seismograph  in  the 
notes.  Another  simpler  form  consists  of  the  heavy  "duplex"  pendnluin 
adjusted  to  a  long  period  of  vibration,  with  a  magnifying  pointer  or  pen, 
which  records  on  a  smoked  gHss  plate  both  horizontal  components  of 
the  motion.  The  vertical  component  and  the  time  are  not  recorded. 
The  motion  of  the  earth  is  magnified  4.0  times  in  the  duplex  seismom- 
eters. 

The  observatory  possesses  other  seismographs  of  various  patterns, 
but  they  are  not  constantly  in  use. 

iLiat  of  recorded  earthquakoH  in  California,  Lower  California,  Oregon,  and  Waahingion  Terrltorjf 
(from  1709  to  1888.)    Sacramento:  State  Printiug  Office. 
Earthquakes  in  California  in  1838.    American  Jonmal  of  Scit^nre,  vol.  37,  May,  1889. 
Barthqnakea  in  California  in  1889.    Bulletin  U.  S.  Geological  Survey  No.  C8,  1800. 
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SCALE  OF  MEASUREMENTS. 

In  the  record  made  by  the  Ewing  seisipograph  both  horizontal  com- 
ponents are  magnified  3*3  times,  and  the  vertical  component  is  maj^ni 
fled  1-6  times.  The  measures  of  the  vibrations  as  given  in  the  noteA 
are  taken  directly  from  the  tracings,  and  therefore  represent  the  mag- 
nified motion. 

If  both  the  period  T,  and  the  amplitude  a  of  an  earthquake  wave  are 
given,  the  maximum  acceleration  due  to  the  impulse,  which  may  1k^ 
taken  as  a  measure  of  the  intensity  or  destructive  effect  of  the  shock,  is 
given  by  the  formula — 

1=.' 


4R«a 


T» 
in  which  the  motion  isassunicd  tt)  be  harmonic. 

DIFFERENCES  OF  INTENSITY. 

Estimatesof  the  intensity  of  shocks  are  also  given  (in  Boman  numerals 
inclosed  in  parentheses)  according  to  the  Rossi-Forel  scale,  which  for 
convenience  of  reference  is  inserted  below.  Experience  has  suggest€<l 
that  for  observations  in  California  a  few  additions  should  be  made 
to  this  scale,  and  these  are  printed  here  in  italios.  When  these  are  in 
quotation  marks  also,  they  are  expressions  actually  used  in  the  news- 
papers, etc.,  in  describing  earthquake  shocks,  whose  intensity  is  other- 
wise known.  The  scale,  as  amended,  is  as  accurate  as  anything  of  the 
kind  can  be. 

I. 

Microseismic  shocks  recorded  by  a  single  seismograph,  or  by  seismo- 
graphs of  the  same  model,  but  not  putting  seismographs  of  different 
patterns  in  motion  j  reported  by  experienced  observers  only. 

IL 

Shock  recorded  by  several  seismographs  of  different  patterns;  re- 
ported by  a  small  number  of  persons  who  are  at  rest.    "  A  very  light 

ni. 

Shock  reported  by  a  number  of  persons  at  rest;  duration  or  direction 
noted.    "J.  shock;  "  "  a  light  shocTc.^^ 

IV. 

Shock  reported  by  persons  in  motion ;  shaking  of  movable  objects, 
doors,  and  windows;  cracking  of  ceilings.  '^ Moderate; ^  '^sinyHg;^ 
^^  sharp;  ^^  (sometimes)  ^^  light J^ 
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V. 


11 


Shock  felt  generally  by  everyone ;  ftirniture  shaken ;  some  bells  rung. 
Some  clocks  stopped;  sopuf  sleepers  waJced;  ^^sniart;^  ^^  strong;  ^  '^  heavy ;^ 
*^  severe;^  ^^sharp;^  ^^ piite violent J^ 

General  awakening  oi'  sleepers;  general  ringing  of  bells;  swinging 
of  chandeliers;  8toppm;j:  of  clocks;  visible  swaying  of  trees;  some 
I)erson8  run  out  of  buildings.  Window  glass  broken;  ^^  severe;  ^^  -^^very 
severe;^  '^violent^^ 

vn. 

Overturning  of  loose  objects;  fall  of  plaster;  striking  of  church 
l>ells ;  general  fright,  wit  hout  damage  to  buildings.  Nausea  felt;  "  vio- 
lent; ^  "  very  violent.^ 

VIIL 

Fall  of  chimneys;  cra<'ks  in  the  walls  of  buildings. 

IX. 

Partial  or  total  destruction  of  some  buildings. 


Great  disasters;  overturning  of  rocks;  fissures  in  the  surface  of  the 
earth;  mouutain  slides. 

The  relation  between  the  intensity  (I)  of  a  shock  as  determined  by 
the  formuln  already  givon^  and  tjie  numbers  of  the  Kossi-Forel  scale, 
has  been  reduced  from  all  available  data  up  to  1888,  and  is  given  below 
in  tabular  Ibrm.    It  is,  of  course,  a  rough  approximation  only. 


BoMl-lTorel 
sca'.e. 

Ijitexwity. 

Difference. 

I 

n 

ni 

IV 

V 

VI 

Vll 

vm 

IX 

mm.  per  tee. 
20 
40 
60 
80 

no 
ir.0 

30<) 

500 

1,20  J 

20 
20 
20 
30 
40 
150 
200 
700 

One  of  the  objects  of  Ihe  earthquake  observations  on  Mount  Hamil- 
ton is  to  obtain  data  for  correcting  this  table,  so  that  the  intensity  of  a 

shock,  as  defined  matheniatically  by  the  formula  1=-^  (where  Fis  the 

inaxiinum  velocity  of  the.  vibrating  particle),  can  be  inferred  &om  the 
ordinary  descriptions  of  ita  affect  J. 
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STATIONS, 

A  number  of  duplex-pendalnm  seismograpbs,  qnite  similar  to  the  (m 
nsed  at  the  Lick  Observatory,  are  placed  at  difiereDt  i>oiuts  od  the 
Pacific  coast,  but  they  are  not  all  in  operation.    The  stations  are: 

Student's  Observatory,  Berkeley,  in  charge  of  Prof.  Soul^. 

Ohabot  Observatory,  Oakland,  in  charge  of  Mr.  Burckhalter. 

Private  observatory  of  Mr.  Blinn,  in  Bast  Oakland. 

Observatory  of  the  University  of  the  Pacific,  San  Jose. 

Observatory  of  Mills  College,  near  San  Francisco,  in  charge  of  Pn»£ 
Keep. 

OflSce  of  State  Weather  Bureau,  Carson,  l^ev.,  in  charge  of  Prof. 
Friend. 

The  reports  of  the  United  States  Light-House  Board  and  of  the  Unit^i 
States  Signal  Office  (United  States  Weather  Bureau)  for  1890  and  mi 
record  a  number  of  shocks  not  mentioned  in  the  foUowing  list,  surd 
they  should  be  consulted  in  this  connection.  ' 

Prof.  Keeler  was  in  charge  of  the  earthquake  instruments  of  the 
Lick  Observatory  during  1890  and  1891.  Most  of  the  following  static- 
ti(,*8  were,  however,  collected  by  myself.  Dr.  Henry  Crew  has  kindly 
X)ut  them  in  chrono^pgical  order,  as  follows : 

CHRONOLOGICAL  RECORD,  1890. 

JanuarylS.— Mount  Hamilton,  5:05:  ±lm.  a.  m.  (Prof,  noldeii).— 
Intensity  =V —  Rossi-Forel  scale.  Mr.  Keeler  was  partly  awake  at 
the  time,  and  counted  one  minute  from  the  beginning  of  sluK-k,  jiimI 
noted  time  by  watch,  P.  S.  T.*=  5:05 :3i  10s.  a.  m.  Intensity  =  IV. 
Rossi-Forel  scale.    Time  by  earthquake  clock  =5:02  a.  m. 

The  record  of  the  duplex  seismograph  shows  the  actual  disphw-f- 
ment  of  the  pendulum  bob  to  have  been  2*6  mm.,  in  a  direction 
almost  exactly  northwest  and  southeast.  The  record  consists  r»f  a 
single  nearly  straight  line. 

San  Jose. — Two  shocks  felt  about  5  o'clock  a.  m.,  sufficiently  heavy 
to  awaken  sleepers;  from  north  to  south. 

January  18. — Napa. — Two  slight  shocks.  Vibrations  from  uortb 
to  south. 

Santa  Barbae  a,  3:30  p.  m. — ReportcHi  in  the  Chronicle  as  "quite 
a  heavy  shock." 

January  23.— Chabot  Observatory,  4:18±1  m.  a.  m.— Time  ob^ 
served  by  George  B.  Fox.  The  seismographic  record  a^'comimnjing 
the  report  indicates  the  total  actual  disi)hicement  of  the  i)endulum  to 
have  been  2-8  mm.,  in  a  direction  from  "north  by  east''  to  "south 
by  west."  The  tracing  is  made  up  of  five  amull  waves  (small  with  ref- 
erence to  the  total  length  of  the  tracing),  which  look  as  if  they  might 

» p.  S.  T.  =  Pacific  slope  time. 
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have  resulted  from  a  simple  harmonic  motion  having  displacements  in 
an  east  and  west  direction. 

January  24. — Santa  Ana. — ^The  San  Jose  Mercory  reports  this  as 
follows: 

"Santa  Ana,  January  24. — ^A  very  distinct  earthquake  shock,  last- 
ing 4  seconds,  was  felt  this  afternoon  at  1 :15,  and  at  4:30  o'clock  there 
was  a  larger  and  more  pronounced  shock,  lasting  ten  seconds.  The  di- 
rection was  northeast  and  southwest." 

February  5. — San  DiEaO;  10:15  p.  m. — "Distinct  shock;  vibra- 
tions from  east  to  west." 

Santa  Ana,  10 :  14  p.  m.— "  Shock  lasted  eight  seconds.  Vibrations 
from  northeast  to  southwest*" 

San  Beenaedino. — "Three  distinct  shocks,  preceded  by  a  low 
rumbling  noise.    The  shock  ( 1)  lasted  for  four  or  five  seconds." 

The  above  three  reports  are  all  from  newspapers.  • 

February  9.— San  Beenaedino.— Following  is  the  report  pub- 
lished iu  the  Times-Index  of  San  Bernardino  of  February  10: 

"  Quite  a  heavy  shock  of  earthquake  visited  this  section  yesterday 
morning  at  6  minutes  past  4  o'clock.  The  vibrations  were  north  and 
south,  and  the  shock  caused  a  great  many  persons  to  arise  much  earlier 
yesterday  morning  than  heretofore."  . 

Under  this  date  the  Examiner,  of  San  Francisco,  reports  the  follow- 
ing: 

"San  Pedeo,  February  9.— Three  mild  but  distinct  shocks  of  earth- 
quake were  felt  at  San  Pedro  at  4:07  o'clock  this  morning.  The  vibra- 
tions lasted  for  several  seconds  and  were  from  east  to  west. 

"CoLTON,  February  9. — ^A  heavy  shock  of  an  earthquake  was  felt  in 
Colton  at  4  o'clock  this  morning. 

"Pomona,  February  9. — ^At  4  o'clock  this  morning  three  distinct 
shocks  of  an  earthquake  were  felt  here.  Nearly  every  one  wspS  roused 
from  his  slumbers,  but  little  damage  was  done.  In  the  Progress  office 
type  was  <pied,'  and  some  panes  of  glass  were  broken  about  the  city. 

"San  Diego,  February  9. — Another  shock  of  an  earthquake  was  felt 
in  this  city  at  4  o'clock  this  morning.  It  lasted  about  a  minute,  and 
was  accompanied  by  rumbling  noises." 

February  13.— Tehachapi,  2:10  a.  m.— The  following  is  from  the 
San  Bernardino  Times-Index: 

"Tehachapi,  February  13.— Three  light  but  distinct  shocks  of  earth- 
quake were  felt  here  about  2 :  10  this  morning.  They  occurred  at  inter- 
vals of  about  twenty  minutes.  The  second  shock  lasted  several 
seconds.'' 

February  15. — Los  Angeles,  about  4  a.  m. — ^Eeported  as  follows 
in  the  Los  Angeles  Herald  of  February  16:  "Eesldents  in  this  city  and 
dwellers  in  its  suburbs  generally  were  very  rudely  awakened  from  their 
slumbers  yesterday  morning  at  about  4  o'clock.  A  long,  low  rumbling 
noise  as  of  distant  thunder  along  the  crests  of  the  mountains  was  heard 
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by  people  who  were  awake  at  that  hour,  and  tlii«  was  soon  followed  by 
a  very  decided  shock  of  earthquake.  Houses  shook,  windows  rattled, 
pictures  vibrated  on  their  hooks,  and  it  was  only  very  sound  sleepers 
who  were  not  roused  to  fall  consciousness  that  the  giant  tread  of  the 
shaker  was  abroad.  The  oscillations  weie  of  a,  long,  steady  character 
rather  than  of  the  short,  jerky  order  ofUm.  Mt  in  eurthqnake  move- 
ments. The  vibrations  were  nearly  from  nortJieast  to  southwest,  and 
were  separated  into  three  distinct  divisions..  T)ie  first  was  the  heaviest, 
followed  by  another  lighter  one  at  a  short  interval,  and  tlien,  after  a 
pause,  a  third  little  kick,  less  pronounced  than  the  othei-s.  This  is  the 
second  shock  in  this  section  within  a  year.  In  old  days  it  was  noteil 
for  its  frequent  seismic  manifestations,  bnt  foi-  forty  years  they  have 
not  been  pronounced.    Their  center  is  near  the  San  Ja<unto  peak." 

GiLEOY,  midnight. — A  light  shock. 

April  11. — Ukiah,  11:30  a.  m.  (t)— Vihrations  from  southeast  to 
northwest. 

April  15. — ^MouNT  Hamilton,  2:00  a.  m. — I^o  I'eoord  but  the  tracing 
of  the  duplex  seismograph,  which  is  an  almosi']>erfe<ttly  straight  line 
running  northwest  and  southeast.  The  t^>tal  actual  displacement  of 
the  pendulum  bob  is  1-9  mm. 

April  24.-— Mount  Hamilton,  3:36  a.  m.— The  duplex  seismo- 
graph gives  an  exceedingly  complicated  traciojf^,  in  the  general  direc- 
tion northwest  and  southeast.  The  maximum  possible  displacement  of 
the  pendulum  bob  was  4*0  mm.  in  the  directitm  indicated  above. 

At  right  angles  to  this  the  maximum  dJ.spl;xc*ement  was  1-4  mm. 
The  tracing  is  folded  on  itself  from  nine  to  eleven  times. 

Mills  College,  about  3:39  a.  ra. — ^The  triudng  from  the  duplex 
seismograph  indicates  motion  in  every  pos8i'.)le  azimuth.  There  is  no 
marked  tendency  in  any  one  direction.  The  max  imuni  excursion  of  the 
pendulum  bob  isll'l  mm.  running  from  north  nodlieast  to  south-south- 
west. By  maximum  excursion  is  .here  meant  the  msiximum  diameter 
of  the  diagram. 

The  tracing  is  such  as  might  have  been  produced  by  "resonance,'' ' 
the  amplitude  increasing  as  the  earthquake  pioo^cded. 

Berkeley,  3:38  a.  m.  (Prof.  SouM). — The  tcacinjgtVom  duplex  seis- 
mograph gives  maximum  displacement  (6*4  mm.)  in  a  direction  north- 
east and  southwest. 

There  is  quite  a  well-marked  displacement  of  4*3  m?n.  in  an  azimuth 
which  may  be  defined  as  "  west-northwest ''  to  •^erw^.t-^toutheast.''  The 
tracing  recrosses  itself  from  fifteeu  to  twenty  timers.  The  disturbance 
at  Berkeley  seems  to  have  been  considerably  SMallor  than  at  Mills  Col- 
lege. 

Chabot  Observa'toby,  3:37:44  a,  m.— Duiation  six  seconds;  pre- 
ceded by  a  rumble  lasting  ten  to  fifteen  secon/ls.  General  character 
and  size  of  tracing  from  duplex  seismograph  a'r>out  tiie  same  as  that 
observed  at  Berkeley.  Maximum  double  amplitude  of  pendulum  bob 
nearly  east  and  west,  amounting  to  5*7  mm.    (Mr.  Burekhalter). 
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East  Oakland,  3:37 :  40  a.  m.— Mr.  F.  G.  Bliuu  reports  the  duratiou 
at  teii  seconds  aud  the  iuteusity  as  IV  (R  F), 

The  seismograph  tracing  is  exceedingly  complicated,  recrossing 
itself  probably  fifty  times.  The  maximum  displacement  is  east  and 
west. 

San  Feancisco. — ^Following  is  the  report  of  Prof.  Davidson,  as  given 
by  the  Examiner :  "(1)  First  shock  light,  but  awakened  observer  3 :  36 :  18 
P.  S.  T.  •Direction,  east  and  west.  (2)  Continuous  shock  3:37:03  to 
3:37:23;  first  part  slight;  lest  ^ shock  like  a  terrier-dog  worrying  a 
rat.'  Trace  east  and  west  and  north  and  south,  giving  resultant  north- 
cast  and  southwest  or  northwest  and  southeast,  according  to  circum- 
stances. Shock  rang  doorbell  in  Davidsan's  room.  Stopped  clock  in 
room  30,  Appraisers'  Building,  liecorded  by  Frank  Edmonds  as  north- 
west and  southeast.'' 

The  following  from  the  Evening  Bulletin  gives  observations  in  other 
parts  of  the  state:  ^ 

"  Salinas,  April  24. — The  heaviest  temblor  ever  known  here  oc- 
curred at  3:40  this  morning.  Two  light  shocks  were  followed  by  a 
third  and  heavier,  which  lasted  about  twelve  seconds.  These  were 
followed  by  four  or  five  more,  one  of  which  was  sharp  and  abrupt. 
The  vibration  was  from  east  to  west.  Clocks  were  stopped,  but  no 
damage  was  done. 

"  Bknicia,  April  24. — The  people  were  awakened  from  slumber  this 
morning  at  3 :45  by  a  very  distinct  shock  of  earthquake.  The  vibrations 
lasted  some  seconds  and  seemed  to  be  from  east  to  west. 

"  Los  Gatos,  April  24. — ^Two  distinct  and  severe  earthquake  shocks 
were  felt  this  morning  about  3 :40,  the  last  shock  being  much  heavier 
that  the  first  and  of  longer  duration.  The  vibrations  were  from  east 
to  west.  No  damage  was  done,  but  many  persons  were  considerably 
frightened  and  a  few  clocks  were  stopped.  A  slight  shock  was  also  felt 
about  5 :30,  but  it  was  scarcely  noticeable. 

"  Brentwood,  April  24. — A  slight  shock  of  an  earthquake  at  3:30 
this  morning. 

"GiLBOY,  April  24. — ^The  damage  by  the  earthquake  this  morning 
was  not  great.  The  gas  mains  were  disjointed  and  the  lights  extin- 
guished. 

"San  Josb,  April  24. — The  shock  of  earthquake  this  morning  was 
very  sharp,  but  no  damage  is  reported.  Many  people  were  frightened 
out  of  their  beds. 

"HoLLiSTEB,  April  24. — Temblors  began  here  at  3:32  a.  m.,  lasting 
until  5:30  a.  m.  Thirteen  distinct  shocks  were  felt,  and  during  the  en- 
tire two  hours  a  continuous  vacillating  motion  was  observable.  The 
shocks  were  not  sharp,  but  long  continued  and  heavy  rolling,  the  worst 
that  have  ever  been  experienced  here.  Only  nominal  damage  was  done. 
A  private  dispatch  states  that  the  McMahan  House  was  twisted  so 
badly  that  cracks  were  opened  in  it  sufficiently  large  to  admit  a  man's 
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"Ebdwood  City,  April  24. — ^Three  shocks  of  earthquake  occurrtid 
this  morniDg,  ending  with  a  severe  jar,  which  threw  crockery  and  other 
articles  from  the  shelves  of  several  residences.  Clocks  were  stopinnl 
at  3 :37,  the  hour  of  the  occurrence.  The  vibrations  were  east  and  wejit 
and  the  duration  twenty  seconds.  The  residents  assert  these  were  the 
severest  shocks  since  1868. 

"  Point  Eeyes,  April  24. — A  sharp  shock  of  earthquake  occurred 
here  very  early  this  morning. 

"  Cbnteeville,  April  24. — A  heavy  earthquake  shock  was  felt  here 
at  3 :40  this  morning.  It  was  preceded  by  two  light  shocks.  Many 
were  frightened,  but  no  damage  has  been  reported. 

"  Watsonvtllb,  April  24. — ^There  were  twelve  distinct  shocks  of 
earthquake  felt  here  after  3:30  this  moniing,  the  first  and  second  being 
the  most  severe.  The  vibrations  were  from  west  to  east.  In  the  coun- 
try north  of  town  nearly  all  the  chimneys  were  thrown  down.  The 
railway  bridge  across  the  Pajaro  wq|^misplaeed  and  the  train  delayed. 

"  Napa,  April  24. — At  3:40  o'clock  this  morning  a  heavy  shock  of 
earthquake  was  experienced  here.    The  vibrations  were  north  and  south. 

"  Santa  Cruz,  April  24. — There  was  a  heavy  earthquake  shock  this 
morning  at  3:48,  but  very  little  damage. 

"Mayfield,  Cal.,  April  24. — A' slight  shock  of  earthquake  was  felt 
here  and  in  neighboring  towns  this  morning.  The  vibrations  were  from 
northeast  to  southwest,  and  lasted  eight  seconds.  There  was  a  heav}' 
atmosphere,  with  no  wind.  The  tops  of  trees  rocked,  making  a  noise 
like  a  heavy  wind  blowing.  Plastering  was  broken  and  the  depot  clmk 
and  others  stopped  at  3 :37  o'clock.  The  temperature  was  48°,  Super- 
intendent Bassett  and  Assistant  Superintendent  Haydock  went  south  by 
a  special  train  to  look  after  the  damage  done  to  the  track  by  the  shake 
between  Pajaro  and  Sargents.  It  is  reporied  that  the  track  was  moved 
a  toot  out  of  line,  and  that  the  ground  settled  six  inches  in  places.  Tlie 
bridge,  fifty  feet  high,  is  impassable  at  both  ends,  the  rails  bmng  pulled 
a  foot  apart.  A  large  force  of  m^n  is  at  work,  and  they  exx>ect  to  have 
the  track  so  that  trains  can  pass  in  a  few  hours.  At  Sargents  and 
Gilroy  there  were  more  than  a  dozen  shakes,  and  chimneys  were 
knocked  down.'' 

Oaeson  City,  Nevada. — 'No  time  reported.  The  duplex  seismo- 
graph indicates  a  disturbance  about  one-quarter  as  large  as  that  at 
Berkeley.    (C.  W.  Friend.) 

San  Jose,  3:37:43  a.  m. — ^Seismograi)h  at  the  Tlniversitjy  of  the 
Pacific  furnishes  a  diagram  having  a  maximum  double  amplitude  of 
16-2  mm ;  from  the  manner  in  which  the  index  has  run  all  over  the  glass 
one  would  think  the  equilibrium  of  the  pendulum  too  nearly  neutral. 

May  11.— East  Oakland,  1:00:15  p.  m.  (Mr.  Ireland);  1:00:18 p. 
m.  (Mr.  Boise). — Mr.  Blinn's  seismograph  makes  the  disturbance  almost 
entirely  in  an  east  and  west  direction ;  its  amount  (maximum  double 
amplitude)  was  I'O  mm.  The  diagram  which  Prof.  Keep  sends  from  Mills 
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College  indicates  a  slightly  smaller  disturbance  in  a  direction  south-  • 
west  and  northeast. 

San  Fbanoisoo,  1:00:15  p.  m.  (Mr.  William  Ireland).— Intensity^ 
IV,  Bossi-Forel  scale. 

Following  is  a  newspaper  account  of  the  shock  as  felt  at  San  Lean- 
clro  May  11:  "A  very  heavy  shock  of  earthquake  was  felt  at  this  place 
at  1:03  o'clock  this  afternoon.  The  oscillations  were  north  and  south 
and  the  duration  5  or  6  seconds.  No  damage  reported,  although  many 
of  the  older  houses  in  town  were  loosened  up  considerably,  notably  the 
depot  of  the  Southern  Pacific  Company." 

Ibiy  14. — Santa  Cruz — ^The  following  general  account  is  taken 
from  the  newspaper  of  even  date: 

''Santa  Cruz,  May  14. — Ever  since  the  big  earthquake  of  the  24th 
of  April  there  have  been  daily  seismic  disturbances  along  the  line 
between  P^aix>  and  San  Juan,  where  the  earthquake  was  heaviest. 
Bach  day  three  or  four  small  shocks  occur,  and  yesterday  six  quite 
)>ronounced  ones  were  felt.  Two  were  felt  at  5  o'clock  this  morning  in 
this  city.  The  fissure  made  on  the  Chittenden  ranch,  above  Pajaro, 
during  the  big  earthquake  has  been  gradually  increasing  in  depth  and 
width.  The  railroad  company  is  k<eeping  a  force  of  carpenters  in  the 
vicinity  of  the  bridges  between  Pajaro  and  Gilroy  for  fear  of  damage 
by  the  shocks  if  they  get  heavier.  It  is  said  that  there  will  be  no 
change  of  the  time  card  on  the  coast  division  until  the  earthqutl^ked 
cease,  as  the  company  does  not  want  to  pttt  on  the  Monterey  flyer  foi* 
tear  of  accident." 

June  1.— Healdsbtjbo,  1 :  21  p.  m.— Slight  shock; 

Jane  29.— Santa  Rosa,  7:26  a.  m.  (newspaper).— "Three  distinct 
shocks;  people  awakened;  vibrations  from  north  to  south.'^ 

Jane  30. — Our  information  of  this  earthquake  is  comprised  in  th^ 
following  three  dispatches  found  in  the  newspapers: 

"Petaluma,  June  30. — An  earthquake  shock  passed  through  this 
city  yesterday  morning  about  6  o'clock.  The  vibrations  were  from  east 
to  west." 

"Santa  Eos  a,  June  30. — ^Three  earthquake  shocks  were  felt  here 
about  11  o'clock.    They  were  not  quite  as  severe  as  those  in  the  morning.'' 

"Santa  Ceuz,  June  30.— Earthquake  shocks  in  this  city  at  12:30 
this  afternoon  shook  all  the  houses  in  town.  The  first  shock  was  slight 
and  was  followed  in  a  second  by  a  much  heavier  shake,  ^o  damage 
was  done.  The  vibrations  were  east  and  west.  A  private  telegram 
from  Sargent  station,  near  the  center  of  the  seismic  disturbance  last 
April,  states  that  the  shock  was  quite  severe  there,  breaking  crockery 
in  the  houses." 

Jnly  1.— The  following  account  appears  to  be  from  a  San  Francisco 
newspaper  of  even  date: 

"At  33  minutes  past  midnight  of  Monday  there  was  a  sharp  shock  of 
earthquake  felt  in  this  city,  lasting  ten  seconds.    The  direction  of  the 
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vibrations  was  principally  northwest  and  southeast,  with  a  soocl 
nearly  north  and  south.  It  was  felt  in  nearly  all  portions  of  the  ritr 
and  had  the  effect  of  rousing  many  people  from  their  slumbers,  ihv^ 
fixtures  and  windows  were  set  rattling,  and  in  some  hoiuses  picture 
frames,  loosely  fastened  on  the  walls,  were  thrown  to  the  floors.  It 
was  not  noticeable  by  people  walking  on  the  streets,  and  had  no  di:^ 
tinct  violence  in  the  down-town  hotels." 

GiLROY,  12:35  a.  m.  (newspaper), — "  Sharp  shock  from  north  to  south 
lasting  about  one  minute.'^ 

July  4. — Eureka,  4:30  p.  m.  (newspaper). — "Quite  a  sharp  shock." 

July  24. — ^Bakebsfield,  3  a.  m.  (newspaper). — "Severe  shock.** 

July  26. — The  Examiner  contains  the  following: 

"SissoNS,  July  26. — ^There  were  three  earthquake  shocks  tiiis  morn 
ing  at  1 :45  o'clock.    The  vibrations  were  north  and  south." 

"Hydesville,  July  26. — Several  severe  shocks  of  an  earthquake 
were  felt  at  this  place  at  1 :40  a.  m.  to-day,  lasting  about  twenty  seconds, 
and  another  slight  shock  at  8  o'clock." 

Jnly28.— Petaluma,  12:03:35  a.m.  (newspaper).— Two  slight  shirks 
from  north  to  south. 

Aagnst  17.— Mills  Oolleob,  6:60  a.  m.  (Prof.  Keep).— Sli^bt. 
but  distinct  shock.  The  tracing  of  the  seismograph  shows  three  vibra 
tions  (averaging  0*3  mm.),  in  adii*ectiou  from  one  point  south  of  e^ist  tu 
one  point  north  of  west. 

Aagnst  23. — Mono  Lake. — ^The  following  is  fi'om  the  Homer  Index: 

"Eeraarkable  earthquake  at  Mono. — ^The  southern  end  of  Mono  Lake 
was  considerably  agitated  last  Sunday,  and  dwellers  in  that  .sliaky 
locality  were  much  perturbed.  Steam  was  issuing  from  the  lake  i> 
far  as  could  be  seei),  in  sudden  puffs,  and  the  water  was  boiling  fiereeh. 
like  a  bean  pot,  while  high  waves  rolled  upon  the  beach  and  receding 
left  the  sand  smoking.  In  a  moment  the  air  was  thick  with  blinding: 
hot  sulphurous  vapor,  and  subterraneofus  moans  and  rumblings  made 
the  witness  think  that  the  devil  was  holding  high  carnival  down  below. 
The  fences  wabbled  up  and  down  and  sideways;  the  wood  pile  at  Niir» 
ranch  locked  arms  with  a  big  freight  wagon  and  waltzed  around  tiif 
barnyard  gleefully  to  the  dismal  bellowing  of  the  dismayed  cattle  and 
the  shrill  neighing  of  terrified  horses. 

''  This  appalling  fracaslasted  about  two  minutes.  Then  came  ablesstil 
quiet  for  a  moment,  followed  by  a  sudden  twitch  of  the  earth,  as  a  hor* 
jerks  his  hide  and  dislodges  a  bothersome  fly.  The  shock  threw  roeu 
and  animais  off  their  feet  with  bruising  violence,  but  it  was  the  wimi-up 
of  tlie  entertainment,  which  Mr.  Fay  hopes  will  not  be  soon  repeateii 

"  It  was  some  hours  before  the  lake  ceased  to  emit  columns  of  steam 
and  the  water  became  very  hot.  Two  springs  near  the  house,  lon^ 
noted  for  the  coldness  and  purity  of  their  water,  changed  their  char 
acter  and  spouted  hot  mud  for  two  days,  when  they  flowed  cold  wat<fr 
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agaiD.  A  stack  of  200  tou8  of  Iiay  was  moved  70  feet  south  without 
disarraugiug  it." 

September  3.— Mount  Hamilton,  2:21:20  p.  m.  (accurate  to  one  or 
two  seconds),  P.  S.  T. — Felt  by  Prof.  Holdeu  in  third  story  of  brick 
house  and  estimated  by  him  at  II  on  Rossi-Forel  scale.  Recorded  on 
duplex  seismometer,  but  did  not  start  Ewiug. 

A  slight  shock  was  also  felt  at  San  Francisco  at  2:30  p.  iq.;  like- 
wise at  GiLBOY. 

September  4.— Mount  Hamilton,  10:06:45  a.m.  (E.  C.  Holden).— 
^^ Swung  the  hanging  lamp  in  my  study." — E.  S.  Holden, 

September  5. — ^Merced,  2 :15  p.  m. — Vibration  east  and  west. 

September  19. — The  i-ec^.ord  of  earthquakes  Jinder  this  date  consists 
of  the  following  dispatches  to  San  Franc^isco  papers : 

'^Calico,  September  19. — A  severe  shock  of  earthquake  occurred  at 
12:15  last  night.  There  were  vibrations  east  and  west.  There  was 
another  shock  flfbeen  minutes  later." 

"DAaoETT,  September  19.— Two  earthquakes  were  felt  here  at  12:25 
and  12 :50  this  morning.  The  vibrations  were  east  and  west,  j^o  dam- 
age was  done." 

"San  Bernardino,  September  19. — A  light  earthquake  shock  vis- 
ited this  city  a  little  after  12  o'clock  this  morning." 

«<Babstow,  California,  September  19.— There  was  an  earthquake 
at  12:15  this  morning,  with  a  rumbling  sound.    No  diimage." 

October 3. — HEALDSBUua,12:05p.  m.  (newspaper). — "Sharp shock, 
accompanied  by  long  and  distinct  rumbling.  Vibrations  north  and 
south.'' 

October  29.— Mount  Hamilton.— Two  distinct  shocks. 

First^-8:  36: 29  a.  m.  ±  2s.,  P.  S.  T.    Rossi-Forel,  IV  to  V. 

Second— 8 : 39 :  29  a.  m.  ±  28.,  P.  S.  T.    Rosi-Forel,  III.    (Prof.  Holden.) 

Prof  Barnard  reports  as  follows:  "Coming  to  the  observatory,  half- 
way up  the  plank  walk  heard  two  distinct  and  heavy  jars  in  the  frame 
cottages  as  if  they  were  falling  down.  These  followed  each  other  by 
about  one  or  two  seconds.  Bid  not  feel  any  shock.  The  noiseof  theshak- 
ing  of  theirame  houses  coufd  have  been  heard  perhaps  an  eighth  of 
a  mile.  Reaching  the  observatory,  another  shock  occurred;  did  not 
feel  itf  heard  a  rattling.  This  was  at  8: 39: 35  ±  one  or  two  seconds, 
P.  S.  T.^  I  compared  the  clock  in  the  earthquake  instrument  case  with 
the  Howard  (this  was  for  the  Urst  shock).  Earthquake  clock,  7 :  29: Oj 
Howard  20:42:27." 

December  4. — Lone  Pine,  9  o'clock  p.  m.  Ten  distinct  shocks 
felt  from  9  to  11.  Ko  damage  done.  This  was  the  seat  of  the  great 
earthquake  of  March,  1872,  in  which  many  lives  were  lost. 

"  This  is  the  first  disturbance  at  Lone  Pine  for  eight  or  ten  years."-^0, 
HulhoUand. 
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January  2. — Generally  felt  throughout  the  state. 

Prof.  Holdeu  telegraphed  from  the  Lick  Observatory  as  follows: 

<«LiCK  Obbrvatory  (Mount  Hamilton),  January  2. — ^A  violent  eartJi- 
quake  shock  stopped  our  standard  clock  at  eighteen  seconds  after  noon 
to-day.  •  The  pendulum  swings  about  north  and  south. 

"Several  ceilings  were  cracked  in^the  observatory,  and  large  pieces  of 
plaster  were  thrown  down  in  the  brick  houses.  So  far  as  I  know  no 
damage  was  done  to  the  instruments.  The  earthquake  registers  indi- 
cate by  far  the  severest  shock  since  1868  in  northern  California.  Its 
intensity  was  vii  on  tire  Rossi-Forel  scale.  "The  pen  of  the  duplex 
seismometer  was  thrown  completely  off  the  glass  plate.  Some  definite 
idea  of  the  force  may  be  had  when  I  say  that  a  swinging  lamp,  making 
a  pendulum  of  about  15  inches  in  length,  which  is  suspended  in  my 
study,  was  still  in  vibration  twenty  minutes  after  the  shock. 

"Framed  photographs  on  my  mantel  were  overthrown.  It  appears 
that  serious  damage  would  be  done  to  the  houses  here  by  a  shock  of 
twice  this  intensity,  but  it  looks  as  if  the  observatory  would  stand  con- 
siderably more.  The  large  telescope  has  been  secured  to  its  base  by 
four  holding-down  bolts,  and  it  is  as  safe  as  it  can  be  made.^ 

Prof.  Davidson's  observation  will  be  found  among  others  reported 
below:    . 

"  San  Francisco  was  visited  by  two  distinct  shocks  of  earthquake  at 
noon  yesterday  (Jan.  2).  Both  shocks  were  distinct,  but  of  a  different 
movement,  the  first  being  vibratory,  the  second  proang  of  the  type 
known  to  seismic  observers  as  undulatory. 

"  Prof.  Davidson  states  that  his  chronograph  recorded  the  time  of 
the  shock  to  be  12:00:40,  with  an  entire  duration  of  fifty  seconds.  A 
comparison  of  directions  observed  by  various  persons  indicates  the 
wave  to  have  moved  from  southeast  to  northwest.  In  the  lower  por- 
tion of  the  city,  ft'om  Kearny  street  to  the  water  front,  the  shocks  are 
said  to  have  resembled  the  rumbling  of  ^a  wagon,  while  in  the  more 
elevated  residences  the  vibratory  movement  was  perceptibly -felt. 

*'  Santa  Cruz,  January  2. — There  was  a  heavy  earthquake  here  at 
12 :02  this  afternoon.  The  shock,  which  passed  from  southwest  to  north- 
east, lasted  ten  seconds,  and  was  the  heaviest  felt  here  in  years.  Only 
very  slight  damage  was  done,  but  the  people  were  greatly  frightened. 

<^  Salinas,  January  2. — A  very  severe  shock  of  earthquake  was  felt 
here  at  12  o'clock  noon  to-day.  The  vibrations  were  from  north  to 
south. 

"  El  Verano,  January  2. — A  severe  shock  of  earthquake  was  felt 
here  to-day  at  12 :20  o'clock.  It  moved  from  southeast  to  northwest. 
Houses  wer^  shaken  up, 

<♦  Los  Gatos,  January  2. — A  sharp  shock  of  earthquake  was  pre- 
ceded by  a  rumbling  sound  at  12:01  o'clock  this  afternooQ.  The  darft- 
tion  of  the  shock  was  fifteen  seconds.    No  damage^uzed  by  GoOqIc 
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"GiLEOY,  January  2.— 'One  of  the  heaviest  earthquakes  ever  felt 
liere  occurred  at  12 :01  this  afterixoon.  The  duration  was  less  than  half 
a  iiiiiiute,  but  it  was  accompanied  by  heavy  rumblings  and  a  sickening, 
swaying  sensation.  Gas  fixtures  and  movables  swayed  and  clattered 
coriHiderably. 

"  Stockton,  January  2. — Rather  a  sharp  shock  of  earthquake  was 
felt  here  precisely  at  12  noon.    The  vibrations  were  south  to  north. 

'*  Latheop,  January  2. — There  was  a  severe  shock  of  earthquake  at 
12  o^clock  to-day.  Houses  squeaked,  clocks  stopped,  lamp  chimneys 
were  broken,  etc.  No  further  damage  was  done.  Apparently  the  direc- 
tion of  the  shock  was  from  east  to  west. 

"Modesto,  January  2. — A  sharp  earthquake  shock  was  felt  here  at 
loon  to-day.  The  shock  lasted  fifteen  seconds.  The  vibrations  were 
lorth  and  south. 

"San  Jose,  January  2. — ^At  12  o'clock  a  sharp  earthquake  shock 
vas  folt  here,  the  movement  being  north  and  south,  and  it  lasted  about 
[fteen  seconds.  Clocks  were  stopped  and  buildings  rocked,  but  no 
lainage  was  reported. 

"  PETAiiUMA,  January  2. — This  afternoon,  a  few  nnnutes  past  12,  a 
harp  shock  of  earthquake  passed  through  Petaluma,  with  vibrations 
'om  east  to  west. 

"  San  Leandro,  January  2. — A  sharp  earthquake  shock  w^as  felt 
ere  to-day  at  12 :02.  The  oscillations  were  from  northeast  to  south- 
est.    The  duration  was  about  ten  seconds, 

'*  San  Bafael,  January  2. — A  rather  sharp  earthquake  shock  w^as 
It  here  at  12  noon  to-day,  lasting  several  seconds.  The  vibrations 
L*re  from  east  to  west. 

^*BouL,DEB  Creek,  January  2. — ^A  severe  shock  of  earthquake  was 
It  here  at  12  o'clock,  continuing  for.  several  seconds.  The  vibration 
18  from  southwest  to  northeast.  There  was  a  general  rush  for  the 
-eets,  but  no  damage  was  done. 

'^  Spanishtown,  January  2.^=-A  severe  shock  of  earthquake  occurred 
three  minutes  before  noon  to-day.    The  vibrations  were  from  east 

AVOSt. 

^Mkbced,  January  2. — ^A  slight  shock  of  earthquake  was  felt  here 
12  o^clock  to-day  with  vibrations  from  east  to  west.    The  shake  was 
iv^y  enough  to  cause  the  glassware  on  the  shelves  to  rattle. 
•  ItKD  WOOD  City,  January  2. — Two  sharp  shocks  of  earthquake  were 

here  to-day  at  two  minutes  past  noon.  The  vibrations  were  east 
I  west." — San  Francisco  Examiner. 

AN  Jose,  January  2. — "  Buildings  shaken  so  that  their  motion  was 
inly  visible.  Many  clocks  stopped  at  12:00:30  p.m." — San  Jose 
•aid. 

oismographic  records  obtained  at  Mills  College  by  Prof.  Keep  and 
Oakland  by  Mr.  Blinn  show  the  greatest  disturbance  to  be  in  a  direc- 

ruuning  from  northeast  to  southwest. 
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Mr.  Blinn's  seismometer  gives  a  diagram  iudicating  that  the  maxi- 
mum double  amplitude  of  the  pendulum  was  3-8  inm.  The  diagram  con- 
sists of  many  (not  less  than  25)  intersecting  loops.  So  far  as  one  may 
judge  from  the  tracing,  the  instrument  was  in  good  adjustment. 

Prof.  Keep's  tracing  is  of  the  same  general  character,  but  with  a 
maximum  double  amplitude  of  5-8  mm. 

These  maximum  double  amplitudes  probably  indicate  very  little  in 
a  diagram  of  this  kind,  in  which  the  x>endulum  makes  so  many  vibra 
tions;-  for  one  can  not  tell  to  what  extent  it  is  a  <<  resonance"  phenom 
enon. 

The  Carson  City  seismometer  (0.  W.  Friend)  gives  a  tracing  even 
more  complicated  than  either  of  the  preceding;  it  is  the  smallest  of  the 
three,  but  every  azimuth  is  filled  with  ftne  lines. 

The  glass  plate  of  the  San  Jose  instrument  was  jarred  by  the  earth- 
quake and  the  record  spoiled. 

A  third  shock  of  intensity  III  on  Bossi-Forel  scale  is  reported  by 
Prof.  Holden  as  occurring  at  the  Lick  Observatory  at  8:18:21  p.  m. 

January  12. — Berkeley,  1:36  a.  m. — Prof.  Hilgard  reports  a"li^ht 
earth-tremor  lasting  a  little  less  than  a  second,  but  preceded  by  a 
marked  rumbling  from  the  southwest.  ^ 

January  13. — Mount  Haiviilton,  2:58  p.  m.,  I  to  n  Eossi-Forel 
scale;  observed  by  Mrs.  Breseno. 

February  15. — Downieville. — Quite  a  shock  felt  between  2  and 
3  a.  m. 

Janua:ry  21.— San  Feancisco,  2 :  24 :  35 J  p.  m.— Artificial  earthquake, 
caused  by  the  explosion  of  3,000  pounds  of  blasting  powder,  for  the  pur 
pose  of  clearing  a^y  a  hill  in  San  Francisco, 

But  few  rocks  were  scattered;  the  hill  collapsed  and  the  earth  in  the 
neighborhood  showed  deep  crevices. 

No  distubance  was  observed  on  the  San  Jose  seismograph,  which  was 
watched  by  Prof.  George.  Nor  was  any  record  obtained  at  Mount  Ham- 
ilton, where  it  was  looked  for  with  mercury  basins.* 

February  24. — Independence,  *3: 10  a.  m. — Reported  by  Mr.  0. 
MulhoUand  as  follows:  "A  strong  earthquake  shock.  The  tremor  was 
preceded  an  instant  by  a  rumbling  sound.  The  motion  appeared  to  be 
a  little  east  of  south  to  west  of  north,  i.  e.,  parallel  to  the  Sierra  Nevadii 
Mountains.  The  house  shook  so  that  the  pans  and  dishes  rattled.  A 
strong  breeze  from  the  south  had  been  blowing  all  night,  but  at  the 
time  of  the  tremor  there  was  a  brief  but  complete  lull;  then  the  breeze 
set  in  as  before." 

April  4. — Mount  Hamilton,  4:30  a.  m. — "A  light,  but  prolonged 
shock  from  east  to  west,"  reported  by  Prof.  Holden. 

April  12.— Mount  Hamilton,  9:29  (?)  41. — "A  sudden,  slight  earth- 
quake of  intensity  II,  Eossi-Forel  sca,le,"  reported  by  Prof.  Holden. 

April  13. — HEALDSBUEa. — A  sharp  shock  at  11:40  p.  nu 

'Publications  Astronomical  Society  of  tbe  Paciilo,  vol.  m, 
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ViSALiA. — ^Earthquake  at  10:30  p.  m.  Vibrations  from  north  to 
Bonth. 

May  8. — Berkeley,  6:10  p.  m. — Prof.  Frank  Soule  writes:  ''Very 
slio^ht  in  San  Francisco  and  Oakland,  so  much  so  that  comparatively 
few  people  noticed  it.  The  Ewing  and  (xray-Milne  instruments, 
though  in  excellent  order  and  very  sensitive,  were  not  set  off.  The 
<lui)lex  gave  a  small  record  indicating  that  the  direction  of  the  sliock 
was  from  northwest  to  southeast.  From  individual  accouWs,  I  should 
r.ite  it  as  II  in  the  Rossi-Forel  scale. 

San  Hafael,  6:08  p.  m. — A  heavy  shock  lasting  about  six  seconds. 
The  vibrations  were  from  west  to  east. 

May  19. — Susanvillb. — Seven  shocks  felt;  two  very  heavy;  time 
not  reported. 

May  20. — Mills  College. — Prof.  Keep  writes:  "An  earthquake 
was  felt  here  last  night  about  10  o'clock.  The  shock  was  slight,  but 
was  preceded  by  a  peculiar  sound  w^iich  made  me  brace  myself  for  a 
severe  shock.'' 

The  seismographic  record  accompanying  this  letter  shows  the  greatest 
disturbance  to  have  been  in  a  north  and  south  direction. 

June  22. — ^Pasadena  and  San  Fernando.— Slight  shocks  felt  be- 
tween 8  and  9  o'clock  in  the  eveiung. 

June  28.— San  Francisco,  3 :02 :45  a.  m.— Eeport^d  in  San  Francisco 
Chronicle  as  follows :  "A  double  shock  of  earthquake  occurred  early  yes- 
terday morning.  It  was  not  heavy,  and  was  of  such  brief  duration  that 
not  n>aay  of  the  citizens  who  were  awake  at  the  time  could  have  noted 
it.  F.  W.  Edmonds,  the  assistant  in  Prof.  Davidson's  observatory,  was 
at  work  when  the  shock  came  and  noted  its  features,  afterward  com- 
paring liis  figures  with  those  recorded  by  a  small  seismograph.  The  first 
shock  l)egan  at  3:02:45,  Pacific  standard  time,  and  ended  five  seconds 
later.  The  vibrations  were  east  and  west.  Then  at  3:03:05  there  was 
another  shock,  so  brief  that  the  duration  was  not  recorded.  It  was 
sharper  than  the  first  shake,  but  had  the  same  motion. 

"  Prof.  Davidson  remarked  to  a  Chronicle  reporter  yesterday  that  one 
night  last  week,  while  he  was  making  observations  for  latitude,  there 
was  an  almost  imperceptible  quake.  He  was  reading  the  level  of  the 
instrument  at  the  time  and  noticed  that  it  was  suddenly  shaken,  the 
bubble  moving  backward  and  forward  several  times  in  quick  succession. 
The  extremes  of  this  motion  as  marked  by  the  bubble  were  three  or  four 
millimeters  apart.    The  vibrations  were  north  and  south." 

Mount  Hamilton. — Waked  sleepers,  set  hanging  lamps  in  vibration, 
rattled  windows,  pictures,  stoves,  etc.  Ewing  seismograph  clock  did 
not  start;  components  wei'e  therefore  recorded  as  straight  lines.  The 
actual  displacements  of  the  earth  were  as  follows :  North  and  south  =  0-24 
inches;  east  and  west  =  0-39  inches;  vertical  =  0*15  inches. 

Prof.  Holden  makes  the  time  3 :  02 :  08*  i  20s.    P.  S.  T. 

'  The  first  tlmo  here  given  ia  probably  wrong.     B.  s.  H.  ^-^  ^ 
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Mr.  (Campbell  makes  tlie  time  3:02:36  ±  28.    P.  S.  T. 

Mr.  Scbaeberle  makes  the  time  3:02:35  (watcb).    P.  S.  T. 

luteiisity  on  Rossi-Forel  scale,  V. 

M AYPlBLD.— "A  Blight  sbock  of  eartbquake  was  felt  here  at  3  oVJo^ 
tliis  morning.  It  lasted  four  seconds..  Trembling  yibrations  were  fol 
lowed  by  two  shocks." — Telegram  to  San  Francisco  Chronicle. 

June  29.— Mount  Hamilton,  8:06:31  ±  2  a.  m.  (W.  W.  Campbefl  : 
8:06:32  (J.'M.  Schaeberle). — One  quick  shock  lasting  for  less  than  hali 
a  second;  liossi-Forel  I  or  II.  "Recorded  on  duplex,  bntnot  onEwing 
seismometer.^    No  record  of  measured  displacements. 

July  13. — Monterey,  4:27  p.  m. — A  sharp  shock  with  vibration^ 
from  southwest  to  northeast.  Clocks  were  stopped  and  crocken 
tlirown  from  the  shelves. 

July  17. — HoLLiSTER,  1  a.  m.— Quito  a  severe  shock;  no  damage. 

July  30. — Leedo,  Mex.,  was  the  center  of  a  very  severe  earthquake 
about  6  o'clo(*k  a.  m.  It  ai)peiirs  to  have  caused  a  tidal  wave  of  vun 
siderable  height  at  the  head  of  the  Gulf  of  California.  The  country 
is  so  thinly  and  poorly  settled  that  no  damage  was  done.  The  report> 
of  this  cjvrthquake  are  so  indefinite  and  contradictory  that  we  bavf 
really  very  little  reliable  information  regardilig  what  must  have  l)e<*n 
at  least  a  very  widespread  disturbance.  One  newspajier  report  from 
Yuma,  Arizona,  makes  the  direction  of  the  shock  from  east  to  ve<t. 
Among  other  curious  freaks  a  number  of  salt  springs  are  said  to  haw 
been  made  fresh;  but  judging  from  later  investigations  made  by  a 
Chronicle  reporter  who  visited  the  scene,  no  reliance  is  to  be  plac&i 
on  any  statement  of  this  kind. 

August  9. — ^Montebey,  9:41  a.  m. — ^A  heavy  shock,  causing  bniM- 
ings  to  rock.    The  vibration  was  from  north  to  south. 

September  12,— Cedar  City,  Utah,  8:48  p.  m,  (C.  Mulholland).— 
"  Shock  heavy  and  accompanied  by  a  sound  like  that  of  a  heavily  loadt^l 
wagon  passing  over  a  street  paved  with  granite  blocks.  Its  duratimi 
was  brief,  and  there  was  but  one  shock." 

September  16. — Salem,  Oregon,  8:30  p.  m. — ^The  shock  wasbrirf 
and  distinct,  and  was  followed  by  a  wave-like  motion  lasting  several 
seconds.     It  wa«  felt  in  all  large  buildings;  windows  rattled. 

September  21. — Port  Angeles,  Wash. — ^Reports  differ  as  to  tiun*, 
some  claiming  that  the  shock  occurred  at  4:10  a.  m.,  others  at  5  a.ni. 
It  is  possible  there  were  two  distinct  shocks.  The  direction  of  vil>ra 
tion  was  from  northwest  to  southeast.  Many  people  were  awakeueJ 
from  sleej).    Houses  trembled  and  chinaware  rattled. 

Port  To wnsend.— Shock  felt  shortly  after  4  o'clock  a.  m.  Dishes 
rattled  and  sleeping  people  were  awakened. 

September  22.— Victoria,  B.  C,  3:40  a.  m. — Sharp  shock  felt  all 
over  city;  lasted  about  seven  seconds. 

September  23.— II]^i.dsburg,  1 :30  p.  m.—"  Very  severe  and  long 
continued  shock;  one  of  life  most  severe  ever  felt  in  this  vicinity.'* 
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October  2.— Moitnt  ftAMii^oN.^Prof.  Barnard  reports  as  follows: 
'*  From  one  and  one-half  to  two  seconds'  dnration.  A  very  decided 
Hhock.  Gradually  increased  in  intensity.  7 :19 :55  1^.  S.  T.  end  of 
shock.'' 

Prof.  Holden  gives  the  time  as  7:19:55.  Intensity  II  on  Rossi-Forel 
scale.    No  record  on  seismometers. 

October  11. — Felt  generally  over  tlie  central  portion  of  the  state. 
Following  are  the  newspaper  accounts: 

"San  Francisco.— a  slight  earthquake  shock  was  felt  throughout 
the  city  last  night.  It  seemed  like  the  heavy,  noisy  rumble  of  a  cart, 
and  was  perceptibly  felt  in  every  part  of  the  town.  Prof.  Davidson 
was  at  work  in  his  observatory  when  it  occurred.  He  did  not  consider 
it  severe  enough  to  disturb  him  in  his  investigations,  as  the  pier  upon 
which  his  instrument  is  placed  was  not  thrown  out  of  level  in  the 
slightest  degree.  The  earthquake  lasted  for  thirteen  seconds,  begin- 
ning at  twenty-seven  minutes  and  thirty-two  seconds  after  10  o'clock  and 
ending  at  twenty-seven"  minutes  and  forty-five  seconds  atlfcer  10  o'clock. 
An  unusual  feature  of  the  shock  was  that  it  began  light  and  gradually 
increased  until  it  w^s  greatest  during  the  last  three  seconds.  The  di- 
rection was  southeast  to  east  southeast.  Prof.  Davidson  had  no  means 
of  ascertaining  the  velocity  of  the  shock,  but  he  did  not  consider  it  in 
any  way  severe." 

Mr.  Burckhalter  reports  from  the  Ohabot  Observatory  that  the  mean 
time  clock  was  stopped  at  10:27:49  p.  m.  His  seismograph  shows  the 
actual  displacement  of  the  earth  to  ha^'e  beeu  2*5  mm.  in  an  east  and 
west  direction. 

"SuisuN,  October  11.— At  10:29  o'clock  to-night  a  heavy  shock  of 
earthquake  shook  up  this  quiet  little  city  in  a  frightful  manner.  The 
shock  lasted  nearly  half  a  minute.  It  was  the  heaviest  earthquake 
known  of  here  for  years.  The  damage  is  slight,  but  the  fright  of  the 
jieople  was  extreme. 

^'  Oakland,  October  11, — ^A  sharp  shock  of  earthquake  was  felt  here 
last  night  at  10:26,  the  vibrations  being  from  north  to  south.  Win- 
dows were  shaken,  but  no  damage  done. 

"  Sacramento,  October  11.— A  pretty  lively  shock  of  earthquake, 
or  a  double  shock,  was  felt  here  at  10:28  t-o-night,  but  it  was  not  heavy 
enough  to  do  anj^  damage.    Many  persons  did  not  feel  it. 

"  San  Jose,  October  11. — A  slight  shock  of  earthquake  was  felt  here 
at  10:28  this  evening.  The  movement  was  from  northeast  to  south- 
west. 

"  Winters,  Cal.,  October  12.— There  was  a  heavy  shock  of  earth- 
quake here  last  night  about  10:30  o'clock.  It  was  heavy  enough  to 
wake  people  from  a  sound  sleep.  The  vibrations  were  from  east  to 
west  and  lasted  two  or  three  seconds. 

"  Fairfield,  Cal.,  October  12.— There  was  a  heavy  shock  of  earth- 
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qnake  here  last  night  at  1():'$0  p.  m.  and  another  at  4  a.  ni.,  but  no 
Bcrions  damage  was\lone. 

"  Spanishtown,  Gal.,  October  12. — Quite  a  heavy  shock  of  earth- 
quake was  felt  here  at  9:29  last  evening. 

'*  Sonoma,  October  12. — Sonoma  aii(J  vicinity  were  visited  last  night 
at  10:28  o'clock  by  the  severest  earthquake  ever  felt  in  this  section  of 
the  State.  The  people  were  shaken  out  of  their  beds,  chimneys  were  de^ 
molished,  windows  broken,  and  the  interior  of  almost  every  p]a.stere<l 
house  in  the  town  shows  effects  of  the  shock,  which  last4*d  about  eight 
sec^onds.  The  temblor  was  a  series  of  vicious  twisters.  Pickett's  resi- 
dence and  wine  cellar  at  the  outskirts  of  town  were  badly  damaged, 
the  interior  of  the  house  presenting  a  scene  of  desolation.  On  S.  F. 
Ringstrom's  farm  a  large  chimney  fell  and  went  crashing  through  the 
roof  to  the  floor  below.  Several  chimneys  in  town  wei-e  also  over- 
thrown, but  fortunately  no  one  has  been  injured.  Reports  from  ;ill 
over  the  valley  show  more  or  less  damage.  On  the  Polpula  rapch. 
which  contains  a  number  of  warm- water  springs,  the  earthquake  causiil 
the  water  to  gush  forth  in  perfect  torrents.  The  first  shock  of  the 
evening  was  slight  and  felt  at  9:16.  Then  came  the  he^ivy  one.  after 
which,  at  intervals  of  an  hour  or  so,  there  were  eight  or  ten  other 
shocks.  More  or  less  damage  was  done  to  every  buUding  in  Sononia 
Valley.  People  are  greatly  excited  and  everybody  is  talking  *  earth 
quake.' 

"  Petaluma,  October  12. — ^At  twenty-five  minutes  past  10  last  night 
the  heaviest  earthquake  shock  since  1808  passed  through  Petaluma. 
Door-bells  were  rung  and  some  plastering  badly  cracked.  The  heavy 
shock  was  preceded  a  few  minutes  by  a  light  one,  and  after  it  came 
six  or  seven  other  shocks,  the  last  one  being  at  5  o'clock  this  morning. 
Many  people  were  kept  awake  most  of  the  night.  The  main  shock 
lasted  fully  nine  seconds. 

*'J^APA,  October  12. — The  heaviest  earthquake  shock  ever  felt  here 
wa^s  experienced  at  10:34  o'clock  last  night.  The  people  rushed  out 
into  the  streets  greatly  frightened,  and  the  whole  town  was  in  commo- 
tion. The  shock  was  especially  heavy  at  the  insane  asylum,  and  the 
inmates  were  almost  uncontrollable. 

"  Tlie  first  shock  came  at  9:16,  bnt  it  was  light.  At  10:29  came  the 
heavy  shock,  which  lasted  forty-six  seconds.  It  was  a  twisting  mo- 
tion from  right  to  left.  Some  people  fainted,  and  all  were  greatly  ex- 
ercised, but  no  fatalities  are  reported.  Lighter  shocks  followed  during 
the  entire  night.  Some  say  there  were  twelve  shakes,  while  others 
profess  to  have  counted  as  high  as  seventeen.  Some  people  remained 
in  the  street  all  night,  and  others  did  not  sleep  for  fear  of  a  repetitiou 
of  the  dread  sensation.  The  damage  will  not  be  very  heavy  on  any 
one  building,  but  in  the  aggregate  is  considerable.  Scores  of  ohimneys 
are  thrown  down  or  turned  three-fourths  aronnd.    Many  brick  build- 
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ings  are  badly  cracked,  and  tlie  wall  decorationR  iu  most  of  the  flne 
bouses  are  badly  damaged,  while  nearly  every  house  had  some  bric-a- 
brftc  and'  crockery  destroyed.  The  insane  asylaia  reports  some  dam-, 
age  to  the  walls  and  tower,  but  nothing  serions. 

"  St.  Helena,  October  12.— The  heaviest  earthquake  shock  ever  ex- 
perienced here  occurred  at  10:30  o'clock  last  evening.  Houses  -shook, 
crockery  rattled,  and  clocks  stopped-  The  vibrations  appeared  to  be 
Boath  to  north,  followed  half  an  hour  later  by  a  light  shock,  and  one 
also  at  5  o'clock  this  morning. 

"Santa  Bosa,  October  12. — The  severest  earthquake  shock  felt 
here  in  four  years  occurred  last  night  at  10:32  o'clock.  Theoscdlla- 
tions  lasted  forty-five  seconds.  A  slight  trembling  was  perceptible 
for  three  or.  four  minutes. 

**  San  Rafael,  October  12. — The  most  severe  earthquake  exper- 
ienced here  for  years  was  felt  last  night  at  10:26  o'clock.  The 
shock  lasted  abou^  twelve  seconds.  It  was  preceded  by  a  dull  rum- 
bling noise  like  a  heavy  wagon  rolling  over  the  pavement.  Much  ex- 
citement was  caused,  and  saloons  and  business  places  open  at  the  time 
were  soon  relieved  of  their  patrons,  everybody  seeking  refuge  in  the 
street  Two  shocks  of  lesser  power  were  felt  this  morning  about  4 
o'clock." 

October  13.--MotJNT  Hamilton,  11:0:30  (Prof.  Holden).—"  Inten- 
sity II,  Rossi-Porel  scale." 

Prof.  Barnard  reports  as  follows:  "Three  shocks  of  earthquake 
were  felt  in  rapid  succession.  Interval  between  the  individual  shocks 
about  one  and  a  half  seconds.  The  last  of  these  three  was  the. most 
severe.  This  occurred  at  11:00:09  P.  S.  T.  The  shocks  were  simply 
quick  jerks,  and  ought  to  have  been  x>owerful  enough  to  wake  a  per- 
son from  ordinary  sleep." 

Mills  CoLLEaE,  10:28  p.  m. — Prof.  Keep  sends  a  very  complicated 
diagram  from  his  seismograph,  indicating  disturbances  in  all  directions. 
Maximum  north  and  south  =  3*0  mm.;  maximum  east  and  west=3 
4-0  mm. 

The  above  figures  are  for  the  actual  displacements  of  the  earth. 

October  14.— San  Pbanclsco.— Felt  in  all  parts  of  the  city.  Prof. 
Davidson  says:  '^The  last  shake  was  similar  to  the  one  of  the  11th  in- 
st-ant  in  its  wave-like  vibrations.  Its  greatest  force  was  during  the  first 
seven  seconds,  and  its  entire  duratioji  was  ten  seconds.  Time  of  be- 
ginning, 4:33:23  o'clock.    Direction  of  the  vibration,  north  and  south." 

Following  are  newspaper  accounts: 

"  Napa,  October  14. — ^The  earth  continues  to  tremble.  Four  shocks 
have  been  felt  here  this  morning.  At  4:30  a.  m.  the  people  were 
startled  with  quite  a  heavy  shock,  and  several  lighter  ones  have  fol- 
lowed.   The  damage  done  by  Sunday  night's  shock  is  much  more  than 
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was  at  first  sui)j)osed  ai»d  will  amount  to  several  thousand  dollai-s. 
Many  of  tlic  ]>eoi)le  here  are  so  terrorized  that  they  have  hardly  slept 
•since  Sunday  evening,  and  the  sliglitest  shock  now  starts  "many  fn  to 
the  streets." 

*'  Petaluma,  California,  October  14. — Another  lively  earthquake 
sliockpassed  through  Petaluma  this  morning  about  4:30  o'clock,  and  a 
much  lighter  one  about  7.  The  vibrations  were  north  to  south." 
'  "SuLSUN,  October  14. — Shortly  after  4  o'clock  this  morning  the  pen}- 
pie  here  were  aroused  from  their  slumbers  by  another  sharp,  seven? 
shock  of  earthquake.  It  wa«  not  as  severe  as  the  first  one  that  occurred 
on  Sunday  night." 

**San  Rafael,  October  14. — Quite  a  severe  earthquake  shock  was 
felt  here  this  morning  at  4:25  o'clock.  The  shock  lasted  about  ten 
seconds.    The  vibrations  were  from  west  to  east." 

Prof.  Keep  reports  that  the  seismograph  at  Mills  College  indicated 
an  actual  displacement  of  the  earth  in  an  east  and  west  direction 
amounting  to  1  nun. 

October  27.— Mo  INT  Hamilton,  6:35:43±1s.  (Prof.  Holden).— In- 
tensity I  or  II  on  Rossi-Forel  scale.  Prof.  Barnard  reports  this  as  **a 
decided  shock,"  occurring  at  6:35:44. 

November  8. — Ashland,  Oregon. — Following  is  the  newspaper 
account:  "The  first  time  an  eartliquake  shock  has  been  felt  in  Ashland 
for  years  was  last  niglit  about  8  o'clock,  when  a  distinct  shock,  though 
light  and  lasting  only  a  very  few  seconds,  caused  a  general  rattling  of 
window  panes  in  many  buildings  in  town.  Though  the  shock  was  not 
heavy  enough  to  cause  even  timid  people  any  alarm,  many  unused  to 
such  occurrences  did  not  realize  what  the  disturbance  was  at  the  time.^ 

November  29. — Seattle. — At  3:21  o'clock  this  afternoon  two 
shocks  of  eartlniuake,  lasting  about  five  seconds  each,  were  felt  here. 
No  damage  was  done. 

The  direction  of  the  vibrations  was  southeast  to  northwest.  One 
building  swayed  so  much  that  the  elevator  bumped  against  the  side  of 
the  shaft  and  could  not  move  until  the  shock  was  over.  Lake  Wash- 
ington, on  the  east  side  of  town,  was  lashed  into  a  foam,  and  the  water 
rolled  on  to  the  beai'h  2  feet  above  the  mark  of  the  highest  water  and 
8  feet  above  the  present  stage. 

Reports  from  Snohomish  and  Bellingham  Bay  towns  say  the  shock 
was  plainly  felt  there. 

Port  Townsend,  November  29. — A  distinct  shock  of  earthquake 
was  felt  here  at  3 : 1 4  this  afternoon.  The  vshock  continued  fully  twenty 
seconds.  Buildings  shook,  windows  rattled,  and  many  i)erson8  mshecl 
out  of  their  houses.    There  was  no  damage  done. 

Tacoma,  November  29.— -A  slight  earthquake  was  felt  all  over  tbe 
city  at  3:1(3  this  afternoon.  No  damage  was  done.  Dispatches  say 
there  was  a  severe  shock  but  no  damage  dque  at  Olympia. 
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Mkj^docino,  November  29. — Two  shocks  of  earthquake  were  felt  last 
nt<>:bt  at  10:45  o'clock,  preceded  by  a  rumbling  noise.  There  were  two- 
minute  intervals. 

December  16.— Mount  Hamilton,  8:28:12  a.  m.— Prof.  Schaebarlo 
es^tiniates  tlie  intensity  at  I'on  the  Rassi-Forel  scale. 

December  21.— Mount  Hamilton,  6:15:41  i  p.  m.  (Prof.  IIol- 
il<»n). — Intensity  II  on  Kossi-Forel  scale. 

December  29.— Mount  Hamilton,  3:26:  56  ±  38,  a.  m.— Intensity 
I  to  II  on  Kossi-Forel  scale* 
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HP     PREFACE. 


In  the  following  chapters,  I  have  commenced  a  Serious  study  of  the 
vohime  thermodynamics  of  liquids  and  solids.  The  work  is,  as  yet,  con- 
fined to  volume,  pressure,  and  temperature.  Questions  involving  en- 
tropy and  energy  are  also  in  active  progress,  but  can  not  be  included 
in  the  present  bulletin. 

Accordingly  the  first  and  third  chapters  describe  the  method  of  gen- 
jrating  and  measuring  high  pressure  (i.  e.,  pressures  up  to  2,000  or 
5,000  atmospheres)  in  full.  The  second  chapter  treats  of  the  isometrics 
>f  liquids,  and  it  is  found  that  they  can  be  very  nearly  represented  by 
itraight  lines  (Levy,  Eamsay,  and  Young).  .  The  fourth  chapter  finally 
i*aces  the  isothermals,  as  yet  of  but  one  substance;  but  the  results  are 
lone  the  less  noteworthy  since  they  indicate  the  occurrence  of  a  criti- 
nl  temperature  solid-liquid,  and  show  a  probable  method  of  coordinat- 
u^  the  normal  type  of  fusion  with  the  ice  type,  in  a  continuous  diagram, 
'he  far-reaching  importance  of  hysteresis,  as  accompanying  all  changes 
f  molecule,  whether  chemical  or  physical,  whether  induced  by  stress, 
lag^netization,  temperature,  or  the  intervention  of  affinity,  and  whether 
i)served  electrically,  mechanically,  or  chemically,  etc.,  is  emphasized. 
The  work  as  a  whole  is  tributary  to  the  geologic  views  of  Mr.  Clar- 
ice King,  by  whom  the  importance  of  a  deeper  insight  into  the  vol- 
iie  changes  of  liquids  and  solids  was  j)ointed  out.  C.  B. 
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THE  VOLUME  THERMODYNAMICS  OF  LIQUIDS. 


By  ('arl  Bauus. 


OHAPTEE    1. 

METHOD  OF  OBTAINING  AND  OF  MEASURING  VERY  HIGH  PRES- 
SURES. 

INTBODUOTION. 

1.  Andrews's  screw  compressor  has  this  advantage  that  the  strains 
ai-e  all  brought  to  liear  within  the  compass  of  the  barrel.  In  other 
aiTangements^  such  for  instance  in  which  a  cylindrical  plunger  is  forced 
into  the  barrel,  stress  must  be  exerted  on  the  bed  plate  or  applied  in 
a  way  tending  to  flexure  of  the  plunger.  It  secmied  to  nie,  therefore, 
that  the  screw  compressor  might  well  be  taken  as  a  model  for  an  ap- 
paratus of  greater  strength  and  efficii^ncy  than  was  necessary  in  An- 
drews's work.  Indeed,  Andrews  himself  se^Mus  to  have  been  of  this 
opinion/  and  toward  the  close  of  his  life  devised  an  apparatus  in  which 
screw  plungers  are  an  essential  part.  Hannay  and  Hogarth,*  however, 
•  were  the  first  to  carry  a  practical  improvement  of  the  screw  into  exe- 
cation.  They  reached  pressures  but  slightly  short  of  900  atmospheres, 
stating  that  their  reasons  for  stopping  work  at  this  datum  are  quite 
apart  from  the  efficiency  of  their  apparatus.  With  the  screw  compressor^ 
described  below  I  obtain  2,000  atmospheres  with  facility  (§  17,  23).  It 
is  so  constructed  that  a  considerable  volume  of  liquid  can  be  operated 
ux)on,  admitting  of  compressions  of  bulk  of  5  cubic  inches.  Finally, 
special  provision  is  made  for  the  insulation  of  parts,  thus  enabling  the 
operator  to  apply  the  essential  electric  methods  in  studying  his  test 
samples.^ 

Particular  notice  should  here  be  given  of  the  remarkable  modifica- 
tion of  Desgofte's  differential  manometer,  bv  which  Amagat"*  simf'^ftdpil 

ERRATUM. 

In  $  74  there  is  a  wron^  entry  of  volume.  The  effect  is  such  a  shifting  of  the  co- 
ordinate axes  that  0*5016  cm^  must  he  added  to  aU  the  subsequent  volumeH  to  cor- 
rect the  results.  More  rigorously  an  additional  0-000,011  cm"*  per  degree  centigrade 
is  to  he  added,  and  0'000,001,32  cnv' per  atmosphere  deducted.  Tlie  relations  are 
therefore  practically  unchanged,  and  hence  the  iut'erences  are  sustained  throughout. 
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pressure,  but  whereas  cm  the  one  hand  Amagat  has  as  yet  given  only 
a  meager  account  of  his  machine,  Prof.  Tait  on  the  other  has  so  recently 
described  an  apparatus  on  the  principle  of  the  "manometre  c\  pistons 
libres,"  that  it  seems  expedient  to  refer  the  reader  to  Prof.  Taifs 
memoir.* 

THE  SCREW  COMPRESSOR. 

2.  General  method. — ^The  apparatus  consists  essentially  of  a  strong 
wrought-iron  barrel  ABC^  PL  i,  the  head  of  which  AA  is  suitably 
thrinided,  so  that  a  steel  screw  8ISTT  can  be  forced  into  it.  The  pie- 
zometer tubes  are  attached  at  the  end  CO  of  the  barrel.  Barrel  and 
tubes  are  quite  filled  with  oil. 

8.  tipecial  devices, — It  will  facilitate  comprehension  if  I  state  here  at 
the  outset  the  two  chief  devices  used  in  the  construction  of  the  machine. 
The  first  of  these  is  the  tinned  screw.  .  This  is  an  ordinary,  well-cut  ma- 
chine screw  of  iron  or  steel,  covered  with  a  uniform  thin  adhesive  layer 
of  solder  by  dipping  it  in  a  vessel  of  the  fused  metal,  soldering  salts  being 
used  in  the  ordinary  way.  Screws  of  this  kind,  when  forced  into  their 
sockets,  secure  complete  freedom  from  leakage  Gauges  and  other  ap- 
purtenances may  thus  be  attached  to  the  barrel  or  removed  from  it 
with  convenience.  The  other. device  is  the  gasket  of  marine  glue*  or 
other  very  visccms  liquid.  A  stuffing  box  is  easily  made,  by  which  this 
substance  is  kept  pressed  against  the  threads  of  the  screw,  or  against 
the  smooth  walls  of  a  cylindrical  plunger.  The  vis^^osity  of  marine  glue 
is  such  that,  whereas  it  easily  admits  of  being  shaped  by  pressure  to 
fill  up  any  cavity,  the  substance  is  yet  far  too  viscous  to  flow  through 
cai)illary  interstices  like  those  between  the  metallic  parts  of  a  well 
fitting  screw,  except  after  the  lapse  of  an  enormous  time  (months). 
Thus  I  found  the  absolute  viscosity  of  the  glue  to  be  200x10*.  It' 
would  therefore  require  1,000  atmospheres  to  force  the  cement  through 
a  capillary  aperture  .01*^™  in  diameter  and  1**"»  long,  at  the  small  rate 
of  only  .05«°»  per  hour,  supposing  (an  unfavorable  supjwsition)  that  its 
viscosity  does  not  increase  under  pressure.  For  larger  pressures  the 
rate  is  proportionately  increased.  !N^ow,  it  is  the  property  of  the  above 
screw  to  close  the  apertures  under  pressure,  since  the  metallic  parts 
under  these  circumstances  are  bound  more  closely  together.  This  prob- 
ably further  accounts  for  the  insignificant  leakage  actually  obser\'ed. 
I  may  note  in  passing  that  the  viscosity  of  a  pitchy  substance  like  marine 
glue  is  therefore  20  billion  times  that  of  water. 

4.  Steel  screw, — To  rotate  the  screw  ST  conveniently,  it  is  provided 
with  a  lever  and  rat<:^het  LI)EE.  The  ratchet  wheel  is  shown  at  ER 
in  PI,  1, 1  and  3,  and  is  cut  so  as  to  correspond  with  the  right  and  lefi 
click  I).    A  pin  JE,  sliding  in  a  socket  of  the  lever  X,  and  actuated 

» Tait:  Challenger  Reportu,  1873-'7«,  Physica  and  Chemistry,  vol. 2.    See  Nature,  vol. 41,  p. 361,  IW. 
'  Supplied  by  M.  Dncretet,  of  Paris,  or  by  tlip  Socl«t^  Gencvoise.    It  is  a  ap«cially  prepared  mlxtttW 
of  rubber  and  shellac.    It  may  bo  thickened  by  adding  shellac. 
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by  a  8priii<?,  enables  the  operator  to  adjust  tbe  rati^het  either  for  for- 
ward or  retrograde  motion  of  the  screw  STy  or  wholly  to  withdraw  the 
click  from  the  ratchet,  as  shown  in  PI.  i,  3.  The  figure  gives  a  fUll  ac- 
count of  the  manner  in  which  the  i)arts  of  the  lever  and  ratchet  are  put 
together.  The  ratchet  wheel  is  securely  forged  to  the  screw.  Essential 
parts  are  made  of  steel. 

The  screw  ST  is  1  inch  in  diameter.  On  the  front  half  of  it  a  thread 
of  12  turns  to  the  inch  is  cut  from  the  end  to  about  1  inch  of  the  ratchet 
wheel.  The  rear  half  is  a  cylindrical  shaft  held  in  position  by  a  journal, 
HHH.  The  latter  is  bolted  down  to  the  bedplate  FQ^  and  addition- 
ally secured  between  slides,  as  shown  in  PI.  i,  2. 

5.  Barrel.  HecuL — ^The  planed  front  end  of  the  wist  iron  bedplate  FO, 
the  part  J^^  of  which  is  hollowed  out  so  as  to  catch  drippings,  carries 
the  barrel  BBB  already  referred  to.  It  is  seen  in  cross-section  in 
PI.  1, 8,  and  its  flat  side  is  firmly  secured  to  the  plane  of  the  bedplate  by 
two  bolts.  The  head  A  A  of  the  barrel  carries  the  stuffing  box  kk^ 
of  special  construction.  The  efficiency  of  the  screw  depends  entirely 
on  this  arrangement,  and.  it  must  therefore  be  described  in  detail,  kk 
is  a  hollow  steel  nut  of  the  form  shown,  and  proyided  with  a  large  flange 
for  screwing  it  in  x>la^e.  Both  the  inner  and  the  outer  cylindrical  sur- 
faces of  the  nut  kk  are  threaded,  with  12  turns  to  the  inch.  Moreover, 
the  inner  thread  bbbb  of  kk  is  a  continuation  of  the  thread  aaaa 
in  the  walls  of  the  barrel.  And  since  the  thread  vccc  also  has  12  turns 
to  the  inch,  it  is  clear  that  the  nut  kk  can  be  forced  in  or  out  of  the 
head  AA,  no  matter  what  the  position  of  the  screw  ST  may  be.  In 
practice  eccc  is  cut  first  and  the  nut  screwed  in  i)lace.  After  this  the 
whole  thread  bba^aubb  is  cut  at  one  time.  To  prevent  leakage  of  the 
oil  in  the  barrel  through  the  threads  of  the  screw,  the  gasket  of  marine 
engine  mm  is  inserted  and  kept  firmly  pressed  against  the  tlireads  by 
the  gland  kk.  At  high  pressure  the  friction  is  sufficient  to  hold  the 
nuts  in  place,  thus  obviating  the  need  of  lock  nut. 

It  is  seen  that  after  the  screw  enters  the  barrel  the  chief  strain  of 
compression  is  borne  by  the*thread  aaaa.  The  threads  eccc  and  bbbb 
hold  the  material  of  the  stuffing  box  forcibly  in  place. 

6.  Barrel.  Headj  improved. — There  is  an  objection  to  this  form  of 
stuffing  box,  inasmuch  as  at  very  high  pressures  the  threads  aaa<i  and 
bbbb  tend  to  act  as  lock  nuts  on  each  other.  To  obviate  this  annoyance 
I  devised  the  method  shown  in  PL  i,  4  and  5.  Here  the  thread  aa  is 
movable,  being  on  the  inside  of  a  ring  rr  of  steel,  which  fits  snugly  in 
a  socket  of  the  barrel.  The  ring  rr,  though  capable  of  moving  back 
and  forth,  can  not  rotate,  being  prevented  by  a  projection  correspond- 
ing to  a  slot  in  the  barrel.  In  this  way  the  material  in  the  stuffing 
box  is  not  forced  into  the  barrel  on  actuating  kk.  Note  that  the 
thread  within  kk  is  carried  quite  to  the  end,  and  that  the  inner  face 
of  kk  is  beveled  very  obliquely,  thus  allowing  the  gasket  to  encircle 
a  greater  number  of  threads  of  the  screw  8S.  The  strain  is  now  borne 
by  the  thread- &6.    Experiment  has  shown  this  to  be  no  disadvantage. 
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7.  Barrel,  Body, — This  is  perforated  by  four  or  more  holes  (PI.  i,  1 ) 
about  three-eigbths  of  an  inch  in  diameter,  and  threaded  to  admit  the 
tinned  machine  screws.  Two  of  these  MM  are  vertical,  the  other  two 
Ny  0  (PI.  I,  8),  horizontal.  They  are  of  use  in  filling  the  barrel  with  oil, 
for  attaching  gauges  and  other  appurtenances. 

8.  Barrel.  End  with  piezometer  tube.^ — ^The  steel  tube  uuu  is  in- 
serted in  such  a  way  as  to  insulate  it  electrically  from  the  barrel  end 
CC.  A  screw  is  cut  on  the  end  of  «««,  fitting  into  a  cast-iron  flange 
WW  between  two  cylindrical  jackets  XX  and  YY  of  hard  rubber  or 
ivory.  Tliese  parts  Y,  Wy  Xare  screwed  to  the  end  of  the  tube  U,  and 
the  cylinders  Y  and  X  are  tui-ned  large  enough  to  fit  the"  hole  of  the 
barrel  and  the  internal  aperture  of  the  steel  gland  ZZ  snugly.  All 
space  within  the  head  CC  is  filled  with  marine  glue  dd.  This  is  easily  ac- 
complished by  melting  the  cement  into  the  crevices  between  Y  and  W^ 
Trand  X,  before  putting  the  piezometer  in  place.  A  thick  gasket  dd  is 
also  inserted.  After  this  the  remaining  annular  space  around  W, 
through  which  leakage  might  occur,  is  filled  by  forcing  in  the  nut  ZZ 
gradually,  and  at  a  temperature  not  too  low.^  To  obviate  possible 
electric  contact  between.  W  and  Z,  the  rubber  jacket  Y  is  flanged. 

9.  Piezometer  tube.  Vapor  bath, — The  further  end  of  the  piezometer 
uu  is  closed  with  a  tinned  screw  V,  The  substance  to  be  examined  is 
inserted  in  ways  which  must  be  specially  described  for  eHbh  experiment. 
As  a  rule  the  sAme  tubes  are  adjusted  within  the'  compass  of  a  copper 
vapor  hsbthfXffj  PI.  i,  6.  This  is  a  hollow  cylinder,  closed  at  both  ends, 
through  which  a  suitable  thin  copper  tube  hh  passes  somewhat  above 
the  middle  and  from  end  to  end.  The  liquid  yy  to  be  boiled  is  intro- 
duced into  ffff  and  heated  with  a  large  burner.  The  vapors  escaping 
at  g  are  condensed  and  run  back,  thus  making  the  ebullition  continuous. 
A  number  of  baths  of  this  kind  are  at  hand,  each  containing  a  substance 
of  suitable  boiling  point.  In  order  to  pass  from  one  temperature  to 
another  it  is  merely  necessary  to  slip  ofl:*  one  vapor  bath  ^  and  slide 
on  another.  The  copper  vessels  are  to  be  surrounded  with  thick  as- 
bestos jackets  in  the  usual  way,  and  proper  provision  made  to  close  np 
the  ends  of  the  tube  hh  so  that  convection  currents  may  be  obviated. 

10.  Method  of  filling, — When  the  screw  is  in  good  adjustment  leakages 
are  small  and  fresh  supplies  of  oil  are  not  frequently  necessary.  A 
convenient  method  of  filling  the  screw  with  oil  is  indicated  in  PI.  i,  8. 
The  steel  rod  oOj  threaded  at  one  end  and  provided  with  a  strong  cross 


1  WeldleAB  cold-drawn  steel  tabing  of  any  dimension  may  boobt«ine«l  from  John  S.  Leng,  New  York, 
or  of  Philip  8.  Justice,  PhlladelpUia,  Peunsylvania.  Eoth  gentlemen  are  agents  of  English  bouaea 
whose  address  is  not  known  to  me. 

3  The  figure  is  somewhat  diagrammatic  Ifero  to  exhibit  the  parts.  In  practice  I  aae  hard-rubber 
cylinders  XX  and  FF,  and  two  bard-rubber  annular  disks  between  IT  and  IFITaDd  ITITand  XX,  re- 
6;>ectively.  When  ready  for  insertion,  the  cylinders  are  screwed  against  WW,  so  that  there  are  mere 
films  of  marine  giue  left  between  contiguous  planeb.  Mnally,  the  nut  ZZ  is  brought  in  contact  with 
the  flange  rr  (disk)  by  pressure.  It  is  In  view  of  the  fact  that  IT  is  pressed  radially  inward  toward 
the  axis  of  UU,  as  well  as  outward  by  pressure,  that  the  arrangement  holds  bo  well.  Bepacktng  is  onlj 
rarely  necessary. 
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liaudle  at  tbe  other,  is  surrounded  by  a  cyliudrical  tube  of  bniss  P 
surmounted  by  a  fuunel-shaped  inlet  Q.  Both  Q  and  P  are  kept  full 
of  oil,  and  to  prevent  leakage  there  is  an  ordinary  stuffing  box  at  pp. 
A  spring  elamp  (not  shown  in  the  figure)  keeps  the  end  of  the  tube  P 
of  the  filler  PQ  appressed  against  the  barrel  BB^  a  leather  washer 
being  suitably  interposed.  To  manipulate  the  filling  arrangement,  the 
l)ressure  is  taken  off  and  oo  screwed  out  without  removing  it  from  P. 
The  oil  in  PQ  will  then  follow  the  retreating  screw  8T^  PL  i,  1.  To  fill 
the  barrel  completely,  ond  of  the  screws  M  may  be  removed  until  oil 
exudes.  It  is  clearly  advisable  to  remove  all  the  air  out  of  the  barrel 
and  piezometer  tubes,  otherwise  ST  must  be  forced  in  to  a  considerable 
part  of  its  length  before  the  aii*- spaces  are  sufficiently  compressed  to 
sustain  high  pressure.  Ordinary  sperm  oil  or  machine  oil  of  a  thickish 
qyality,  yet  sufficiently  thin  to  flow,  is  available  for  filling  the  barrel. 
It  has  a  great  advantage  over  water  in  not  rusting  the  barrel,  and  in 
keeping  the  moving  parts  oiled.  Mercury  is  objectionable,  since  it  would 
dissolve  the  tin  coating  on  the  bolts,  and  thus  soon  produce  leakage. 

11.  Cane  for  protection. — Working  as  far  as  2,000  atmospheres,  explo- 
sions are  not  infrequent.  They  occur  with  sUght  detonation,  scattering 
thin  mists  of  oil.  But  there  has  been  nothing  erf"  a  serious  nature.  It 
is  necessary,  however,  to  surround  the  barrel  with  a  case  of  2-inch 
l)lank,  and  to  put  a  barricade  beyond  the  end  of  the  piezometer  tube. 
•A  tin  pan,  suitably  fastened  below  the  bed  plat€  of  the  screw,  is  iui- 
vantageous  in  catching  oil.  After  filtering  this  may  at  once  be  used 
over  again. 

12.  Vertical  piezometer. — An  adjustment  similar  to  CCuu,  but  smaller 
in  dimensions,  and  ending  below  in  a  finely  perforated  screw,  ipay  be 
attached  at  M.  The  piezometer  is  thus  fixed  in  vertical  position,  and 
is  easily  adjusted  or  withdrawn,  while  the  end  of  the  barrel  is  available 
for  other  puri)0se8.  (§  23.)  A  full  view  of  the  vertical  piezometer  is  given 
in  PI.  T,  7,  and  PI.  iii,  below,  shows  the  same,  with  appurtenances. 

In  PI.  I,  7  aa  is  a  hollow  pear-shaped  piece  of  steel,  which  can 
be  att«ached  to  the  barrel  by  means  of  the  perforatt^d  tinned  screw/. 
The  piezometer  tube  of  steel  is  shown  at  uu,  and  is  provided  with  a 
steel  flange  piece  cc.  The  hard  rubber  flanges  for  insulation  are 
screwed  on  at  d  and  e,  and  the  system  held  in  place  in  a  medium  of  ma- 
rine  glue,  by  the  steel  gland  bb.  The  advantage  of  the  vertical  adjust- 
ment lies  in  the  fac;t  that  a  surface  of  separation  or  meniscus  of  mer- 
ciu*y  is  very  much  less  apt  to  be  broken  in  the  vertical  position  of  the 
column  than  is  any  other.  It  is  also  frequently  desirable  to  produce 
gravitational  separation  of  mi xed  liquids  un  der  pressure.  Finally,  since 
the  api>aratus  PI.  i,  7  is  complete  in  itself,  the  electrical  and  other  ad- 
justments may  be  made,  and  all  glass  apparatus  within  uu  fastened 
before  the  piezometer  is  screwed  into  the  barrel.  Note  that  the  tube 
uu  and  the  barrel  are  insulated  from  each  otlier. 
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18.  Tait  gauge.  Adjustment — ^The  gauge  connects  at  JT,  PL  i,  8,  and 
is  shown  at  qq,  ttj  8S.  The  essential  part  is  the  steel  tube  qq^  closed  at 
one  end  by  the  tinned  bolt  r,  and  connecting  at  the  other  with  the  re- 
ducing piece  y,  I  added  N  because  it  is  not  advisable  to  cut  a  deep 
thread  in  the  tube  qq.  Connection  may  be  made  with  N  by  a  shallow 
line  thread  and  solder,  and  the  connecting  thretid  cut  in  the  thick, 
walled  tube  of  N.  The  tube  qq  ii^  filled  with  oil.  To  measure  the  ex- 
pansion of  qq  under  pressure  it  is  surrounded  by  a  close-fttting  glass 
tube  ttttj  one  end  of  which  is  joined  to  the  steel  tube  at  ^a/3  by  a  layer 
of  marine  glue.  The  other  end  of  ft  communicates  with  the  vertical 
capillary  tube  s«,  by  which  the  expansions  are  measured. 

It  is  clear  that  the  shell-like  space  between  the  steel  tube  qq  and  the 
glass  envelope  tt  must  be  filled  with  a  liquid  of  small  coefficient  of  Ex- 
pansion. I  first  tried  mercury,  but  found  it  almost  impossible  to  fill  tt 
in  such  a  way  as  to  entirely  exclude  air.  Moreover,  in  view  of  the  fric- 
tion of  the  mercury  thread  in  ««,any  trace  of  air  in  tt  vnR  produce  ir- 
regular motion,  and  vitiate  the  experiment.  Colored'alcohol  shows  t<H> 
much  thermal  expsoision.  I  therefore  used  water  colore<l  with  an 
alcoholic  solution  of  fuchsine.  Under  these  circumstances  a  sufficient 
constancy  of  temperature  may  be  obtained  by  surrounding  W  with  a 
jacket  uu  of  circulating  cx)ld  water  coming  directly  from  the  hydran|. 
Thus  the  temperature  error  may  be  reduced  so  as  not  to  exceed  10 
atmospheres,  reasonably  slow  motion  of  the  screw  presupposed.  (See 
below.)  To  keep  the  liquid  in  88  at  a  given  fiducial  mark,  a  special  ad- 
justment for  moving  the  meniscus  suggests  itself  j  but  this  is  an  ex- 
ceedingly difficult  device  to  a[)ply,  seeing  that  there  must  be  the  mini- 
mum of  water  in  tt,  and  that  obsoliitely  tight  joints  are  essential. 
Hence  I  raise  or  lower  the  meniscus  and  color  it,  when  faded,  by  in- 
serting filimentary  glass  tubes  into  the  canal  of  88.  Such  tubes  are 
easily  made  by  drawing  out  a  wide  glass  tube  and  then  covering  the 
open  wide  end  with  a  rubber  cap.  Using  such  tubes  there  is  little 
difficulty  either  in  adding  more  liquid  to  the  thread  in  ««  or  in  with- 
drawing liquid  from  it. 

It  is  advisable  to  protect  the  steel  tube  qq  from  rusting,  either  by 
nickel-plating  it  or  in  other  ways.  I  observed,  however,  that  water 
free  from  air  and  containing  a  little  alcohol  does  not  easily  rust  iron. 
After  an  exposure  of  several  months,  bright  surfa<;e8  were  still  untar- 
nished. A  dilute  solution  of  rubber  may  possibly  be  used  for  coating 
the  tube.  Thick  coats  are  to  be  avoided,  because  they  interfere  with 
the  expansion. 

In  later  experiments  T  made  the  joint  at  the  closed  end  of  the  glass 
envelope  hermetic  and  rigid,  as  follows:  In  PL  i,  8  a  is  a  layer  of  ma- 
rine glue  between  steel  and  glass,  and  u  a  plug  of  fusible  metal,  the 
whole  being  surrounded  by  an  external  close  fitting  copper  envelope 
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(wired  to  the  glass)  fi.  The  latter  being  a  prolongation  of  the  glass 
tube,  the  layers  a  and  //  are  melted  in,  while  the  gauge  is  held  in  a  ver- 
tical position.  The  effective  paft  of  the  steel  tube  qq^  is  about  100«™ 
long,  V^  thick  externally,  and  •5'^'"  in  internal  bore.  A  capillary  tube 
of  the  rather  wide  bore  *07*'"»  is  then  sufficient  for  measurement,  show- 
ing a  displacement  of  meniscus  of  nearly  2«"»  per  100  atmospheres  pres- 
sure. Data  are  given  more  accurately  below.  My  reasons  for  using  a 
long  tube  are  these:  That  the  effective  length  can  be  more  accurately 
stated.  In  short  tubes  the  error  at  the  joint  ^a  is  much  more  serious. 
Again,  since  the  expansion  corresponding  to  a  given  pressure  increases 
in  absolute  magnitude  with  the  length  of  gg,  it  is  clear  that  a  wider 
capillary  tube  at  ««  will  suffice  when  qq^  is  long.  A  wide  capillary  hh  is 
obviously  convenient,  since  it  can  be  more  easily  adjusted  for  zero  in 
the  way  just  stated,  and  since  the  tube  qq  itself  can  be  more  easily 
filled  by  aid  of  the  air  pump.  When  the  gauge  is  properly  charged 
and  adjusted,  it  must  show  no  displacement  of  the  fiducial  zero  during 
the  interval  of  experiment 

In  later  exi>eriments  I  bent  the  vertical  tube  ««,  PL  i,  8,  horizontally, 
so  that  its  measuring  parts  lay  close  to  uu,  and  immediately  above  a 
millimeter  scale.  A  somewhat  finer  capillary  corresponding  to  about 
2,000  atmospheres  per  meter  was  used  with  advantage.  So  constructed 
the  Tait  gauge^  is  very  much  more  compact  and  less  fragile. 

14.  Tait  gauge.  Qraduaiion. — ^To  graduate  the  gauge  I  compared  it 
with  a  large  Bourdon  gauge,  reading  from  0  to  1000  atmosphere.  The 
tube  of  the  latter  in  this  case  communicates  with  the  barrel  through 
one  of  the  screws  if.  This  comparison  with  the  Bourdon  gauge  is  a 
check  on  both  instruments,  and  the  statistics  ai*e  therefore  given  be- 
low. It  affords  no  means  of  checking  the  correct  value  of  the  standard 
atmosphere  employed.  But  since  both  gauges  are  based  on  Hookers 
law,  and  provided  with  scales  of  equal  parts,  the  relations  are  well  in- 
dicated. In  the  table  2ao,  2ai,  and  X,  denote  the  internal,  the  ex- 
ternal diameters,  and  the  length  of  the  steel  tube  qq^  PI.  i,  8,  2  /?,  is  the 
bore  of  the  capillary  m. 

>  The  form  of  steel  high  pressure  gauge  based  on  Hookers  law  rooommeiuled  bat  not  constructed  by 
Prof.  Tait  (loo.  olt.),  Ih  somewhat  differeut  from  the  above.  I  think  my  form  has  the  practical  advan- 
tage of  greater  simplicity,  being  essentially  a  single- walled  tube.  The  method  of  computation  is  due 
to  Prof.  Tait.  It  was  my  purpose  to  make  the  tube  tt  of  brass,  so  that  th^hent  of  compression  would 
be  more  quickly  dissipated.  But  I  fail6<i  to  obtain  tubing  of  the  proper  bore  and  strength  until  quite 
recently. 


Digitized  by  LjOOQIC 


24 


THK    VOLUME    THERMODYNAMICS  OF   LIQUIDS, 


[«irM.9a. 


Tahlk  1. — Compariaan  of  Tmi  gauge  Xo.  0,  oitd  Bourdon  gauge. 

[ao  -  -  ■27«-:  a,  r^  1.00««:  L  =>  100™* ,-  p  ^.^  .034'».J 


Time  -- 
Bourdon. 

I.-,"' 
Tail. 

Cm. 

1-90 

3-58 

5-20 

7M)5 

8-70 

10-50 

*12  -50 

14  10 

15-65 

17-22 

18-80 

16-62 

14-65 

12-80 

10-95 

9-30 

7  -55 

5-95 

4-50 

3-04 

1-74 

30- 
Tait. 

45  « 
Tait. 

75- 
Tait. 

Cm. 
2  18 

3-85 
5-55 
7-45 
9-10 
10-85 
12-55 
14-20 
15-85 
17  -45 
19  10 
10-80 
14-70 
12-92 
11  12 
9-35 
7  00 
6-15 
4-60 
3-20 
2-00 

90- 
Taife- 

Om. 

2  16 

Atm. 
0 
100 

Cm. 
2  10 
3-70 
5-50 
7-25 
9-00 
10-72 
12  -50 

14  10 

15  -70 
17-20 
19-00 
16-70 
14-70 
12-80 
11-00 

9-28 
7-55 
6  00 
4-55 
8-12 
1-90 

(hn. 
2  00 
3-60 
6-35 
7-20 
8-90 
10-70 
12-45 
14-10 

15  -70 
17-30 
19-00 

16  80 
14-63 
12-75 
11-00 

9-23 
7 -50 
6  10 
4-60 
3-15 
1-00 

200 

300 
400 

7  30 

500 

600 
700 

12-70 

800 

900 



1000 
900 

19-26 

800 

700 

COO 
500 

11-00 

400 

3.0 
200 



5-85 

100 

0 

l-OO 

Rate,  in 
centime- 
tors,  per 
a  t  ni  o  8- 
phcre.  - . 

= .  0169 

•0171 

•0172 

•0172 

*  Break  in  tl^e  measurements. 
16. — Tablk  2. — The  same  gauge  eomparisona  {No.  0  and  Bourdon)  afiet-  long  i 


Large 
Dourdun. 


100 
200 
300 
400 
500 


Tait. 

Tait. 

Factor. 

Mean. 

6^35 

6-27 
7-96 
9-70 
11-41 
13-10 

•01715 
17-25 
1720 
1728 

•01722 

8-03 

9-79 

1 

11 --iS 

13-26 

1 

Small 
Bourdon . 

Laree 
Bounfon. 

31 

1-21 
210 
300 

Tait. 

Talt. 

5  05 
6-53 
8-05 
9-67 

Factor. 

Mean. 

30 
120 
210 
300 

4-94 
6-42 
8  01 
9-60 

•01722 
1767 
1667 
1744 

.01725 

Table  3. — High  pressure  tests. 


-| 


I 

P=^  0  iVp— 4-90 
2110  I        40-93 

0  5-10 

2160  41  -95 

0  5-20 


16. — Table  1  contains  five  series  of  observations  made  at  the  tim^-s 
statred.  In  the  first  four  series  I  went  up  to  the  maximum  and  down  again 
gradually,  but  not  slowly.  The  last  I  operated  as  fast  as  the  experi- 
ment would  permit.  To  determine  the  degi^ee  of  accuracy  it  is  well  to 
consult  the  rates  at  the  bottom  of  the  table.  These  show  that  a  mean 
displacement  of  •0171*'"'  of  the  meniscus  takes  place  in  the  pressure  In- 
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creasing  series  for  each  atmosphere  pressure.  Oonsultinff  data  on  the 
same  horizontal  row  it  appears  that  the  differences  of  reading  of  the 
new  gauge  corresponding  to  a  given  readuig  of  the  Boui-don  gauge  are 
greatest  in  the  region  of  low  pressures.    At  ;^ero  the  maximum  diiler- 


0       100     200     300     400     500    600     700    600    900    1000 

Fig.  1. — Chart  nhowing  tho  Imw-nhaped  cycles  obtaine<l  in  tbe  gauge  coroparisona. 

ence  observed  is  •40<^™,»equivalent  to  an  error  of  24  atmospheres.  Again, 
comparing  the  two  zero  readings  of  the  last  column,  the  difference  of 
reading  is  •se*'™,  corresponding  to  S3  atmospheres.  This,  therefore,  is  a 
maximum  index  of  the  inaccuracy  of  the  Tait  gauge  due->to  thermal 
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effects  of  compression  and  imreasouably  hasty  work.  To  diminish  tlii*j 
error  further,  it  is  necessary  to  decrease  the  bore  of  the  glass  tube  it 
in  PI.  1, 8,  thus  making  the  thermometer  property  of  the  gauge  of  smaller 
importance.  In  the  above  apparatus  this  tube  was  1«16«°'  in  internal 
diameter,  corresponding  therefore  to  a  liquid  interstratum  -OT*^™  thick. 
Clearly  this  admits  of  further  i  eduction.  A  brass  tube  would  in  many 
respects  be  preferable  to  a  glass  tube,  since  in  this  case  the  heat  of 
compression  is  more  easily  dissipated;  but  I  did  not  find  one  of  the 
necessary  dimensions. 

17. — A  second  point  of  view  is  obtained  by  comparing  the  dat^k  of  the 
pressure  "on"  and  of  the  pressure  "oflf''  phases  of  the  above  experi- 
ments. For  convenience  I  insert  the  Chart,  Fig.  1,  in  which  the  data  of 
Table  1  are  inserted.  It  is  seen  at  once  that  the  degree  of  accordance 
in  the  '^  on"  series  is  satisfactory.  The  errors  are  nowhere  larger  than 
10  atmospheres.  The  loci,  apart  for  slight  circumflexure,  are  straight 
lines.  In  the  "off"  series,  however,  this  good  uniformity  is  lost.  The 
data  lie  on  consecutive  broken  lines.  The  feature  of  particular  im- 
portance is,  however,  this :  The  observation  that  the  "  off"  data  do  not  at 
all  return  on  the  lines  of  the  "on"  data.  Indeed  the  two  lines,  "on" 
and  "off,"  inclose  a  band  the  maximum  width  of  which  is  even  1.5*", 
(•orresponding  to  90  atmospheres.  Since  this  band  widens  at  once  at 
9(K)  atmospheres,  and  falls  off'  at  zero  atjnosphere,  it  is  clearly  due  to  a 
virtual  shifting  of  the  fiducial  zero  of  the  mechanism  of  the  Bourdon 
gauge. 

In  the  present  comparisons,  therefore,  the  "on"  series  of  data  need 
alone  be  considered.  It  appears  for  these,  slow  work  presupposed,  that 
the  error  of  the  gauge  in  the  above  form  need  not  exceed  10  atmos- 
pheres, and  that  it  can  certainly  be  reduced  decidedly  below  this  limit 
by  diminishing  the  bore  of  the  glass  envelope  tt,  PI.  i,  8. 

18. — ^Table  4. — Comparison  of  large  Bourdon  gauge  with  Tait  gauge Ko.  2,    p=:,OSiO^''* 


Laree 
Bourdon. 

Aim. 
0 
100 
200 
300 
400 
500 
600 
700 
800 
900 


No.l. 

Cm. 
17-18 
21-30 
2503 
28-85 
32-63 
36-50 
40-35 
44-05 
47-55 
51-25 


Diff. 


Cm. 

8-4» 
3-73 
3-82 
3-78 
3-87 
3-85 
3-70 
3-50 
3-70 


1  Bourdon. 
:     Aim, 

No.l. 

Diff. 

Cm.  • 

Cm. 

\           900 

51-27 

800 

47-12 

4-15 

700 

43-10 

402 

!            600 

3911 

4-00 

1            500 

35-12 

3-99 

400 

31-32 

3-80 

300 

27-75 

3-57 

1            200 

24  31 

8-44 

II            100 

2100 

8S1 

1                 0 

17-96 

304 

Second  eomparieon.    Another  thread  length. 


lOO  1 

596 
9-42 

1] 

1000 
900 

43-40 
8900 

8-46  ;i 

4-40 

200  , 

13  17 

3-75  II 

800 

34-75 

425 

300  1 

1700 

3-83    1 

700 

30-76 

4-00 

400  1 

20-74 

8-74    1 

600 

26-75 

401 

500  1 

24-60 

3-86    1 

500 

22-84 

3-91 

600 ; 

28-45 

3-85  1 

400 

19-13 

3-71 

700  , 

3215 

3-70  j 
3-63 
3-79  '1 

300 

15-74 

3-39 

800 

35-78 

200 

12-36  «          S-38 

900  1 

39-57 

100 

9  14             3-22 

1000  1 

43-36 

3-79  i| 

« 

6-21             293 

[ 
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Third. comparhon.     Large  Bourbon  gauge  with  Tait  gatigcA  Xos.  X  and  S. 
[No.  1,  p=.0220—.    No.3,  pr=.0338™.] 


Boimfon. 

No.  1. 

No.  3. 

Bonrdon. 

No.l. 

No.  3. 

Atm. 

Cm. 

a».    1 

Attn. 

Cm. 

Cm. 

0 

4-72 

26-59  . 

1000 

43-20 

43-28 

100 

8-29 

28-17 

900 

38-93 

41-36 

200 

1203 

29-81  ' 

800 

:m-58 

89-55 

300 

15-85 

31-60 

700 

30-75 

37-87 

400 

19-48 

33-11 

600 

-26-65 

3613 

&00 

23-40 

34-82  t 

500 

22-68 

34-49 

000 

27-32 

36-59 

400 

1903 

33-00 

700 

31  04 

38-23  i 

300 

15'e2 

31-63 

800 

34-08 

39-81 

200 

12-24 

30-24 

900 

38-53 

41-53 

100 

895 

28-86 

1000 

4319 

43-28 

0 

6:08 

27-60 

Cyclic  comparUons. 


0 

610 

1 
27-92  ; 

0 

5-08 

28-02 

100 

9-55 

29-45  ' 

100 

9-43 

30-r>0 

200 

13-27 

31-15  1 

200 

13-20 

32-19 

300 

1712 

32-64 

.      300 

17-05 

.33-87 

400 

20-94 

34-51 

400 

20-94 

35-51 

30i) 

1713 

32-90 

500 

24-75 

37-17 

•20U 

13-30 

31-29 

600 

2900 

38-89 

100 

9-52 

29-77  ! 

700 

32-63 

40-39 

0 

6-08 

28-64 

800 

36-44 

42-00 

0 

6-08 

'28-64 

900 

4018 

4.T57 

100 

9-60 

:w-io  . 

1000 

45-10 

45-27 

200 

13-39 

31-61  t 

1000 

45-13 

45-28 

300 

1719 

33-27 

900 

40-72 

43-43 

400 

20-96 

34-86  1 

800 

36-50 

41-6:j 

500 

24-83 

36-54 

700 

32-49 

39-97 

600 

28-40 

38- 12  j 

600 

28-49 

38-35 

700 

32-30 

39-74  1 

500 

24-57 

36-74 

600 

28-39 

38-a7  ' 

400 

20-86 

35.4 

5(K) 

24-35 

36-39  * 

300 

17-41 

.33-83 

400 

20-38 

:m-77  I 

200 

1400 

32-46 

Accl 

dent. 

100 

10-80 

31-16 

0 

602 

28-69 

0 

7-78 

29-97 

10.— Table  5. — Comparison  of  Tait  gauges  Nos,  1  and  4, 


No.l. 


-    -83 

6-42 

13-10 

20-20 

30-08 

38-00 

31-49 

23-62 

16-96 

8-96 

1-35 

7-78 

15-67 

21-41 

28-54 

35-31 

40-00 

32-65 

25-80 

19-84 

13-38 

6-25 

-60 


No.  4. 


10-38 
13-43 
16-43 
19-69 
24-09 
27-95 
24-71 
21-23 
18-02 
14-61 
11-22 
1411 
17-66 
20-37 
23-56 
26-48 
28-67 
25-35 
22-39 
19-69 
16-69 
13-55 
U-02 


No.l. 


No.  4. 


No.  1. 
atni. 


No.  4. 
atm. 


New  adjaBtment  of  No.  4. 


1-39 

10-78 

7-68 

13-54 

14-45 

16-60 

20-54 

19-33 

28-40 

22  85 

34-39 

25-53 

4007 

28-07 

46-35 

3105 

62-75 

34-49 

59-02 

3818 

83-75 

41-62 

1761 

1783 

63-53 

41-25 

1755 

1760 

6311 

41-11 

1745 

1750 

56-44 

38-26 

1564 

1579 

47-36 

33-96 

1317 

1320 

40-98 

31-32 

1145 

1161 

33-61 

28-10 

947 

967 

26-95 

26-11 

766 

787 

19-24 

21-63 

557 

577 

1305 

18-80 

389 

407 

6-54 

15-28 

185 

195 

1-25 

1205 

00 

00 
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Taui.k  6. — ( \il i bra i ions  of  Tail  gauge*  Nos.  1  and  4. 


No.  1. 


1-30 
2-28 
600 
9-06 
9C5 
500 
2-20 
1  30 


No.  4. 

SmaU 

No.l 

Ko.4 

BouitloD. 

factor. 

factor. 

1202 

0 

3-66 

1-63 

13-63 

100 

3-69 

1-67 

16-29 

200 

3-60 

1-67 

16-97 

300 

3-r3 

1-61 

16-96 
15-26 

300 
200 

3-69 

leo 

13-62 

100 

12.04 

0 

Table  7. — Comparison  of  Tail  gauges  Xos.  2  and  4. 


No.  1. 


Cm. 

—  -40 
8-38 

18-23 
28-43 
38-36 
5004 
59-93 
63-75 
55-03 
42.89 
31-90 
20  09 
902 

—  -55 


No.  4. 

P..* 

1          T> 
^4» 

Cm. 

Ahn. 

Aim. 

12-40 

0 

0 

16-45 

244 

252 

20-85 

517 

525 

25-40 

801 

807 

29-80 

1077 

1081 

34^91 

1401 

1399 

39-41 

1675 

1678 

41-25 

1781 

1791 

37-33 

1540 

1549 

32-06 

1202 

1221 

27-19 

897 

919 

21-86 

560 

588 

16-78 

202 

272 

12-30 

—        4 

6 

TaIjlk  8. — Valihraiiom  of  Tait  gauges  Kos.  1  and  4^ 


Small 

No.  1. 

No.  4. 

Factor 

Factor 

Boimlon. 

No.l. 

No.  4. 

Aim. 

Cm. 

Cm. 

0 

-     -56 

12-36 

3-57 

1-60 

100 

2-90 

13-93 

3-73 

166 

200 

6-59 

15-56 

3-58 

1-61 

300 

10-36 

17-26 

3-51 

1-57 

300 
200 

10-34 
6-68 

17  26 
15-60 

360 

1-61 

100 

3-18 

1405 

0 

—     -33 

12-46 
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20.  Tait  gauge.  Volume  increase  measured  and  computed. — With  the 
aid  of  the  above  results^it  will  now  be  easy  to  compute  the  volume  in- 
crease of  the  steel  tube  qq,  PI.  i,  8,  per  atmosphere  of  internal  pressure, 
and  then  compare  the  datum  thus  obtained  with  the  result  computed 


Figs.  2,  2«.— Direct  reading  helical  Bonrdon  gaup;e. 

by  aid  of  Tait's  formula.^  From  the  dimensions  ao,  ai,  A  p  given  in 
tuble  1,  it  follows  that  the  increase  of  the  external  volume  of  the 
cylindrical  steel  tube  is  47/10*^  per  unit  of  volume  of  gg,  per  centimeter  of 
displacement  of  the  thread  in  the  capillary  88.  This  corresponds  to  a 
volume  increase  of 

i?/F=. 00000080    ...    (1) 

per  unit  of  volume  of  the  steel  tube,  per  atmosphere. 

Tait  shows  that  in  case  of  internal  pressure  the  changes  per  unit  of 
length  tangentially  to  a  cross  section  of  radius  r  and  longitudinally  for 
any  part  of  the  tube,  are  respectively 


+ 


»nd   ,,  _= 


d^ 


//«?, 


«1 ^G 


1 

ok 


•  Tait:  CliuUcnger  Reports,  Vol.  2,  1882,  Appendix  A,  p.  20. 
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v' 
Heuce  the  increase,  ^^  per  unit  of  volume  of  the  external  surface  of 

the  tube  is 


.     (2) 


Here  S  is  the  displacement  of  the  point  whose  position  is  x  centi- 
meters from  one  end,  and  p  the  change  of  a  point  in  a  right  section, 
originally  distant  r  centimeters  from  the  axis,  //  the  internal  pressure 
in  atmospheres,  and  &  and  n  the  compressibility  and  the  rigidity  re- 
spectively, of  the  steel  employed.  I  take  k  and  n  from  Everett's  tables/ 
as  follows : 

A;  =  1.84x10^*        »==8.2xl0'i 

Inserting  these  quantities  into  the  equation,  there  results 

^=.00000073     ....     (3)  . 

It  appears  at  once  that  this  result  is  of  the  same  order  as  (1).  •  The 
difference  is  probably  due  to  the  constants  k  and  n,  which  Prof.  Everett 
doubtless  found  from  a  high-grade  tool  steel,  whereas  the  above  tubes, 
being  made  of  low  carbon  steel,  are  nearer  wrought  iron  in  their  prop- 
erties. Beyond  this  th^  absolute  gauge  atmosphere  is  not  vouched 
for;  nor  (being  the  mean  value  between  0  and  1000  atmospheres)  are 
the  coefficients  at  the  end  of  table  1  quite  free  from  thermal  discrepancy. 

When  the  observations  are  ma<ie  for  the  purpose  of  measurement, 
there  appears  no  doubt  that  equation  (2)  may  actually  be  utilized  t<i 
obtain  serviceable  values  of  (l/Zf+l/n).  For  instance,  %  may  be  ob- 
tained accurately  by  filling  in  vacuo  with  mercury  and  weighing,  and 
then  from  the  known  specific  gravity  of  the  steel  tube  and  its  weight 
when  empty,  ai  may  be  computed,  p  is  similarly  capable  of  accurate- 
measurement.  Therefore  by  combining  (1)  and  (2),  (l/A:+l/«)  is  meas- 
urable with  the  same  accuracy  with  which  //  is  known. 

21.  Direct  reading^  Bourdon  gauge. — It  is  well  to  insert  my  endeav- 
ors to  adapt  the  Bourdon  gauge  for  high  pressures  and  direct  reading. 
In  order  to  achieve  this  result  it  is  necessary  to  multiply  the  number 
of  coils  as  well  as  to  work  with  flat  tubes.  In  Figs.  2  and  2a,  the 
latter  being  the  plan,  the  former  the  elevation,  1  have  drawn  a  form 
of  apparatus,  with  which  I  obtained  some  results.  It  consists  essen- 
tially of  a  helix,  A  B  C  I)  JS  Fy  the  spires  of  which  do  not  touch  eavh 
other.  The  end  is  provided  with  a  needle  F  S^  moving  over  a  millimeter 
scale  8  8,  supported  by  an  arm  TBS.  This  gauge  is  sc^rewed  directlj- 
into  the  barrel.  Being  entirely  of  iron  and  metal  it  is  very  firm.  The 
spires  are  hammered  flat  by  heating  them  to  redness,  the  tube  being 

>  Everett:  UuiU  and  Physical  Constanta.    Lonilou,  Macmillan,  1870,  p.  53. 
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originaLly  1"»  in  external  diameter  and  5«"»  in  bore.  After  winding 
hot,  the  internal  diameter  of  the  helix  was  found  to  be  somewhat  larger 
than  4«°».  There  were  five  spires  in  all,  and  the  upper  one  £  -F,  with 
it«  needle,  extended  about  a  decimeter  beyond  the  helix. 

The  following  httie  table  gives  the  results  of  a  comparison  with  the 
Bourdon  gauge: 

Table  9. — Comparison  of  Jionrdoit  ganffe  and  the  ttpiral  gauge. 


Boardon. 

Spiral. 

Bourdo]]. 

Spiral. 

Aim. 

Cm. 

Atm. 

Cm. 

0 

000 

800 

1-28 

100 

•17 

700 

lift 

200 

,         -35 

800 

1-87 

:too 

•.■vr 

900 

2-30 

400 

•76 

1000 

KxulodeH. 

500 

..«, 

0 

11« 

Constructing  these  results  graphically  in  Fig.  3,  it  will  be  seen  that 
between  0  and  300  atmospheres,  the  permanent  set  is  not  appreciable. 


t^ 


Mt 


Kyyheri 


O         100     200     300     400     500      600      700     600     000 

FlQ.  i Chart  .showing  the  iicllon  of  thf  lielical  Bourdon  ^aiigc. 

When  pressure  was  taken  off,  the  fiducial  zero  reappeared.  Above  300 
atmospheres,  however,  permanent  set  becomes  very  marked.  The  helix 
was  ruptured  at  1,000  atmospheres,  and  the  new  zero  after  explosion  in- 
dicates the  large  amount  of  permanent  set  during  the  course  of  the 
measurement.  Connecting  the  final  zero  with  the  point  for  900  atmos- 
jAeres,  a  line  is  obtained  nearly  parallel  to  the  line  between  0  and  300 
atmospheres.  The  mean  motion  of  the  index  was  therefore  •0017*"" 
per  atmosphere.  Since  high  pressure  measurement  was  only  contem- 
plated, the  gauge  would  have  been  serviceable  except  for  the  occurs 
rence  of  permanent  set.  The  chief  cause  of  this  insuperable  diflficulty 
is  the  fact  that  to  flatten  the  gauge  it  must  be  heated  to  redness.  By 
so  doing  the  drawn  hardness  and  resilience  is  destroyed,  and  the  soft 
metal  of  the  gauge  then  becomes  useless  for  measurement.  Owing  to 
the  rupturje  of  the  tube  I  did  not  experiment  further,  since  the  coiling 
and  flattening  is  a  tedious  operation.  Clearly  the  gauge  might  be 
used  without  flattening  by  suitably  attaching  a  minor  index.  But  this 
complicates  the  apparatus. 
22.  Concluding  remarks. — I  will  conclude  this  descrii)tion  by  a  few 
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general  remarks  on  the  apparatus  used.  It  is  clear  that  instead  of  a 
single  barrel,  two  barrels,  the  axis  of  one  of  which  is  the  prolongation 
of  the  other,  suggest  themselves.  The  barrels  would  be  used  alter- 
nately, one  being  filled  while  the  other  is  emptied.  Again,  instead  of 
having  the  screw  enter  the  barrel,  good  results  must  also  be  obtainable 
by  forcing  a  cylindrical  shaft  into  the  barrel;  for  the  device  shown  at 
the  end  of  the  bairel  C  (7,  PL  i,  proves  that  the  gasket  of  marine 
glue  is  quite  as  serviceable  for  cylindrical  shafts  as  for  screws.  In 
case  of  a  (cylinder,  however,  the  strain  encountered  in  forcing  in  the 
shaft  would  be  brought  to  bear  on  the  bed  plate,  i.  e.,  outside  of  the 
barrel.  Specially  strong  devices  would  therefore  have  to  be  resorted 
to  in  bolting  down  the  barrel,  etc.  These  would  make  the  apparatus, 
supposing  the  horizontal  form  retained,  much  more  cumbersome.  In- 
deed I  conceived  it  to  be  an  advantage  of  Andrews's  screw,  inasmuch 
as  the  chief  stresses  exist  within  the  compass  of  the  barrel.  The  nec- 
essary provision  against  twisting  is  much  more  easily  applied.  Finally 
I  may  state  that  it  wa«  my  original  object  to  obviate  stuffing  boxes 
altogether,  by  using  a  tinned  'screw  S  T.  The  maximum  of  pressure 
thus  obtainable  far  exceeds  the  limits  of  the  above  screw-compressor 
with  stuffing  boxes.  The  tinned  screw  would  have  this  disadvantage: 
it  would  have  to  be  freshly  coated  whenever  it  became  necessary  to  re- 
fill the  barrel  with  oil,  thus  occasioning  some  loss  of  time.  It  is  a  de- 
vice however,  to  be  kept  in  mind,  since  it  obviates  the  necessity  of 
troublesome  metallic  gaskets,  like  those  used  in  Mousson's  well-known 
steel  nut,  for  instance. 

28.  CiBteris  paribus,  the  labor  necessary  in  producing  the  above  pres- 
sures decreases  nearly  as  the  fourth  power  of  the  diameter  of  the  screw; 
for  friction  and  leverage  both  increase  as  the  radius,  and  the  resisting 
pressure  as  tke  square  of  the  radius.  Similar  advantage  is  gained  by 
increasing  the  number  of  threads  to  the  inch.  Hence,  by  supposing 
the  initial  pressures  to  be  produced  by  a  thick  screw  (diameter  1  inch, 
say)  at  one  end  of  the  ban^el,  and  the  final  pressures  (above  2,000  at- 
mospheres, when  the  inclosed  liquids  have  become  much  more  incom- 
pressible) produced  by  a  thinner  screw  (diameter  half  an  inch,  say) 
at  the  other  end  of  the  barrel,  the  practical  efficiency  of  the  screw  com- 
pressor would  be  increased.  In  such  a  case  the  i>iezometer  tube  must 
be  vertical.  (§  12.)  However,  in  limiting  my  present  work  to  2,000 
atmospheres,  I  have  by  no  means  exhausted  the  power  of  the  above 
machine.  My  purpose  in  doing  so  was  to  avoid  straining  the  gauges- 
I  add,  in  concluding,  that  among  the  facilities  of  the  above  screw  com- 
pressor is  the  almost  micrometric  accuracy  with  which  pressure  can  be 
raised  to  and  maintained  at  a  given  value  for  any  reasonable  length  of 
time. 

24.  The  facility  with  w^hich  the  Tait  gauge  may  be  replaced  by  Ama- 
gat's  manometer,  the  absolute  calibration  of  the  Tait  gauge,  its  availa- 
bility for  the  measurement  of  pressures  indefinitely  high,  and  a]lie<l 
subjects  will  be  considered  in  chapter  iii. 
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OHAPTEE    II. 
THE  ISOMETRICS  OF  LIQUIDS. 

25.  TTtilizing  the  advantages  of  the  screw  compressor  described  in 
the  foregoing  chapter,  I  made  the  following  investigation  on  the  isomet- 
rics of  liquid  matter:  The  nature  of  the  problem  is  clearly  defined  by 
the  results  of  an  earlier  paper/  where  it  appears,  conformably  with  the 
inferences  of  Dupr^,  Levy,  Eamsay  and  Young,  and  Fitzgerald,  that 
liquid  isometrics  are  lines  of  small  curvature.'  It  is  thus  the  purpose 
of  the  present  work  to  investigate  the  amount  of  deviation  from  a 
straight  line  as  accurately  as  possible. 

The  word  "  isometric"  is  used  by  J.  Willard  Gibbs^  in  his  researches 
on  graphic  methods  in  the  thermodynamics  of  fluids.  It  has  the  advan- 
tage of  priority  if  not  of  expressiveness,  and  I  do  not  feel  the  need  of 
withdrawing  "isometric''  for  "isochore,"  as  do  Bamsay  and  Young.* 

APPARATUS. 

86.  dmstant  volume  tube, — The  criterion  for  constant  volume  is  to  be 
given  by  a  reliable  electric  contact.  The  liquid  whose  isometrics  are 
to  be  determined  is  inclosed  in  a  tube  of  constant  volume,  of  the  form 

^.-: — ^o^ l^^ymc^ ^^'^ - •*^*^- *^^* 

Fig.  4.— Constant  rolnme  tube;  longitudinal  section. 

shown  in  Figs.  4  and  5.  This  tube  consists  of  three  parts,  a  reservoir  ef 
and  two  capillary  stems  ed  and  da  separated  by  an  erilkrged  portion  d. 
A  platinum  wire  c,  passing  through  the  walls  of  the  tube,  enters  the 
cavity  d,  for  the  purjwse  of  securing  electric  contact,  as  shown  in  Fig.  5. 
The  dimensions  of  the  tube  are  given  in  Fig.  4,  and  the  choice  made  is 
such  as  to  admit  of  its  easy  introduction  into  the  steel  piezometer 
tube  uuj  chap,  i,  PI.  i.  Fig.  6. 

Fig.  5  (diagram)  shows  the  tube  ready  for  use.  The  end  of  the  tube 
0  is  sealed,  holding  the  platinum  wire  mm,  which  passes  quite  through 
the  reservoir  ef  into  the  capillary  stem.    The  substance  having  been 

iBnll.  XT.  S.  G«ol.  Survey,  No.  92, 1892,  ohap.  i,  p.  54. 

*Ani.  Joor.,  8d  ser.,  vol.  89, 1890,  pp.  497  et  seq. 

•Gibbs:  Trans.  Connecticut  Acad.,  vol.  il  (2),  p.  311, 1873;  cf.  Ibid.,  p.  882. 

«ltamsay  and  Young:  PhU.  Mag.  (5),  vol.  23,  p.  435,  1887. 
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introduced  into 
adjoiuing  stem. 


-Z-? 


ef^  completely  fills  this  space  and  about  one-half  of  tbt- 
The  remainder  of  the  tube  is  filled  with  mercury  Ai, 
care  being  taken  to  guard  against  inclusions  of  air. 

The  tube  thus  adjusted  is  inserted  into  the  piezo- 
meter, and  the  termintil  c  put  in  metallic  connection 
with  the  walls  of  the  steel  tube,  nea,r  F,  PI.  i.  XIj*- 
terminal  ml  is  insulated  by  a  glass  tube,^  and  aft«- pass- 
ing through  the  piezometer  into  the  barrel,  is  tlierf 
put  in  metallic  connection  with  one  of  the  vertii^al 
screws  M.  It  will  be  remembered  the  barrel  and  pk- 
zometer  are  not  in  electric  contact.  A  serviceable  way 
of  connecting  the  terminal  with  the  barrel  is  shown  in 
Fig.  6,  where  BB  is  part  of  the  wall  of  the  barrel  N 
is  a  perforated  screw,  slotted  on  its  upi>er  fece,  s»» 
that  it  can  be  inserted  or  removed  easily.  The  end 
of  the  terminal  to  is  passed  through  the  hole  in  &  ami 
then  coiled  helically,  as  shown  in  the  figure.  The 
tinned  screw  3/  is  now  inserted  so  as  to  bind  the  helix 
between  its  lower  fac».e  and  S.  This  insures  electric 
contact.  A  similar  device  is  utilized  at  T,  PL  i,  Fi^.  6, 
and  the  glass  tube  is  thus  held  in  horizontal  jiosition 
within  the  steel  piezometer  tube,  by  aid  of  its  two 
tense  terminals. 

Before  introducing  the  constant  volume  tube,  both 
piezometer  and  barrel  must  be  quite  filled  with  oil,  and 
the  screws  M  and  F,  PL  i,  are  to  be  so  fastened  tbat 
air  may  be  as  far  as  x>ossib]e  excluded. 

27.  Manipulation, — Supposing  the  constant  volume 
tube  in  place,  surrounded  with  oil,  the  screw  iS^' 
(PL  I)  is  forced  in.  ,  The  pressure  thus  brought  U) 
bear  uniformly  on  all  parts  of  the  tube,  moves  tbe 
thread  of  mercury  inward  by  an  amount  correspond 
ing  to  the  compression  of  ef.  Eventually,  therefore, 
the  meniscus  near  k  and  the  sharp  end  of  the  plati- 
num terminal  near  m  come  into  electric  contact  Now, 
as  barrel  and  piezometer  are  in  a  simple  circuit,  inchid 
ing  a  suitable  galvanoscope  and  a  battery,  a  deflection 
in  the  galvanoscope  occurs  at  the  moment  of  contact.* 
This  method  of  registration  is  very  sharp  and  thor 
oughly  reliable.  Pressure  is  applied  by  means  of  a 
screw,  and  can  be  diminished  or  intensified  with  great 
nicety.  Hence  the  position  of  the  meniscus  k  can  bt* 
controlled  with  almost  micrometric  precision,  e^^n 
when  the  pressures  are  as  high  as  2,000  atmospheres. 


tJ  - 


Fia.  5.— ConHtant  vol- 
ume tube;  diagram. 


I  Rubber  and  other  similar  initalations  are  fused  or  dissolved  at  bi|;h  pr*^- 
sure,  and  are  therefore  unsuitable. 

•Devices  of  this  kiud  hare  beeu  much  iM«d  by  WeiohoM,  CraAs,  MeadcD- 
haU,  and  other..  ^^igiffzed  BT  ^ 
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When  the  macbine  is  in  satisftictory  adjuwtment  contact  can  be  made 
and  broken  at  km  without  apparent  variation  of  pressure,  the  diflfer- 
ence  being  in  fractions  of  an  atmosphere.  The  delicacy,  however,  de- 
pends on  the  relative  caliber  of  capillary  tube  and  reservoir  tube. 

To  avoid  breakage  of  the  thread  Jc  on  being  forced  through  m,  the 
fiee  end  must  be  made  as  fine  as  practicable  (-Ol^"*  in  diameter,  say). 
Hence  it  is  advisable  to  weld  a  fine  wire  to  the  relatively  thick  terminal 
m  (diameter  0'5*»»").     . 

28.  In  passing  from  one  constant  temperature  to  another,  care  must 
be  taken  to  avoid  the  mercury  thread  from  being  forced  either  out  of 
the  tube  or  into  the  reservoir.  This  may  be  done  by  keeping  the  me- 
niscus k  always  very  nearly  in  contact  with  m.  Henc^,  when  a  vapor 
bath  is  attached  and  the  burner  started,  pressure  is  increased  in  such 
a  way  as  to  keep  the  contact  just  made.  On  the  other  hand,  when  tem- 
perature decreases,  pressure  is  relieved  in  such  a  way  as  just  to  keep 
the  contact  broken. 

29.  When  the  series  of  isometrics  are  to  bo 
mapped  out,  the  volume  of  liquid  between 
the  meniscus  k  and  the  sliarj)  end  of  m  is 
suitably  changed.  This  volume  may  be  con- 
ceived as  either  ]>ositive  or  negative.  In  the 
latter  case  the  wire  m  penetrates  the  thread 
k.  The  advantage  of  such  an  arrangement 
is  shown  below. 

30.  Method  of  filling. — When  the  substance 
to  be  comi)ressed  (e/,  Fig.  5)  is  liquid  at  ordi- 
nary temperatures,  like  ether  or  water,  the 
tube  may  easily  be  filled  without  an  air  pump,  ~  ~^f  . 

,/  nn^  .  -i  ,.,       Fia.  «.— Method  of  ffwtening  the 

by  making  use  of  filamentary  glass  tubes  with  terminals. 

enlarged  ftinnel-shaped  heads.  The  filamen- 
tary end  is  introduced  at  a  and  pushed  down  to  the  bottom  (/,  suppos- 
ing the  tube  a^  to  be  vertical  and  a  uppermost.  The  liquid  is  allowed  to 
run  throughthe  funnel,  the  top  of  which  is  kept  filled  until  the  reservoir 
ef  and  adjoining  capillaries  eda  are  quite  filled.  The  operation  is  not 
stopped  however  until  tbree  or  four  times  as  much  liquid  has  run  through 
efsbS  is  necessary  to  fill  it. 

The  tube  is  now  tipped  nearly  horizontal  and  mercury  i)assed  into 
the  bulb  d  by  aid  of  similar  fimnel  cai)illaries.  The  thread  is  then 
pushed  forward  from  d  into  de  by  aid  of  an  empty  glass  filament,  by 
successively  draining  off  small  parts  of  the  liquid  in  rfe,  until  the 
meniscus  k  has  the  desired  proximity  to  m, 

31.  The  greatest  care  must  be  taken  to  have  all  parts  of  thQ  tube  per- 
fectly clean,  to  use  i^ure,  fresh  mercury,  and  to  avoid  rubber  connections 
or  other  material  impregnated  with  sulphur,  I  find  it  desirable  to 
draw  off  the  mercury  in  abd  by  aid  of  a  fine  tube  and  a  jet  suction  pump, 
and  thus  to  thoroughly  dry  out  this  part  of  the  stem.    Fp^h  mercury 
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is  then  poured  in  through  the  glass  filament  until  the  tube  is  again 
full. 

When  the  mercury  appears  dead  or  fails  to  move  as  an  unbroken 
column  the  tube  ia  worthless.  The  cause  of  this  by  no  means  infre^iuent 
annoyance  is  usually  found  in  the  presenceof  sulphurous  dirt  in  the  tubes 
or  of  sulphide  in  the  sample  liquid.  It  is  advisable  therefore  to  use 
fresh  tubes  only, 

32.  When  the  substance  is  solid  like  thymol  or  diphenylamine,  it 
must  be  introduced  by  aid  of  an  air  pump.  For  this  purpose  a  wide 
glass  tube  about  20«"  long  is  fused  to  the  end  a,  Fig.  5.  Into  this  the 
solid  substance  is  put,  after  which  the  open  end  of  the  wide  tube  is 
drawn  out  to  a  filament  and  connected  with  the  air^ump.  After  the 
exhaustion  of  the  system  the  solid  is  fused  with  a  burner  and  allowed  to 
run  down  into  ef.  The  operation  must  be  repeated  many  times  and  use 
made  of  vacuum  ebullition  to  expel  the  last  traces  of  air.  The  thread 
of  mercury  is  introduced  in  the  way  already  stated  (§  30),  except  in  so 
far  as  it  is  essential  to  keep  the  tube  in  a  warm  bath  to  prevent  solidi- 
fication. Wlien  in  adjustment  it  is  inserted  into  a  hot  piezometer  t«be. 
These  oj^erations  call  for  much  skill  on  the  part  of  the  operator.  If 
solidification  occurs  the  mercury  thread  is  drawn  down  into  the  bulb  in 
consequence  of  the  large  volume  contraction,  and  the  charge  is  therefore 
lost. 

33.  Vapor  baths, — In  order  that  the  isometrics  may  be  sharply  traced, 
temperature  must  be  regulated  to  a  nicety.  This  is  not  easy,  seeing 
that  the  metallic  piezometer  tube  is  a  good  conductor.  Hence  the  forms 
of  vapor  baths  used  in  my  earlier  similar  works^  are  not  applicable 
here.  It  is  essential  that  vai)or  be  directly  in  contact  with  the  sur&ce 
of  the  piezometer  tube  and  that  the  reservoir  of  the  constant  volume 
tube  be  at  a  distance  of  3  or  more  centimeters  from  the  end  walls  of 
the  bath. 

Substances  useful  for  vapor  baths  are  methyl  alcohol,  60^;  water, 
lOOO;  amyl  alcohol,  130^;  turpentine,  160°  5  naphthalene,  215°;  benzoic, 
acid,  250° 5  diphenylamiue,  310^5  phenanthren,  350^,  and  others 
These  form  a  convenient  series.  They  admit  of  being  boiled  in  a  brazed 
copper  vessel  and  decompose  very  slowly.  The  fiducial  or  initial  temper- 
ature is  obtained  by  allowing  a  current  of  water  fi-om  the  hydrant  to 
circulate  around  the  piezometer  tube. 

At  temperatures  above  200°,  the  form  ffff  shown  in  PI.  r,  6,  is  serv- 
iceable. The  tubulures  hh  through  which  the  piezometer  passes  may 
be  closed  with  perforated  cork  stoppers.*  At  higher  temperatures  hh  are 
screw  stuffing  boxes,  securing  asbestos  jackets.  The  vapors  issuing 
from  yy,  the  ebullition  liquid  (usually  solid  at  ordinary  temperature),  are 
condensed  in  a  lateral  tube  (not  shown)  and  run  ba<5k  into  the  Avmnffff* 
The  thermocouple  is  inserted  through  g. 

» Bull.  U.  S.  Geol.  Surv.  No.  92,  p.  22;  Am.  Journal  Sci.  (3),  rol.  39,  p.  482, 1890. 
»  Babber  stoppen  melt  anU  are  otherwiBe  very  objectionable  above  M^. 
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31  At  tejipiratiire  below  200^,  this  form  of  vapor  bath  is  not  con- 
venient, siace  the  substance  yy  is  usually  liquid  and  too  easily  spilt. 
Moreover  the  degree  of  constant  temperature  obtainable  in  the  drum 
ffff'i^  probably  insufficient.-  I  therefore  employed  the  circulating  sys- 
tem shown  in  Fig.  7.  Vapor  is  introduced  into  the  drum  j^JT  from  the 
boiler  i.  and  the  influx  pipe  B.  It  is  condensed  in  the  tube  C  C  carry- 
ing the  cold  wat^r  jacket  D  D.  The  condensed  liquid  falls  into  the 
funnel  E,  which  is  cylindrical  and  thus  subserves  the  purpose  of  a  water 
ga.uge.  The  piezometer  tube  is  shown  at  U  u  u  C^with  the  consta,nt 
volume  tube  adeg  in  place.  G  and  G  are  cold-water  jackets  surrounding 
UU to  prevent  the  spread  of  high  temperatures  along  the  tube.    A 


ingle  current  of  water  (issuing  from  the  gauge  jacket,  PI.  i,  8,  above) 
a^ses  through  G,  2>,  and  G.  This  current  is  shunted,  so  that  G  D  G 
111  be  cut  out  at  pleasure  and  the  vapor  bath  removed  or  replaced  by 
circulating  water  bath.  It  is  to  be  noted  that  the  parts  of  the  vapcu' 
\th  are  rigidly  connected,  so  that  it  can  be  rapidly  withdrawn  as  a 
liole.  JET  is  a  suitable  electric  clamp,  corresponding  to  the  other  terrai- 
tl  K.  All  parts  of  the  vapor  bath  are  heavily  jacketed  with  asbestos. 
It  is  necessary  that  the  vapor  baths  slide  off'  and  on  easily.  Any 
oleiit  jarring  of  the  piezometer  tube  will  break  the  thread  in  the  glass 
be  within. 

35.  Method  of  cooling  piezometer. — To  cool  the  tube  1717  after  the  vapor 
til  lias  been  removed,  it  is  convenient  to  oil  the  piezometer  with  vasel^ 
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line.    The  jacket  G  may  then  be  slid  to  and  fro  very  rapidly  at  first- 
care  l)eing  taken  to  relieve  the  pressure  in  proportion  as  the  tabeco^^lx 

36.  Method  of  temperature  memurement, — For  the  meiisuremeiit  of 
temperature  I  used  a  platinum  platinun>-iridium,  thermocouple,  the 
electromotive  force  of  which  was  expressed  in  terras  of  the  torsion  of 
the  platinum  fiber  which  suspended  the  |j:iven  astatic  system.  The  t4ir 
sion  galvanometer  serviceable  for  thermo-electric  work  I  have  aJreatly 
described  elsewhere,'  To  calibrate  this  apparatus  the  boiling  points  of 
water  and  of  mercury  were  first  used.  Finally  I  made  elaborate  vtm- 
paris(ms  with  the  reentrant  glass  air  thermometer.    §§  48-50. 

37.  Metlwd  of  pressure  measurement. — Pressure  was  measured  in  tennv 
of  the  expansion  of  a  given  cold-drawn  steel  tube,  as  detailed  in  chapter  i. 

It  is  needless  to  say  that  the  factor  of  the  gauge  was  frequently 
checked  during  the  course  of  the'  work.  A  small  sensitive  300-atmos 
phere  Bourdon  gauge  with  a  tinned  screw  connection  is  very  convenieoi 
for  this  purpose.  About  twenty  or  thirty  minutes  were  allowed  to  se 
cure  isothermal  conditions  both  for  the  gauge  and  the  piezometer  tube. 
Leaks  of  the  apparatus  must  be  so  far  a«  possible  avoided,  inasmuch 
as  continued  pumping  changes  the  thermal  state  of  the  liquids  operattMi 
on  and  is  therefore  a  fertile  source  of  error. 

PBKLIMINARY  RESULTS. 

37.  Data  for  ether. — The  data  of  Tables  10  and  11  were  obtained  in 
the  earlier  experiments.  Although  neither  the  gauge  nor  the  therm**- 
couple  was  remarkably  sensitive,  these  results  bear  directly  on  the 
matter  below  and  must  therefore  be  inserted.  P  and  B  are  correspond 
ing  values  of  pressure  and  temperature,  such  that  the  volume  of  ether 
remains  constant.  Two  or  three  observations  were  made  for  each  datum, 
allowing  five  minutes'  time  per  observation.  This  is  essential  where 
isothermal  conditions  are  to  be  guaranteed.  So  far  as  these  observa- 
tions go,  the  corrections  for  volume  changes  of  glass  are  negligible. 
During  the  first  five  series,  extending  over  an  interval  between  March 
14  and  19  the  constancy  of  the  fiducial  pressure  (at  about  10^)  is  to  be 
noted.  In  the  remaining  series  it  was  not  always  possible  to  regain 
the  fiducial  pressure,  owing  to  accidents. 

Tarlk  10. — THometries  of  ether,     PreUmhiartf  rcsulU, 
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Table  10. — Isometrics  of  ether,    PreUminarif  results — Con  tinned. 


P. 

e.  !!  P. 

e. 

Atm. 

OCT. 

Atm, 

276 

9-4 

101 

9-8 

-280 

»-9 

647 

66 

646 

67 

277 

9-8 

1     972 

io:< 

1502 

127 

966 

103 

1510 

128 

1080 

119 

1482 

123 

1063 

121 

1480 

128 

51 

100 

270 

9-7 

1443 

155 

1436 

158 

278 

10-8 

91 

10-9 

875 
868 
874 
286 

04 
66 
65 
.9-7 

80 
608 
611 
613 

XO-3 
66 
66 
66 

614 

66 

14 

9-8 

614 

65 

545 

67 

925 

90 

545 

67 

924 

101 

859 

102 

921 

101 

857 

102 

920 

101 

919 

.  100 

65 

10-6 

84 

10-3 

595 

64 

1112 

119 

602 

64 

1112 

120 

597 

63 

1380 

153 

1421 

156 

71 

10-8 

1451 

161 

912 

101 

1446 

1C2 

914 

100 

76 

10-8 

04 

11-2 

627 

66-5 

156 

10-8 

630 

66-4 

1087 

114 

926 

98-8 

1004 

115 

024 

98-5 

Tablk  11.— Digest  of  these  data. 


Ap 

e 

0 

9-9 

670 

66 

893 

103 

996 

120 

1369 

156 

0 

10-3 

530 

66 

840 

100 

lorjo 

120 

i:i42 

158 

0 

11-2 

534 

66 

831 

99 

38.  JHscmsion, — In  the  digest,  Table  11,  the  coordinates  have  been 
shifted,  so  that  the  fiducial  pressure  and  temperature  are  now  zero. 
The  graphic  representation,  Fig.  8,  shows  a  distribution  of  points  lying 
very  closely  along  straight  h'nes.  So  far  as  these  data  go,  therefore, 
the  linear  character  of  the  isometrics  is  maintained.  Tlie  rates  per  at- 
mosphere are  respectively  •OO.iO,  -lOTo,  -100^,  -lOJo. 
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DEFINITE  RESULTS. 


89.  Apparatus  improved.T-^ith  the  above  data  in  hand  I  cndesv- 
ored  to  carry  the  discrimination  one  step  further  by  increa^ng  tbc 
sensitiveness  of  both  the  pressure  gauge  and  the  thermocouple. 


Fio.  8.  — laomctrics  of  etbor;  preUminary  results. 


Using  the  same  steel  tube  for  the  registration  of  pressures  by  Hookers 
law,  as  before,  the  gauge  was  made  much  more  delicate  by  decreasing 
the  caliber  of  the  capillary  measuring  tube   (m,  PL  i,  6),  and  by 
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making  use  of  a  more  close-fitting  glass  jacket  tt  than  before.  The  re- 
sults have  already  been  shown  (§§  15  to  19).  Apart  from  errors  due  to 
viscosity  and  thermal  effects,  the  gauge  was  sufficiently  sensitive  to 
register  fractions  of  an  atmosphere  at  2,000  atmospheres. 

Particular  care  was  taken  to  redetermine  the  initial  pressure  corre- 
sponding to  the  initial  or  fidacial  temperature  (about  15^),  before  and 
after  each  high  temperature  observation.  This  is  a  certain  chec£  on 
the  validity  of  the  results  obtained. 

Again  the  temperature  measurement  was  made  more  delicate  by  in- 
serting a  finer  platinum  fiber  in  the  torsion  galvanometer.  Statistics 
wiU  be  given  below. 

At  least  ten  minutes  were  allowed  for  each  datum  of  pressure  and 
temperature  given.  In  proportion  as  the  second  of  any  two  measure- 
ments made  at  a  given  temperature  coincides  with  the  first,  the  infer- 
ence is  warranted  that  the  thermal  effects  of  compression  are  fully  dis- 
sipated. The  observation  at  any.  temperature  therefore  lasted  twenty 
or  thirty  minutes. 

40.  Notation. — The  notation  is  as  follows: 

W^j  deflection  in  degrees  of  arc  observed  at  the  torsion  galvanometer; 

tj  temperature  of  the  cold  junction  of  thermocouple; 

n^,  correction  by  which  IP^  is  reduced  to  N^,  the  deflection  which 
would  be  observed  at  the  torsion  galvanometer  if  ^  =  20°; 

By  temperature  of  the  vapor  bath  surrounding  the  piezometer  tube. 
9  is  computed  from  JV*^.  B  is  therefore  the  temperature  of  the  reservoir 
of  the  constant  volume  tube. 

JV ,  reading  in  centimeters  observed  at  the  capillary  tube  of  the  pres- 
sure gauge. 

p,  pressure  corresponding  to  N"  in  atmospheres.  Hence ^i  is  the  pres- 
sure bearing  on  the  substance  in  the  constant  volume  tube; 

Apj  d9,  pressure  and  temperature  obtained  by  shifting  the  coordi- 
nates, so  that  the  initial  pressure  and  temperature  may  be  zero. 

41.  Data  for  ether. — ^Table  12  contains  fifteen  series  of  observations 
made  with  ether.  Series  in  which  the  constant  volume  tube  and  con- 
tents were  changed  are  separated  by  heavy  lines.  It  is  necessary  to 
consider  these  data  somewhat  in  detail.  Each  series  contains  at  least 
one  observation  at  the  boiling  point  of  water.  Since  the  barometer 
was  also  noted,  the  data  for  the  final  reduction  of  the  values  8  are  at 
hand— cf.  §§  48  et  seq. 

The  first  eight  series  need  but  little  comment.  In  the  first  the  gauge 
reading  for  jp  =  0  was  —  l.OO''";  in  the  second,  third,  fourth,  fifth  it  was 
—  2.00«™;  in  the  sixth,  —  3.50°";  in  the  eighth,  1.70«™.  Inasmuch  as 
the  relation  between  p  and  v  is  nearly  linear,  the  gauge  reading  for 
^  =s  0  is  of  secondary  importance.  Owing  to  accidents  the  fiducial  read- 
ing was  lost  at  the  end  of  the  sixth  and  eighth  series. 

42.  Comparing  the  first  eight  series  with  the  remaining  seven,  it  is 
Been  that  the  fiducial  pressure  is  very  much  more  constant  in  the 
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farmer  than  in  the  latter;  for  the  reading  at  the  initial  temperature 
iu  the  one  case  does  not  vary  more  than  5  or  10  atmospheres;  whereas 
in  the  other  the  variation  is  as  large  sis  100  atmospheres.  The  cause 
of  this  discrepancy  is  a  strain  permanently  imparted  to  the  gauge  at 
the  end  of  the  eighth  series,  where  it  was  necessary  to  work  the  machine 
with  great  violence  and  much  above  the  pressure  given,  to  counteract 
an  accidental  leak.  Hence  in  constructing  J^^  for  these  series  (9  to 
15)  I  deduct  the  fiducial  pressure  preceding  and  following  any  pair  of 
high  tycmperature  data  from  the  first  and  last  of  these  data  respectively. 
In  this  way  the  viscous  error  of  the  gauge  is  eliminated.  Of  the  two 
values  of  Ap  thus  obtained  at  each  temperature,  the  latter  is  the  more 
nearly  correct,  since  it  has  been  coordinated  with  the  fiducial  pressure 
immediately  following  it.  As  the  work  proceeds,  that  is,  in  the  thir- 
teenth, fourteenth,  and  fifteenth  series,  the  fiducial  pressure  is  again 
more  nearly  constant,  showing  a  gradual  increase  of  the  viscosity  of 
the  gauge. 

43.  In  the  ninth  and  tenth  series,  p  =  0  is  at  —  .70*";  in  the  eleventh, 
at  —  .30'-;  in  the  thirteenth,  fourteenth,  and  fifteenth,  at  .50-.  The 
last  three  series  (13-15)  were  obtained  with  the  same  tube,  and  the 
work,  done  continuously,  was  throughout  very  satisfactory.  Moreover 
the  change  of  fiducial  pressure  still  marked  in  series  thirteen  becomes 
of  less  prominence  in  the  last  two  series.  These  therefore  were  se- 
lected for  the  digest  below, 

44.  Method  of  purifying. — ^The  ether  employed  was  thoroughly  dried 
with  sodium,  and  then  distilled  in  a  small  flask  at  a  temperature  only 
slightly  above  the  boiling  point.  All  parts  of  the  condenser  tube  and 
flask  were  fused  together,  and  rubber  connections  were  scrupulously 
avoided.  The  distillation  was  frequently  repeated,  and  the  ether  then 
at  once  used  for  filling  the  constant  volume  tube.  I  can  not  guarantee, 
however,  that  the  ether  after  being  introduced  in  the  tube  was  quite 
free  from  water;  for  during  the  necessary  manipulations  some  absorp- 
tion of  water  out  of  the  air  was  unavoidable. 

45.  Observations  for  ether. — The  data  for  ether  are  as  follows: 


Table  12 

— Isometrics  of  ether.     Observations, 

A"». 

t. 

°c. 

Cm. 

Cm. 

—  -54 
4-16-67 
+16-86 

—  -70 
+27-20 
-+27-29 
--     -50 

0, 

p. 

Attn. 

id 
512 
517 

36 
800 
803 

41 

^V 

Ajp. 

Atf.   i 

O 
I. 

4115 
4132 

<=>C. 
15-1 
67-5 
67-6 
15-5 
99-5 
99-6 
15-5 

OC. 

Atm. 

0 
474 
479 

0 
762 
765 

0 

•0 
53-2 

52-a 

•0 
81-0 
841 

•0 

22-2 
22-3 

•192 

•200 

4-307 
4-332 

7-191 
7-209 

22-3 
22-3 

•200 
•200 

7-391 
7-400 

II. 

13-115 

13-176 

^=r_^^ 

-.     -23 
+45-89 
+4612 
-     -10 
+28-01 
+2800 
+  17-59 
+17-61 
_     -69 

15-4 
157-9 
158-8 
15-5 
99-2 
98-8 
67-2 
67-3 
15-0 

48 

1,312 

1.318 

52 

822 

822 

537 

537 

30 

0 

1, 272 

1,278 

0 

778 

778 

493 

493 

Hhy  V^^ 

•0 
142-4 
143-3 

*0 

83-5 

51-9 

&20 

-0 

OC 

2:i-i 

23-7 



•270 
•321 

13385 
13-407 

6-946 
8-8iK) 
3-K49 
3-849 

24-8 
25-0 
250 
25-0 

-418 
•4g8 
•438 
•438 

7-364 

7-828 
4-"287 
4-287 

r)igiti7f 

o 
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Table  12. — U&metrics  of  ether.     Observation 9— Contmxie^^ 


III. 

7132 
7-100 

t. 

n^. 

'»' 

e. 

*v- 

p. 

A«. 

^P- 

1 

15-9 
99-5 
99*0 
15-9 

1.55 

28-95 

2903 

1-20 

1-18 

53-56 

53-65 

-90 

~^~~^0~ 
•      53-51 
53-38 
5306 

—  04 
27-97 
27-97 

—  -08 

44 
793 
795 

3:^ 

32 
1,467 
1,470 

25 

if 

1,521 

1,517 

1,509 

54 

821 

821 

53 

•0 
83-6 
831 

•0 

0 
755 

757 
0 

22-0 
23-0 

■+•254 

•262 



7^386 
7-362 

""iTf^ 
15-337 
15-390 

— ^  -  — 



16-2 

178-7 

179-2 

162 

185-7 
186-4 
187-3 
15-8 
99-8 
99-5 
15-9 

16-0 
98-2 
98-2 

162-5 
163-0 

•0 

"o~ 

1,439 
1,442 
0 

0 

l,4r2 

1.468 

1,160 

0 

767   ' 

768 

0 

23-8 
23-8 

•333 
-333 

15-670 
15-723 

^  v; 

16-403 
16-466 
16-536 

—     - 

---  ^=^- 

--    -- 

'  ~    -0 
1698 
170-5 
171-4 
•0 
83-9 
83-6 
.0^ 

-0 
82-2 
82-2 

20-8 
20-9 
21-1 

-068 
•076 
•095 

i"6-47i 
16-541 
16-631 

7-297 
7-282 

21-3 
21-3 

•ii2 

•312 

7-409 
7-394 

'      VI. 
7-294 
7-29» 

VII." 
7-C83 
7068 
4-f65 
4-074 

-  -  - 

... 

-uo 

28-50 

28-62 

06 
879 

880 

0 
783 

784 

20-7 
20;7_ 

•059 
•059 

7-353 
7-353 

18-0 
97-7 
97-5 
67-1 
67-4 
16-2 

-  1-20 
28-88 
2701 
16-81 
16-87 

—  •o? 

63 
832 
835 
556 
558 

69 

•0 
81-6 
81.4 
51-0 
51-3 

-0 

0 
767 
770 
491 
493 

0 

22-5 
22-6 
22-6 
22-6 

•218 
•226 
•226 
•226 

7-301 
7-294 
4291 
4-300 

-viTi— 

7144 
7-118 
20-150 
20044 

~  IX. 
3-893 
3-926 

.      8-890 
6-911 

- 

-     -- 



10-4 
08-1 
980 
219-5 
2196 

~     16-5' 
66-9 
67-0 
97-4 
97-5 
16-7 

+     -98 
29-51 
29-55 
65-31 
65-20 

H-  4-94 
23-51 
23-73 
3491 
3501 

+  6-38 

73 

854 

856 

1,836 

1,833 

■^  T5T 
663 
669 
976 
978 
fl94 

•0 

81-7 

816 

203-01 

203-2 

0 

781 

783 

1,763 

1,760 

22-2 
22-4 
22-8 
22-9 

•192 
•209 
•243 
-251 

7-336 
7-327 
20-293 
20-295 

-0 
50-3 
60-4 
80-8 
80-9 

•0 

0 
609 
515 
822 
824 

23-9 
23-9 
24-2 
24-3 

•342 
-342 
•367 

•375 

4-235 
4-268 
7-267 

7-286 

1 

^e- 

^'e- 

t 

n^. 

.. 

^P- 

A0. 

P- 

Ap. 

X. 

7-303 
7-309 

16-6 
99-5 
99-8 
16-5 

~    16-6^ 
68-0 
68-0 
99-2 
990 
16-6 

1-18 
28-33 
28-4r 

1-48 

0 
83-0 
83-3 

0 

32 
776 
778 

40 

0 

-740 

742 

0 

210 
21-2 

•087 
•104 

7-390 
7-413 

"    XI.  ~ 
4-206 
4-177 
7191 
7-180 

-  ■ 

1-60 

18-91 

.      18-96 

2914 

2920 

2-28 

0 
51-4' 
51-4 
82-6 
82-4 

0 

44 
518 
520 
798 
800 

62 

0 
465 
467 
746 

747 
^       0 

22-6 
22-2 
22-2 
22-2 

•175 
•192 
•192 
-192 

4-381 
4-360 
7-383 
7-372 

XII. 
4133 
4136 
7071 
7080 

-     — -- - 

..-. 

-    - 

16-6 

67-9 

680 

98-5 

98-8 

16-6 

156-3 

1576 

18-7 

1820 

182-0 

16-7 

2-82~ 

2010 

20-15 

•     30-19 

30-34 

3-58 
60-61 
50-64 

0-59 
56-74 
66-71 

6-87 

1-61 
17-86 
17-88 
27-59 
27-61 

2-05 
45-52 
45-52 

2-78 
62-60 
62-59 

3-81 

0 

61-3 

51-4 

81-9 

82-2 

0 

139-7 

140-9 

0 

165-3 

165-3 

0 

0 

49-9 

50-0 

79-8 

79-8 

0 

138-5 

138-2 

0 

198-7 

198-7 

0 

77 

651 

852 

827 

831 

98 

1387 

1388 

180 

1555 

1554 

189 

0 

463 

464 

739 

743 

0 

1289 

1208 

0 

1370 

1369 

0 

22-4 
22-5 
22-7 
22-8 


•209 
•219 
•224 
•243 

4-342 
4-355 
7295 
7-323 

12-981 
13077 

231 
23-2 

-270 
•279 

13-231 
13-366 

15-722 
15-725 

23-3 
23-4 

-287 
-296 

16009 
16021 

xin." 

4-033 
40:i3 
6-896 
6-896 

-=--^^- 

- 

17-6~ 

67-5 

67-6 

97-5 

97-5 

17-7 

156-2 

156-0 

17-8 

216-5 

216-6 

17-9 

44 

489 

490 

7.56 

757 

56 

1247 

1247 

76 

1715 

1715 

104 

{ 

0 

439 

440 

706 

707 

0 

1191 

1171 

0 

1639 

1611 

1-           « 

23-2 
23-3 
23-5 
23-8 

•279 
-287 
-306 
•313 

4-312 
4-320 
7-202 
7-209 

12-834 
12-822 

24-2 
24-2 

•367 
•367 

13-201 
13-189 

10-540 
19-540 

24-8 
24-9 

•418 
•426 

19-958 
10-960 
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Table  12. — laonvetrios  of  ether,     Observations^Continned, 


^e- 

t. 

»»»• 

^•• 

». 

*,. 

P- 

A0. 

Ap. 

XIV. 
7-U7 
7132 

17-8 

98-2 

98-0 

180 

218-8 

218-8 

18-1 

67-8 

68-0 

^18  1) 

167-8 

167-9 

17-9 

3-80 
29-79 
29-86 

4-29 
64-30 
64-30 

519 
2114 
2114 
(6-20) 
49-04 
49-06 

6-39 

104 

816 

819 

118 

1761 

1761 

142 

579 

679 

(142) 

13U 

1344 

148 

0 

80-4 

80^0 

0 

2008 

200-7 

0 

49-7 

49-9 

0 

139-7 

140-0 

0 

0 

712 

701 

0 

1643 

1619 

0  1 

21-2 
21-3 

•104 
•112 

7-261 
7-244 

20080 
20071 

21-7 
21-8 

-146 
-155 

20-226 
20-226 

4144 
4147 

22-2 
22-3 

•192 
•200 

4-336 
4-347 

4^! 

437  1 

0 

13177 
13194 

22-3 
22-3 

•200 
•200 

13-377 
13394 

1202 
1196 

0  1 

XV. 
20-371 
20  353 

17-4 

220-2 

2200 

17-4 

991 

98^8 

17-4 

691 

69-4 

174 

1580 

158-3 

17-4 

4-18 
64-17 
6416 

4-23 
80-83 
80-84 

4-45 
21-37 
2136 

4-43 
48-93 
48-98 

4^86 

lU 

1758 

1758 

116 

845 

845 

122 

686 

585 

121 

1341 

1342 

133 

0 

202-8 

202-6 

0 

81-7 

81^4 

0 

51-7 

620 

0 

140-6 

140-9 

0 

0 
1644 
1642 

0 
729  , 
723 

0 
464 
464 

0  1 

200 
200 

0 
0 

20-371 
20-353 

7-312 
7285 

20-8 
20-8 

•068 
008 

7-380 
7-333 

4-397 
4-415 

210 
210 

•087 
•087 

4-484 
4-502 

13-306 
13-330 

21-2 
21-3 

•104 
•112 

13-4i6 
13-442 

1220  . 
1209  ' 

0  : 

1 

i 

46.  Observations  for  aUoliol, — Table  13  contains  data  for  alcohol  cor- 
responding to  tliose  already  given  for  ether.  The  two  series,  obt4iiued 
with  the  same  tabe  on  successive  days,  are  satisfactory  throughout. 
The  arrangement  of  data  has  been  alrea(ly  explained. 

The  alcohol  used  was  kindly  furnished  me  by  Dr.  Stokes.  I  redis- 
tilled it  over  lime  in  small  quantities  immediately  before  filling  the 
constant  volume  tube.  Nevertheless  some  absorption  of  moisture  from 
the  air  during  the  manipulations  was  not  avoidable. 

Table  13. — laometncs  of  alcohol,     Obaervatione, 


N',. 

t. 

•    *>«• 

^0- 

», 

y,. 

P- 

A9. 

Ap. 

17-2 
69-5 
697 
17-2 
98-9 
99-0 
17-2 
1590 
159-0 
17-2 
170 

99-a 

991 
16-8 
159-7 
159-7 
16-9 
16-9 
67-4 
670 
17-0 
98-9 
98-5 
170 

4-92 
25-46 
25-46 

6-14 
37-67 
87-68 

6-27 
6304 
6304 

5-63 

402 
3772 
3770 

612 
63-20 
0315 

639 

5-39 
2614 
2516 

6-69 
3886 
38-36 

6-11 

135 

697 

607 

141 

1032 

]i)32 

144 

1727 

1727 

162 

135 

1034 

1033 

140 

1732 

1730 

148 

148 

689 

689 

156 

1051 

1051 

167 

0 
523 
52-5 

0 
81-7 
81-8 

0 
141-8 
141-8 

0 

0 
82-2 
82-3 

0 
142-9 
1428 

0 

0 
50-5 
500 

0 
810 
81-6 

0 

0 

4-491 

20-3 
20-3 

-025 
•025 

4-510 
4'516 

502 
556 
0  t 

7-285 
7-282 

20-7 
20-8 

•050 
•068 

7-344 
7-350 

801 

8S8 
0 

13-427 
13-424 

21-6 
210 

-087 
•087 

13-5 i 4 
13-511 

1683  ' 

1575  , 

0  ' 

0 

7-377 
7-358 

190 
200 

-•008 
±-000 

7-370 
7^356 

890 
803  : 
0  > 

13-547 
13-541 

20-4 
20-5 

-034 
•042 

13-5S1 
13-583 

1502 
1B82 

0 

0 
641 
633 

0 
805 
8&4 

0 

*4-i66 

4090 

22-2 
22-2 

•192 
•192 

4-292 
4  -^82 

7100 
7077 

22-4 
224 

•209 
•209 

7-315 
7-280 
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47.  Ohservatians  for  tkymolj  para-toluidine^  a/nd  Mphenylamine, — 
ables  14, 15, 16  contain  results  for  thymol,  para-toluidine,  and  diphenyl- 
miiie,  arranged  on  the  same  plan  as  Tables  12  and  13.  Thymol  is 
articiilarly  convenient  since,  after  firing,  it  admits  of  undercooling 
luch  below  its  melting  point.  Observations  can  thus  be  made  even 
1 17^.  In  case  of  the  other  two  substances  this  is  possible  to  a  less 
xtent,  and  it  is  necessary  to  insert  the  constant  volume  tube  into  a 
ot  piezometei\  A  large  bath  of  heated  water  must  be  at  hand  to 
revent  freezing  during  the  manipulations.    (§  32.) 

Tablk  14. — Isometrics  of  thymol.     OhsetTaiions, 


1  "'■ 

t. 

•050 
•068 
•068 
•076 
•087 
•087 

^B- 

0, 

^P' 

P- 

A9. 

Ap. 

4-227 

4-253 
;        7*259 

7-2y5 
1         4*282 

4-324 

20-7 
208 

20-9 
21-0 
210 

4-286 
4-321 
7-327 
7-311 
4-369 
•  4-411 

671 
67  5 
98-8 
986 
68-1 
685 
17-2 
08-9 
98-9 
17-2 
123-5 
123-4 
17-2 
170 
680 
67-8 
16-9 
98-9 
990 
16-8 
.     124-5 
126-3 
168 

32-65 
3269 
4911 
4916 
8302 
3307 

6-97 
49-62 
49-60 

735 
62-40 
62-35 

7-77 

778 
34.08 
3411 

7-51 
50^07 
50-06 

7-34 
62--I9 
62  58 

7-63 

895 

806 

1346 

1347 

905 

906 

191 

1360 

1361 

201 

1709 

1708 

213 

213 

934 

935 

206 

1372 

1372 

201 

1713 

1715 

209 

49-9 
•0-3 
81-6 
81-4 
509 
51-3 

0 
81-7 
81-7 

0 
106-3 
106  2 

0 

0 
51-0 
50-9 

0 
820 
82-2 

0 
107-7 
108-5 

0 

704 

705 

1155 

1156 

714 

715 

0 

1160 

1160 

0 

1508 

1495 

0 

05 

721 

729 

0 

1166 

1171 

0 

1512 

1506 

0 

7-230 
7-221 

21-1 
21-2 

•095 
•104 

7-325 
7-325 

9-652 
9-6^6 

21-7 
21-7 

•146 
■146 

9-798 
9-792 

4-306 
4-300 

20-5 
20-4 

•042 
•034 

4-348 
4-334 

7-288 
7-315 

20-4 
20-4 

•034 
•034 

7-322 
7-340 

9-875 
9-958 

20-4 
20-3 

•034 
•025 

9-009 
9-983 

Table  15. — Isometrics  of  para-toluUVme,     Observations. 


^^V 

t 

«tf-    . 

^V*- 

0, 

yp- 

P- 

^0. 

Ap. 

4-206 

21-5 

•131 

4-337 

678 

15-34 

420 

0 

0 

4182 

21-6 

•138 

4-320 

67-5 

15-32 

420 

0 

0 

7147 

21-8 

•155 

7-302 

985 

31-84 

872 

31-0 

452 

7132 

21-8 

•158 

7-290* 

08-4 

31-79 

871 

30-4 

441 

4-162 

22-3 

•200 

4  362 

-      680 

15  69 

430 

0 

0 

4-153 

22-3 

•200 

4-353 

67-9 

15-66 

429 

0 

0 

9-578 

22-5 

•218 

9-796 

123-5 

45-20 

1238 

55-6 

809 

9-572 

226 

•226 

9-798 

123-5 

45-24 

1230 

560 

799 

4-071 

22-8 

-245 

4-316 

67-5 

1606 

440 

0 

0 

4- 100 

22-8 

•245 

4-345 

67-9 

16-04 

439 

0 

0 

13000 

23-1 

•270 

13270 

156-7 

57-51 

1576 

88-8 

1137 

13006 

23-2 

•279 

13-285 

157-0 

67-50 

1575 

89-1 

1124 

4035 

Zi'5 

•306 

4-341 

67-9 

16-45 

451 

0 

0 

4027 

23-6 

-813 

4340 

67-9 

16-46 

451 

0 

0 
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^IUrle  16. — hometrios  of  dipheniflamine.    Observations, 


[aut2..9^ 


4035 
4.027 
6-975 
6-969 
4-051 
4059 
0-5-i5 
9-5H7 
3-975 
:j'li81 


23-1 
23-1 
28-4 
2JJ-4 
23-8 
23-8 
240 
24  0 
24-2 
24-2 


■270 

4-305 

•270 

4-297 

•298 

7-273 

•298 

7-267 

■330 

4-381 

•380 

4-389 

•350 

9-875 

•350 

9-937 

-367 

4-342 

-367 

4.348 

67-5 
07-5 
98-2 
982 
681 
68-3 
124-1 
124-9 
67-8 
68-0 


1801 
1802 
36-26 
36-30 
18-53 
18-54 
51-95 
52-29 
19-46 
19-36 


493 
494 
993 
»B5 
508 
508 
1423 
1433 
533 
630 


0 

0 

30-7 

301 

0 

0 

55-8 

57-1 


Ap. 


0 

o 

499 

4«7 
O 

o 

915 

900 

O 

O 


Another  zero. 


13-200 

24-2 

•367. 

13-567 

159-6 

65-15 

1785 

92-0 

1346 

13171 

,     24-3 

•375 

13-540 

159-5 

05  12 

1784 

91.9 

1345 

3949 

24-4 

•3}>4 

4-3:k{ 

07-6 

1602 

439 

0 

0 

3-955 

34-4 

•384 

4-3:t9 

67-8 

15-93 

437 

0 

o 

6-802 

24-4 

-:i84 

7-18d 

97-3 

33-49 

918 

20-5 

481    < 

6-834 

24-4 

-384 

7-218 

97-8 

3:»-48 

917 

29-7 

479 

3-985 

244 

-384 

4-309 

68-1 

15-98 

438 

0 

0  \ 

4012 

24-4 

-384 

4-396 

68-4 

15-98 

438 

0 

0 

9-470 

24-4 

-384 

9-854 

12»0 

49-;m 

1352 

55-6 

914 

9-534 

21-4 

•381 

9-918 

124-8 

49-39 

1353 

562 

,    904 

4035 

24-4 

-384 

4-419 

68.^1 

16.39 

449 

0 

<) 

4021 

2i-3 

•375 

4-39G 

68-5 

16.41 

450 

0 

0 

TEXPERATUEES  CORRECTED. 

48.  Behavior  of  the  torsion  galvanometer, — An  inspection  of  the  tables 
shows  the  temperatures  to  need  correction,  for  the  boiling  points  (water, 
for  instance)  are  usually  low.  The  cause  of  this  discrepancy  is  to  be 
sought  in  the  temperature  coefficient  and  perhaps  also  in  the  time  co- 
efficient of  the  magnets  of  the  torsion  galvanometer.  This  error  is 
easily  allowed  for  as  follows:  It  is  clear  that  the  magnetic  change 
which  obtains  affects  all  deflections  (deflections  for  all  temperatures) 
uniformly.  Consequently  if  N'b  be  the  twist  corresponding  to  lOQo  on 
any  day  of  observation,  and  if  J!^9  be  the  corresponding  twist  on  the  day 
of  calibration,  both  observed  at  the  same  torsion  galvanometer,  then 
Ne/^il'e  is  the  factor  for  the  reduction  of  all  temperature  observations 
for  the  former  day  to  the  scale  of  the  calibration  day. 

To  test  this  inference  I  made  two  independent  calibrations  of  the 
same  couple  about  a  month  apart.  The  constants  a  and  b  given  in 
Table  17,  where  Ne^  a  (T-^t)  +  h  (T^-^^),  show  considerable  varia-^ 
tion  during  this  interval.*  Computing  the  twists  I^e  and  y'e  for  dif- 
ferent temperatures  T,  when  t=  20^,  it  is  found  that  Kb/ N' 9  is  con- 
stant within  less  than  3  per  cent  for  the  whole  interval  50^  to  400^. 
Clearly  this  is  an  error  of  observation,  since  the  constants  a  and  b  never 
quite  faithfully  reproduce  the  calibration  interval.  Slight  reciprocal 
changes  of  a  and  6,  for  instance,  would  wipe  out  the  discrepancy 
A{Nb  I  N^o),  without  appreciably  slighting  the  observations. 


^T>  t  are  the  temperatures  at  the  Junctioiis  of  the  platinam  platintun-iridinm  tLermo-ooiipl«. 
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TA.BLE  17. — Constants  of  the  torsion  galvanometer  and  couple.     Comparisons  of  T,  April 

20  and  May  27. 

April  20  J  1,^^0000717,  ^^y  ^  \  6'=.0000<K>4. 

[Computed  from  olmervation^  at  1W°  and  357^.] 


T. 

X,. 

^'b- 

N,/X',. 

o 

90 

2-683 

2-632 

-9810 

100 

7-440 

7-2»8 

•9809 

150 

i2-r67 

12-311 

-98U4 

200 

18-031 

17-670 

•9800 

250 

23-865 

23-377 

•9796 

300 

30037 

29-430 

•9792 

350 

36-611 

35-831 

•9787 

400 

43520 

42-578 

•9784 

49.  Air  thermometsrH  comparison.  Apparatus. — ^There  is  a  more  serious 
qaestiou  relative  to  the  degree  of  truth  of  the  iut-erpolation  equation 
Xe=a  (T—t)-\-b  {T^^t%  This  can  only  be  decided  by  direct  air-ther- 
mometer comparisons,  such  as  are  given  in  Table  18.  There  are  three 
complete  time  series  and  two  comparisons  in  steam. 

The  air-thermometer  bulb  used  was  my  reentrant  form,  combined 
with  the  Jolly-Pfaundler  stand,  by  a  platinum  capillary.  The  method 
of  work  is  described  elsewhere.^  Here  I  need  only  remark  that  the 
metallic  fiducial  mark  at  the  bulb  end  of  the  manometer,  being  noth- 
ing more  than  the  sharpened  end  of  the  i)latinum  capillary,  the  criterion 
of  constant  volume  was  given  by  an  electric  contact. 

To  heat  the  bulb  I  made  use  of  a  large  paraffin  bath,  being  a  cylinder 
about  7  inches  long  and  7  inches  in  diameter.  This  was  heavily  jacketed 
with  a  thickness  of  about  1  inch  of  asbestos.  At  the  center  of  the  bath 
the  bulb  of  the  air  thermometer  was  placed;  and  being  of  the  reentrant 
form  the  junction  of  the  thermocouple  in  its  turn  was  at  the  center  of 
the  bulb. 

The  paraffin  bath.  Figs.  9  and  10,  needs  further  description.  It 
consists  of  two  half  cylindrical  boxes  of  brazed  copper,  d  ef  and  g  b  1c, 
which  fit  into  each  other  on  their  flat  sides.  These  are  of  thin  sheet 
copper,  provided  with  hemispherical  cavities  H  arid  gutters  1 1  adapted 
to  receive  the  air-thermometer  bulb  and  thermocouple.  The  figure 
shows  the  thermocouple  a  o  13  and  the  air  thermometer  bulb  H  H  tin 
place,  the  stem  of  the  latter  and  the  insulator  of  the  former  issuing  in 
opposite  directions.  Though  filled  with  paraffin  in  the  present  experi- 
ments, the  apparatus  was  constructed  to  be  used  as  a  vapor  bath  at  210^ 
(naphthalene)  or  310^  (diphenylamine).  In  such  a  case  the  chimneys  N 
are  prolonged  by  iron  gas  pipe  into  which  the  vapors  distill  and  condense, 
falling  back  into  the  charge  below  (indicated  by  the  dotted  horizontal 
line).  In  this  way  tlioroughly  constant  temperature  may  be  obtained, 
and  the  apparatus  is  therefore  available  for  standardizing^  a  porce- 

>  Bull.  U.  S.  Geol.  Snrv..  No.  54,  1889,  pp.  188  et  neq.,  188  et  seq. 
«Cf.  BftTUB:  Bull.  U.  S.  Crcol.  Surv.,  No.  W,  1889,  pp.  22,  208  et  eoq. 
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laiu  (uoiiinglazed)  air  thermometer,  by  aid  of  a  glaas  air  thermometer 
bulb  of  known  constants,  through  the  intervention  of  (or  consecutLve 
comparison  with)  the  same  platinum-iridium  thermocouple. 

In  all  cases  the  bath  is  to  be  heavily  jacketed  with  asbestos,  to  a  thick- 
ness of  say  1  inch.    Two  biuners  are  then  .sufficient. 


Fia.  9.- 


-Sectional  vapor  bath,  for  compariug  air  thermometer  and  thonnoooaplo. 


60.  Observations. — Observations  were  made  during  the  period  of  cool- 
ing, after  heating  the  bath  to  300O;  cooling  must,  therefore,  take  pla«e 
so  slowly  that  the  temperature  of  the  air  thermometer  bulb  and  of  tJie 
thermocouple  may  be  regarded  a«  identical.  Whether  this  is  the  case 
can  be  decided  only  by  trial.  Therefore,  in  making  the  following  com- 
parisons, the  lirst  and  third  series  were  observed  during  ordinary  cool- 
ing; in  the  fifth  series,  however,  a  flat  evaporating  burner  was  placed 
under  the  paraffin  bath  to  insure  slower  cooling.  The  liquid  was  stirred 
and  paraffin  gradually  added  to  compensate  for  the  contra^ction  in  cool- 
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jug.  Ill  the  table  Fis  the  volume  of  the  air- thermometer  bulb,  v*  that 
of  the  hot  part  of  the  stem,  t?"  that  of  the  cold  stem  and  of  the  capillary 
connections  and  dead  spaces ;  finally  ^o  is  the  observed'  pressure  for  the 
bulb  in  melting  ice.  It  is  advisable  to  work  with  slightly  rarefied  air, 
to  avoid  pressure  on  the  bulb  at  the  high  temperatures. 

N'n  is  the  twist  observed  at  the  torsion  galvanometer  at  the  time 
given,  and  when  the  temperature  measured  by  the  air  thermometer  was 
T^jf    From  this  I  computed  JTjo,  the  twist  which  would  have  been  ob- 


Fio,  10.— LoaglhidiiiAl  elevation  of  one  of  the.halvea  of  vapor batb,  showing  the  thermometers  in  place. 

served  on  the  day  of  calibration  (May  27),  by  the  method  shown  in  §  48;. 
Hence  I  made  use  of  the  series  ii  and  v  (comparisons  ia  steam)  and  of 
the  loiio  temperature  comparisons  between  thermocouple  and  air  ther^ 
mometer,  for  here  the  cooling  is  so  slow  that  no  time  lag  need  be  appre- 
hended. 

From  both  N'9  and  Nbj  the  thermoelectric  temperature  equivalents^ 
y,^  and  Tee  were  then  computed,  by  aid  of  the  data  of  Table  17* 
Bull.  96 4 
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Table  18. — Comparimm  of  thermocouple  and  air  ikermometer. 

F=239»3";  r'=»030«;  v"=.eU^;  *.=48-28". 


Time. 

J^'«. 

T.t. 

iV«. 

Tie. 

IHflr. 

A. 

Dlff. 

I.    21 

28-464 

292-1 

28-749 

291-6 

-I-  -5 

2940 

r^l-9 

36 

25531 

263-5 

25786 

267-8 

-4-3 

2700 

-6-5 

44 

24001 

•251-4 

24-241 

255-1 

-3-7 

257-3 

-  rrO 

52 

22-648 

239-4 

22-874 

243-6 

-42 

245-6 

-6  2 

61 

20-456 

222.1 

20-600 

2ai-6 

-25 

226-5 

-4-4  ; 

7 

19-438 

213-3 

19-6:J2 

215-5 

-2:2 

217.4 

-41 

18 

18052 

201-3 

18-233 

203-1 

-1-8 

204-7 

-3-4 

34 

16-066 

183-2 

16-227 

_ 185-2 

-20 

186.5 

-3-3 

45 

14-893 

171-2 

15-()42 

174-2 

-3-0 

175-6 

-4  4 

58 

13-571 

160-6 

13-707 

161-8 

-1-2 

163-2 

-2  6 

17 

12-155 

146-9 

12-277 

148-5 

-1-6 

149-7 

-2-8 

34 

10-840 

134-9 

10  948 

135*4 

-  -5 

136-7 

—1-8 

50 

9-912 

125-5 

10-011 

126-4 

—  -9 

127-4 

-1-9 

12 

8-639 

114-0 

8-725 

113-6 

+  -4 

114-5 

-  -5 

35 

7-598 

103-8 

7-674 

1031 

-f  -7 

103-8 

±  -0 

9 

6-359 

90-4 

6-423 

90-3 

+  -1 

910 

-   -6 

40 

5-448 

80-9 

5-5«»2 

80-5 

+  -4 

81-1 

-  -3 

58 

4-975 

76-4 

bifl^ 

7.r4 

+1-0 

76-0 

+  •-* 

19 

4-479 

70-9 

4-524 

70-0 

+  -9 

•  70-5 

+   -4 

39 

IK.C  0 
i20 

4075 

66-7 

4-116 

65-7 

+10 

661 

+  -6 

7-245 

100-22 

7-317 

99-4 

+  -8* 

100-2 

i    0 

7-264 

100-28 

7-837 

99-6 

+  •7 

1 

100-4 

—  -1 

III.  34 

28-174 

286.3 

28-456 

289-4 

-31 

291-6 

-5-3 

45 

28-136 

270-0 

26-397 

272-8 

-2-8 

275-0 

-5-0 

56 

24-400 

255-0 

24  644 

258-5 

-3-5 

260-5 

-5-5 

7 

22050 

235-3 

22-270 

2.38-5 

-3-2 

240-5 

-5-2 

17 

20-731 

224-3 

20-938 

227-0 

-2-7 

229-0 

-4-7 

26 

19-338 

214-5 

19-531 

214.6 

-  .1 

216-6 

-21 

38 

18036 

200-4 

18-216 

203.0 

-2-6 

204-8 

-4  4 

50 

16-799 

189-2 

16-967 

192-0 

-2-8 

193-6 

-44 

6 

15-184 

176-2 

15-336 

1770 

-  -8 

178-5 

-2-3 

21 

13-899 

1642 

14-038 

1650 

-  -8 

166-4 

-2-2 

44 

12-237 

148-9 

12  35Q 

149-3 

-  -4 

150-4 

-1-5 

IV.f53 

29-702 

299-6 

80-147 

301-6 

-20 

3050 

-5-4 

J  5 

29-223 

295-3 

29-661 

297-9 

-2-6 

301-2 

-59 

1l6 

28-744 

2920 

29-175 

294-0 

-20 

297-3 

-6-3 

(25 

28-410 

289-1 

28-836 

291-4 

—2-3 

294-8 

-0-7 

33 

22-025 

236-3 

22  355 

238-3 

~2'0 

241-2 

—4-9 

)42 

21-492 

232-2 

21-814 

233-6 

-1-4 

236-5 

—4-3 

155 

20-866 

226-9 

21-179 

228-3 

-1-4 

2310 

-41 

I  9 

20-293 

2220 

20-597 

223-2 

-1-2 

225-8 

-3-8 

i  3 

14-334 

167-7 

14-549 

169-0 

-1-3 

171-2 

—3-5 

J 13 

13-590 

160-9 

13-794 

162-0 

-1-1 

164-1 

-3-2 

124 

12-720 

153-4 

12-911 

154-0 

-  -6 

155-6 

-2-2 

36 

11-897 

145-4 

12-076 

145-9 

-  -5 

147-7 

-2-3 

ris 

9-487 

122-5 

9-629 

1220 

+  -5 

123-4 

-  -9 

129 

8-943 

117-2 

9-077 

116-7 

+  -5 

118-0 

-  -8 

138 

8-567 

1131 

8-696 

1130 

+    1 

114-3 

—1-2 

152 

7-966 

107-1 

8-086 

106-7 

+  •■* 

1080 

-  -9 

529 
^39 

6618 

94-0 

6-717 

93-0 

+10 

940 

±    0 

6-335 

90-9 

6-430 

90-0 

+  •9 

91-0 

+  -1 

v.ne 

t<28 
<37 

7-205 

10003 

7-313 

99-0 

+10 

1001 

—    1 

7-221 

100  09 

7-329 

991 

+10 

100-3 

-  -2 

7-199 



100-09 

7-307 

990 

+  11 

100-1 

±    0 

1                   1 

*  Steam,  temperature  100-11° 
t  Steam  temperature  99-93  o. 

Table  19. — Interpolated  from  the  above. 


T„  («»ir  ther-          5^0           1000 
mouietcr). 

1 

150  0 

2000 

250° 

300O 

iir„ 1       2-63  1          7-30 

12-47 

1805 

23-90 

30-20 

Digitized  by 


Google 


BJLBU8.] 


ISOMETRICS   OF  ETHER. 


51 


Tables  17  and  18,  or  a  graphic  representation,  show  at  once  that 
throughout  every  stage  of  cooling,  temperature  as  registered  by  ^le 
thermocouple  is  always  higher  than  the  corresponding  temperature  of 
the  air  thermometer.  Inasmuch  as  the  system  cools  from  the  outside 
of  the  air  thermometer  bulb,  this  is  precisely  what  must  occur  in  case 
of  too  rapid  cooling.  It  is  well,  however,  to  note  that  in  Table  18, 
series  i v,  notwithstanding  much  retarded  cooling,  the  discrepancy  be- 
tween air  thermometer  and  thermocouple  retains  its  original  magnitude. 
Without  passing  judgment,  therefore,  I  have  deduced  TJ,  and  -^20  from 
all  the  observations,  lor  use  below.    See  Table  19. 

51.  Isometrics  corrected  ds  to  temperature. — Applying  the  corrected 
temperatures  investigated  in  the  foregoing  paragraph,  I  obtained  the 
following  data  for  the  isometrics.  1^9  is  the  corrected  twist  and  6 J'  and 
^fc  its  thermal  equivalent,  as  expressed  by  the  air  thermometer  or  the 
thermocouple  (boiling  points,  H2O  and  Hg),  respectively.  The  two  data 
given  under  J  6  are  to  be  similarly  interpreted.  Jp  is  the  value  already 
met  in  tables  12  to  16. 

It  follows  from  the  slight  irregularities  still  observable  in  the  boiling 
points,  that  in  order  to  use  the  torsion  galvanometer  satisfactorily,  check 
measurements  of  the  boiling  point  of  water  must  be  made  before  and 
after  any  series  of  temperature  observations. 


Table  20. — Isometrics  of  ether. 
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Table  20.— /»ome*nc«  of  e/Acr— Continued. 


[BdU^gOL 


7-294 

7-285 

20177 

20179 


4-251 


I  4-Jg4 
'  7-284 
7-313 


I 


7-308 

7-331 

4-340 
4-334 
7-325 
7-314 


4-342 
4-355 
7-295 


16-4 
99-9 

100-0 

222-0 

2221 


16-5 
67-5 

67-9 

99-8 

1001 
16-7 

16-6 
100-1 

100-3 
16-5 

16-6 
68-6 

68-5 

100-2 

1001 
16-6 


16-6 

68-5 

68-7 
99-9 


7-323 

100-2 

16-6 

13-230 

158-8 

13-356 

160-0 

16-7 

16-009 

184-9 

16-021 

1850 

16-7 

17-6 

»«.r. 


16-4 
99-9 

99-9  !^ 

2190  1 


Ap. 


-{ 


16-5 
682 

68-5 

99-8 

100-1 
16-7 

16-6 
1001 

100-3 
18-6 


16-6 
69-2 


100-2 

100-1 
18-6 


16-6 
69-2 

69-4 

900 

100-2 

16-6 

157-4 

168.7 
16-7 
182-7 

182-8 
16-7 

>170 


0 

83-5 

8:^-5 

83-6 

83-5 

205-6 

202-6 

205-7 

202-6 


0 
51-0 
51-7 
51-4 
520 
831 
83-1 
83-4 
83-4 

0 


0 
83-5 
83-5 
83-8 
83-8 

0 


0 
520 
52-6 
51-9 
52-5 
83-6 
83-6 
83-5 
83-5 

0 


0 
781 

783 

1763 

1760 


4-351 
4-359 
7-267 
7-272 


0  ' 
509  I 

515 

822 

824 
0 


13-320 
13-308 


!'   20-138 
20-140 


0 
740 

742 
0 


0 
465 

46Z 

745 

747 
0 

I 

0 

463  I 

464  I 

739  ' 

743 
0 
1289  I 

1208  ' 

0 ! 

1370  ! 
1369  ' 

ol 


G8-6 


99.7 

99-7 

17-7 

159-6 

150-6 
17-8 

321-8 

222-0 
17-9 


%a,t 


17-8 

7-274 

99-7 

7-267 

99-7 



18-0 

20-290 

223-1 

20-291 

2231 

18-1 

4-350 

68-6 

4-361 

68-6 

(181) 

13-420 

160-4 

13-437 

160-5 

17-9 

17-4 

20-216 

222-4 

20-198 

222-3 

17.4 

7-324 

100^ 

7-277 

99-8 

17-4 

4-460 

60-8 

4-468 

'     69-9 

17-4 

13-308 

159-5 

13-340 

159-7  1 

17.*, 

A9. 


694 
09-5 


99-7 
17-7 
158-2 

1581 
17-8 


51-0 

51-8 

51-0 

51-9 

82-0 

820 

82-0 

820 

0 

141-9 

140-5 

141-8 

140-3 

0 


Ap. 


218-5 

218-7 
17-9 


204-0 
200-7 
2041 
200-8 
0 


17-9 
99.7 

99-7 

180 

219.9 

219-9 
18-1 
09*2 

69-5 
(18-1) 
159-2 

159.4' 
17-9. 


17-4 
219-2 

2190 
17-4 
100-2 

99-8 
17-4 
70-2 

70-4 
17-4 
158-1 

158-4 
17-4 


439 

440 

700 

707 

0 

lldl 

1171 
0 


1S30 

1611 
0 


0 

712 

701 

0 

1643 

1619 

0 

437 

437 

0 

1202 

1196 
0 


1644 

1642 

0 

729 

723 

U 

464 

464 

0 

1220 

1209 
0 
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Table  21. — Isometrics  of  alcohoL 


ye        9t,i 


4493 
4-409 


7-317 
7-323 


13-464 
13-461 


7-837  I 


17-2 
701 

70-2 

17-2 

100-2 

100-2 
17-2 
160-8 

160-8 
17-2 

170 
100-4 


««.r 


17-2 
70-6 

70-9 

17-2 

100-2 

100-2 

17-2 

150-6 

159-6 
17-2 

lI'O 
100-4 


Ap 


0 
5G2 

556 

0 

891  I 

888 

0 

1683 

1675 
0 


ife         9t,, 


7-823 


13-520 
13-522 


4-310 
4-300 


7-345 
7-316 


1002 

16-8 

161-4 

161-4 

16-9 
16-9 

68-2 

68-1 
170 
100-4 

100-2 
17-0 


9a,i 


100-2 
16-8 
160-0 

160-0 

16-9 
16*9 

68-9 

68-8 
17-0 
100-4 

100-2 
170 


Atf 


Ap 


833 

0 

1592 

1582 

0 
0 

641 

633 

0 

895 

884 
0 


Table  22. — Isometrics  of  thymol. 


ye 


4-273 
4-308 
7-305 
7-289 
4-356 
4*398 


7-303 
7-303 


9-769 


«M 


67-7 
68*2 

1000 

• 

99-9 

68-8 

69-2 
f7-2 
100-0 

100-0 
17-2 
124-9 


9a  t 


AB 


68-5 

68*9 

1001 

99-9 

69-2 

69-8 
17-2 
1000 

100-0 

17-2 

124'6 


60-5 
61-8 
510 
61-7 
82-8 
82-9 
82-7 
82-7 
61-6 
520 
52-0 
62-6 
0 
82-8 
82-8 
82-8 
82-8 
0 
107-7 
107-4 


Ajp 


704 

705 

1155 

1156 

714 

715 

0 

1169 

1160 

0 

1508 


Ne 


$hc 


9*763  1 


4-339 
4-325 


7-307 
7*334 


9-889 
9-963 


124-8 
17-2 

17-0 
68-5 

68-4 

16*9 

100*1 

100-3 
16-8 
1261 

126-9 
16-8 


Ba,t 


124*5 
17*2 

17-0 
69*1 

60-U 
16-9 
100*1 

100-3 
16-8 
125*8 

126*5 
16*8 


A0 


Ap 


1495 
0 

0 
721 

729 

0 

1166 

1171 

0 

1512 

1506 
0 


About  a  month  later,  and  after  the  gauge  and  ax^purtenances  had  been 
much,  used  during  intervening  experiments,  I  repeated  the  work  for 
thymol  again,  using  the  same  tube  as  in  Table  22.  The  results  are 
given  in  the  next  table  (22  supplement)  and  will  be  seen  to  be  in  excel- 
lent accord  with  the  earlier  data.  This  proves  that  there  can  have  been 
no  error  in  the  method  of  measurement  between  times,  and  hence 
the  exceptional  behaviors  noted  in  case  of  some  of  the  following  sub- 
stances are  actual  peculiarities.  I'he  constancy  of  the  gauge  factors 
vouched  for  in  this  way  is  gratifying. 

Table  22  (supplement). — Isometrics  of  thymol.    ChcoJs-icork  a  month  after  the  above. 


n 

t 

n9 

KB 

9 

Ap 

P 

AB 

Ap 

25*9 
1000 
100-0 

26-0 

6-20 
44-47 
44-50 

6-60 
57*25 
57-25 

6-66 

170 
1218 
1219 

181 
1569 
1569 

179 

0 
741 
74-0 

0 
991 
99-6 

0 

0 
10-48 
10-38 

0 
13*88 
13-90 

0 

6-513 
6-460 

27-0 

27-7 

•665 
-673 

7-188 

8-896 
8-925 

28-1 
28-1 

•711           9-607 
•711           9-636 

125-1 
125-5 
26-0 

1 
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Table  23. — laometries  of  para-toluidine. 


^0 

»t.c 

»a,t 

^9 

Ap 

A', 

9t,c 

9a,t 

Atf 

Ap 

4-328 

4-311 

7-286 

68-4 
68-2 

09-9 

691 
689 

99-9 

1 

i     9-776 

!  4-307 
1     4-336 

125-0 

68-3 
68-5 

124-8 

68-9 
09-2 

C    66-7 

)    55-9 

0 

0 

}  - 

0 
0 

0 
<    31-7 
i    31-0 

\ 

0 
452 

7-274 

99-7 

99-7 

(    31-1 
{    30-4 
0 
0 
C    66-3 
{    55-4 

441 

13  231 

158-8 

157-4 

90-3 

i    88-2 

90-5 

)    88-8 

0 

0 

U37 

4-352 
4-313 

»-774 

68-6 
68-5 

124-8 

69-3 
60-2 

124-6 

0 
0 

809 

13-256 

1  4-332 
1     4-331 

1 

159-0 

68-5 

68-5 

157-8 

09-0 
69.0 

0 

Table  24.--/«ame<ric«  of  diphenylamine. 


JV'tf 

0t.c 

9a,t 

4-323 
4-315 

68-3 
68-2 

69-0 
69-0 

7-303 

100*0 

100-0 

7-297 

100.0 

100-0 

4-399 
4-407 

69.2 
69-4 

69-8 
69-9 

9-916 

126-5 

1260 

9-978 

1270 

126-6 

4-360 
4-306 

68-7 
68-8 

69-4 
69-6 

13-752 

1637 

162-4 

70-0 
69-6 


Oa.t 


1622 

69-6 
69-8 

998 

100-2 

(70-1) 
70-1 
70-5 

126-8 

127-3 

70-8 
70-6 


A$ 


Ap 


1345 

0 
0 

481 
479 


914 

904 

0 
0 


CORRECTION  FOR   THE    THERMAL    AND    ELASTIC    VOLUME    CHANGES   OF    THE   GLASS 

TUBES. 

52.  Thermal  expansion  ofgla^s, — The  direct  measurement  of  tbe  elastic 
constants  of  glass  throughout  an  interval  of  300°  and  2000  atmospheres 
is  at  present  out  of  the  question,  rience  I  selected  liquid  substances 
of  large  compressibility,  in  order  that  tlie  discrepancies  due  to  the  com- 
pressibility of  glass  might  be  of  smaller  magnitude,  and  could,  there- 
fore, be  at  least  in  a  measure  applied  by  interpolation  from  known 
data.  It  is  clear  at  the  outset,  moreover,  that  the  correction  in  ques- 
tion is  of  smaller  moment,  because  it  is  differential  in  character.  Rise 
of  temperature  expands  the  glass  tube,  pressure  again  diminishes  it. 
If  the  isometrics  of  solid  glass  and  the  liquids  were  identical,  the  cor- 
rection would  be  nil.    Curiously  enough  this  is  nearly  the  case. 

The  expansion  of  glass  throughout  large  intervals  of  temperature 
was  measured  by  Dulong  and  Petit,'  by  Recknagel,*  and  by  others. 
The  results  of  the  latter  are  the  larger.  For  this  reason  I  accept  the 
former,  seeing  that  in  the  case  of  compressibility  of  glass  a  datum 

>Dnlong  and  Petit:  Ann.  de  china,  et  phys.  (2),  VIL  1817,  p.  U3. 
*Becknagel:  Sits.  Ber.  k.  Bayr.  Acad.  (2),  1866,  p.  327. 
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too  small  innst  be  accepted  for  want  of  data  on  the  thermal  variations. 
Dulong  and  Petit  find  that  from — 

(>«  to  iOO*»,  coefficient  of  expansion,  p  =  258/10' 
0*>  to  200%  coefficient  of  expansion,  p  =  276/10' 
0«  to  300«,  coefficient  of  expansion,  p  =  304/10'. 
A  chart  may  then  be  platted  from  which  p  may  be  taken  for  any  inter- 
val.   It  follows  that  the  volumes,  F20  of  the  constant  volume  tube,  in 
terms  of  the  volume  at  20°,  will  be  (pressure  =  1  atmosphere). 
T  =    200  500  1000         150O         2000  250O         300O 

y2i»=l-00000    1-00075    1-00208    1-00350    1-00504    1-00670    1-00856 
Again,  the  corresponding  volumes,  F70  in  terms  of  the  volume  at  70^, 
will  be — 

T   =     700  1000         150O         2000 

770  =  1-00000  1-00080  1-00222  1-00376 
63.  Compressibility  of  glass, — On  the  other  hand  the  compressibility 
of  glass,  1/fc,  from  corroborative  results  of  Regnault  and  Amagat  ^,  is 
1/4x10**  in  terms  of  dynes  and  square  centimeters.  Bearing  in  mind, 
tlierefore,  that  no  compensation  of  Ic  in  respect  to  temperature  can  be 
made,  the  volumes  of  the  constant  volume  tube  under  any  hydrostatic 
pressure,  P  will  be  1  —  P  x  10^/A;,  where 

P     =    500        1000       1500       2000       2500       3000  atmospheres, 
P/fc  = -00126    -00250     -00375     -00500    -00625    .00750 
Thus,  when  the  initial  temperature  is  20^,  the  volumes  will  be  as  fol- 
lows: 

Table  25. — Isometrics  of  solid  glass,  in  terms  of  unit  of  volume  at2(P  and  1  atmosphere. 


e^ 

200 

6O0 

100° 

I6O0 

2000 

250O 

300O 

P  =  latm. 

roooo 

1-0007 

10021 

•  1-0035 

1-0050 

1-0067 

10086 

500  atm. 

•9987 

•9995 

10008 

10022 

1-0030 

1-0054 

10073 

10  Oatiii. 

•9975 

.998-i 

•9996 

i-ooio 

1^0025 

10042 

10001 

15  ?0  atm. 

•0962 

•9970 

•9983 

•9097 

1-0013 

10029 

1.0048 

2000  fltm. 

•9950 

■9957 

•9971 

•9985 

10000 

10017 

10036 

25'JO  atm. 

-9937 

•9945 

-9958 

•9972 

•9988 

1.0004 

1-0023 

3000  atm. 

•9925 

•9932 

•9946 

•9960 

•9975 

'9992 

1.0011 

A  sirailai*  table  is  easily  constructed  for  unit  of  volume  at  70^  and 
1  atmosphere. 

If  these  results  are  represented  graphically,  the  volume  changes  9Vj 
if  the  constant  volume  tubes  can  be  at  once  obtained  for  each  of  the 
pairs  of  values  of  J^  and  Ap  given  in  tables  20  to  24.  I  have  given  a 
full  list  of  the  values,  dVy^va,  table  27,  where  the  arrangement  adopted 
is  such  as  to  correspond  to  the  earlier  tables  (12  to  16). 

54.  Compressibility  of  the  above  liquids. — Having  given  these  data, 

it  is  therefore  finally  necessary  to  find  the  pressure  equivalent  of  the 

1- 

'  Amagftt:  C.  B.,  CVIII,1889,  p.  1199;  CVII,  1888,  p.  618,  or  J.D.  Everett's  Tables  (MacmiUan,  1879, 
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values  dVf  in  other  words,  to  find  the  value  dp  which  will  annul  9r. 
To  do  this  it  is  necessary  to  know  the  compressibility  of  each  cyf  the 
liquids  under  the  given  conditions  of  pressure  and  temperature.     The 
results  of  my  earlier  papers^  are  available  for  this  purpose,  and  from  • 
them  I  take  the  following  mean  values. 

Tablk 26,-~Correotion  factors (^(y)/^p\     ^^ compreasihiliiies at 6° andp aim. 


ETHER.  Atf=«~20o. 


]0«d 

• 

d(yydp 
100 

o 
70 

100 

95 

160 

8U 

185 

70 

220 

CO 

600 
830 
1340 
1400 
1760 


ALCOHOL.    A«-«-20o. 

o 
70 
100 
160 

66 
63 
51 

700 
1040 
1730 

PARATOLUIDINE.  Afl= 
*— 70°. 

100 
136 
160 

52 
50 
45 

870 
1240 
1580 

THYMOL.    A«=tf-20o. 


70 
100 
130 


lD«v 


910 
1360 
1710 


I      DIPHENYLAMTNE. 
!  «A  =  #— dOo. 


iro 

130 
160 


10«X 


960 
1390 
17S0 


Knowing  therefore  the  volume  changes  of  the  glass,  and  the  com- 
pressibility of  the  inclosed  liquid  under  the  given  conditions  of  pressui^e 
and  temperature,  the  correcton  dp  follows  by  division.  This  is  fully 
given  in  Table  27.  Utilizing  these  values  I  constructed  the  final  Table 
2S,  in  which  A  6  and  Ap,  such  as  would  be  observed  if  the  glass  tube 
were  absolutely  rigid,  are  inserted.  This  table  28  exhibits  the  impor- 
tance of  the  correction  dp,  relative  to  Jp.  For  J0  I  give  the  thermo- 
electric values  only,  believing  them  to  be  the  more  nearly  correct  The 
table  also  contains  Po  and  do,  which  are  the  initial  pressures  and  tempera- 
tures used  in  constructing  Jp  and  Ad  (cf.  Tables  12  to  16).  In  case  of 
paratoluidine  and  diphenylamine,  Po  had  to  be  estimated. 

•Barns:  Am.  Journ.  (3),  XXXIX.  1890,  p.  601. 
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TAm-K  27. — CorreciionB  (dp)  for  ihermat  and  elMiic  volume  okdngei  of  gtasB  tubes, 

ETHER. 


Ap 

A0 

Sv  X  10« 

10«x 

<.(f)/*. 

ip 

Ap.p 

A0 

ivXVfi 

10*  X 

ip 

475 
765 

1275 
780 
495 

.   52 

84 

144 

85 
53 

84 
164 

+  100 
+  300 

+  700 
+  300 
+  100 

110 
95 

"l 

740 

84 

+  350 

95 

+  i 

465 
750 
465 
740 
1250 
1370 
I 

52 
84 
53 
84 
142 
167 

+  200 
+  300 
+  150 
+  300 
+  600 
+  1150 

110 
95 

110 
95 
80 
70 

2 
3 

1 
3 
7 
16 

2 
4 
11 
30 

80 
95 
110 

9 
8 

1 

756 
1440 

1470 
705 

785 

4-  300 
+  900 

95 

p                  70 

3 
13 

490 
760 
1250 
1710 

52 

82 
141 
202 

H-  250 
+  400 
+  900. 
+  1800 

100 
95 
80 
60 

170 
84 

+  1080 
-f  280 

-       11 

16 
3 

84 

-f  300 

^ 

3 

816 
1760 

580 
1344 

82 
203 

51 
142 

+  400 
+  1750 
+  200 
H-  800 

95 
60 
100 
80 

4 
80 

2 
10 

770 
490 

84 
52 

84 
204 

52 
83 

+  300 
+  100 

95 

110 

a! 

1 

1 

3 

23  1 

1760 
850 
500 

1340 

f 

203 
83 
53 

141 

'  +  1700 
+  350 
4-  200 
+  800 

60 
95 

100 
80 

+  28 
+  4 
+  2 
+  10 

780 
1760 

+  300 
+  1400 

95 
60 

510 
820 

+    0 
-f-  100 

110 
95 

0  ' 

1 
1 

ALCOHOL. 


1    700 

63 

—  100 

66 

—  2 

1730 

144 

—  100 

51 

—  2 

1030 

«.\ 

—   50 

63 

-  1 

690 

52 

—   00 

CO 

—  0 

;    1730 

143 

—  100 

61 

-  2 

1050 

83 

—   60 

63 

—  1 

1030  1 

83 

-  100 

63 

-  2 

PARATOLTJIDINE. 


870 

31 

300 

52 

6 

1580 

80 

-  300 

45 

—  7 

1240 

56 

— 

410 

50 

— 

8 

THYMOL. 


900 

51 

-  600 

46 

—  11 

1710 

108 

—  950 

42 

-23 

1350 

83 

-  750 

44 

-  17 

930 

52 

—  500 

46 

—  11 

910 

52 

-  5'H) 

46 

—  11 

1370 

8:i 

—  750 

44 

—  17 

1360 

«^ 

-  750 

44 

-  17 

1715 

110 

—  850 

42 

—  20 

DIPHENTLAMINE. 


1000 

31 

—  450 

43 

—  10 

920 

30 

-  400 

43 

-  9 

'    1430 

68 

—  650 

40 

-  16 

1350 

67 

—  700 

40 

—  18 

1780 

03 

—  800 

88 

-  21 
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Table  28. — Itometrict — Digest  of  probahU  results  corrected. 


Sul>4t&nco. 

Ether 

«o--18P 

p«  —  30  atm  . . 


Atf 


60-6  I 
81-8  I 
142-5  I 
205-0  ' 


4^7 

2 

701 

4 

119« 

10 

1619 

30 


Ether i 

i 

I 
0e^l7» ■ 

iPu  =  30  atiu  . . . ' 


62-6  I 

I 
826  I 

142.1  t 

2050 


404 

2 

723 

4 

1209 

10 

1642 

28 


Ap 


Sabtttance. 


439 
705 
1206 
1649 


406 
727 
1219 
1670 


^ParatoluJdiDe 


«„  =  63». ...... 


A9 


31-4 
56-5 
00-4 


6p' 


441 

—a 

8liO 

-8 

1124 

~7 


Thymol 

tf»=17« 

j»o  =  80  atm  . . 


51-3 
82-7 
107-7 


710 
—11 
1158 
—17 
1495 
~2i 


Ah-uhol 

tfo  =  17» 

Pg  r^  50  atm  . 


530  i 
830  I 


556 
—2 
888 
— 1 
1575 
—2 


I  Thymol j      51-5 

|i  tfo=17" I       83* 

554  1  Po~ «>»tra...l     109-7 


887  1 

*l>ipht'nyla- 
1573  ii      mine 


729 
— n 
1171 
—17 
15J6 
—20 


Ap 


435 

792 
1117 


700 
1141 
1472 


718 
1154 
1486 


'I 


Alcohol 

«o  =  17* 

j)o  =  50  atm  . 


61-2 

5:J3 
-2 

551  1 

83-4 

889 
—I 

888  ' 

144-5 

1582 
-2 

1580 

flo  =  68«. 


888  ':  *Diphenyhi- 
mine 


«  =  C 


31-8 

4«7 

-10 

677 

900 

-16 

30-7 

479 

—10 

57-5 

904 

-18 

94-5 

1345 

-21 

477 


1324 


'  Pa  =  400  atHi.,  approximatoly. 


DEDUCTIONS. 


55.  Curvature  an§i  slope  of  the  isometrics, — ^The  dedactions  to  be  made 
from  the  above  laborious  investigation  can  be  briefly  stated.  It  con- 
duces to  clearness  to  express  graphically  both  the  data  of  Tables  20 
to  24,  as  yet  uncorrected  for  the  volume  changes  of  the  glass  tube  con- 
taining the  solutions,  as  well  as  the  data  of  Table  2Sj  in  which  this  cor- 
rection has  been  provisionally  added.  This  is  done  in  PI.  ii,  1  and  2,  in 
both  of  which  Jp  are  fully  given,  as  is  also  J6^  in  1.  In  2  the  change 
of  J$  is  represented,  and  the  points  are  connected  by  straight  lines  to 
bring  out  the  contour  of  the  curves. 

It  is  seen  at  a  glance  that  below  1,000  atmospheres  the  curves  are  so 
nearly  linear  that  they  may  be  accepted  as  such  with  an  error  no  larger 
than  lo  or  2^  at  1,000  atmospheres.  This  is  quite  within  the  unavoidai- 
ble  errors,  as  may  be  seen  from  an  inspection  of  tlie  individual  point-s. 
The  discrepancy  is  somewhat  greater  for  toluidine^;  here,  however,  the 
initial  temperature  is  high,  being  70^, 

Turning  first  (PI.  ii,  1)  to  ether,  the  deviation  firom  the  right  line 
at  1000  is  less  than  1^  C. ;  at  1500  atmospheres,  the  deviation  is  9'5o  in 
one  case  and  10°  in  the  other,  showing  an  abrupt  increase  of  curva- 
ture.   The  slopes  of  the  isometric  within  the  first  1000  atmospheres,  are 

'Owing  to  breakage  of  the  tube,  I  did  not  repeat  tolaidin^ 
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DIAGRAM  SHOWING  THE  ISOMETRICS  OF  ETHER,  ALC»<r 
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i^/1000=*114  in  one  case  and  115/1000= 'liso  per  atmosphere  in 

?  other.  .      ^ 

Alcohol  differs  from  all  the  other  isometrics,  inasmuch  as  the  cnrva- 

*e  is  upward.    The  deviation  at  1000  atmospheres  is  nearly  2o.    The 

tial  slope  of  the  isometric  95^/1000 = -0950  per  atmosphere. 

Thymol,  curiously  enough,  is  strikingly  near  a  straight  line.    The 

riation'at  1000  is  inappreciable.    The  slope  of  the  isometric  71/1000= 

1^  per  atmosphere. 

3ipheiiylamine  deviates  from  the  straight  line.  The  slope  is  63/1000= 

30  per  atmosphere. 

n  case  of  toluidine  the  slope  is  -OTOo  per  atmospere.    In  the  two 

ter  cases  it  must  be  remembered  that  the  initial  temperature  is  78^, 

I  the  initial  pressure  400  atmospheres.    The  deviation  fh>m  the.  rec- 

near  path  is  an  abrupt  high-temperature  occurrence. 

'arning  finally  to  pi.  ii,  2,  the  following  slopes  are  found  which  may 

tjompared  with  the  slope  of  1 : 

Table  29. — Observed  initial  slopes  of  the  isometrics. 


Ether. 


Not  corrected  for  volume 
cliaDf^es  of  glasa  tubes 

Corrected  forvoluroe  changea 
of  Klass  tubes 

Initial  temperature 

Initial  pressure^  atmosphere.. 

Boiling  point 

Melting  point 


oC.  /  atm. 

)  115  i 

<  116 

)  lU 

170 

80 
84° 


Alcohol. 


o(7.  /  atm. 
•095 

•095 

•094 
170 

50 
78° 


Thymol. 


I  Diphenyla-  Para-tolui- 
mine.  dine. 


00.  /  attn. 

•071 

•078 
•072 
170 

80 
2330 
530 


oa  /  aim. 
•063 
•066? 
•065  5 

68® 
(400) 
3100 

64° 


°0./i 


•070 

•072 

680 

(400) 

198© 

430 


;  is  seen  from  this  table,  as  well  as  from  .Table  28,  that  the  correc- 
to  be  applied  in  consequence  of  nonrigidity  of  glass  never  exceeds 
r  cent.  In  case  of  ether  and  alcohol  it  may  be  disregarded.  In 
other  cases  the  approximation  made  is  probably  warranted  without 
orate  measurements  of  the  elastics  of  glass, 
the  abrupt  change  of  curvature  above  1000  atmospheres  were  due 
,11  unwarranted-  application  of  Hooke's  law,  the  curvature  of  the 
letrics  would  tend  to  change  in  similar  ways  for  all  curves  at  the 
B  pressures.  This  is  not  the  case  for  the  above  curves,  in  which  the 
our  of  each  preserves  an  individual  character.  E  ven  after  the  gauge 
been  strained  (§  42)  I  detected  no  differences  in  the  factor.  Again, 
repetition  of  the  thymol  work  in  Table  22  (supplement),  made  es- 
illy  to  throw  light  on  the  present  question,  shows  that  no  time 
r  in  the  constants  of  the  pressure  apparatus  is  to  be  apprehended. 
te  slopes  given  in  the  last  table  have  no  absolute  value,  since  these 
must  vary  with  the  initial  volume  under  consideration.  Volume 
uirements  are  beyond  the  scope  of  the  present  paper.  I  may  state, 
ivevj  that  when  volume  measurements  are  included  the  complete 
nodynamics  of  liquid  matter  are  expressible  in  the  family  of  curves 
ined  with  a  degree  of  accuracy  which  is  experimentally  the  most 
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66.  Fbml  interpretation. — ^Por  the  time  being  the  above  results  admit 
of  the  following  interpretation:  Whenever  a  siibstance passes  fiom  tL*- 
liquid  to  the  gaseous  state,  no  matter  whether  this  takes  place  contm 
uously  above  the  critical  temperature  or  discontinuously  below  it,  tLt 
underlying  cause  is  a  change  of  molecule  from  a  more  complex  to  a  Je^> 
complex  type.  As  long  as  the  molecule  remains  unchanged  the  isomet- 
rics are  straight.  When  the  change  of  molecule  takes  place  so  as  r^ 
begin  with  the  liquid  molecule  and  pass  continuously  into  the  gase 
ous  molecule,  the  isometrics  curve  continuously  for  the  linear  isomo 
trie  of  the  true  liquid  to  that  of  the  true  gas.  Such  an  explanation  i> 
of  course  tentative.  It  rests  on  evidence  purely  experimental  and 
therefore  of  uncertain  interpretation;  and  it  is  suggested  by  a  contrw 
versy  which  I  have  summed  up  elsewhere^  as  follows:  "The linear  rt 
lation  was  predicted  from  theoretical  considerations  by  Dupr6  (IS^j'* 
and  by  L6vy  (1884) — considerations  soon  proved  to  be  inadequate  by 
Massieu,  H.  F.  Weber,  Boltzmann,  and  Glausius.  Kamsay  and  Yoaoi: 
(1887)  established'*  the  relation  in  question  experimentally  for  vap<irv. 
but  not,  I  think,  very  fully  for  liquids  decidedly  below  their  critical 
points.  Eeasoning  from  these  data,  Fitzgerald  (1887)  investigated  thf 
consequences  of  the  law,  viz :  (1)  specific  heat  under  constant  volume 
is  a  temperature  function  only;  (2)  internal  energy  and  entropy  can  U- 
expressed  as  a  sum  of  two  terms,  one  of  which  is  a  volume  function 
only  and  the  other  a  temperature  function  only.  Thus  Bamsay,  Youn^'. 
and  Fitzgerald  arrive  substantially  at  the  same  position  frt>m  whicb 
Dupr^  and  L6vy  originally  started." 

However,  too  much  care  can  not  be  taken  in  keeping  clearly  in  mirnl 
that  pressures  which,  in  relation  to  the  usual  laboratory  facilities,  art- 
exceptionally  large,  may  yet  be  mere  vanishing  increments  whec 
mapped  out  on  the  scale  of  the  molecular  pressures  of  liquids  and 
solids. 

Some  notion  of  the  internal  pressures  encountered  may  be  gained  a? 
follows: 

Studying  the  compression  of  organic  substances  throughout  an  in- 
terval of  310^  and  600  atmosx)heres,  I  found  that  the  isothermal  eoni 
pression  v/  Fcould  be  well  represented  by  an  equation  v/  F=ln  (l+aj?  '  ■ 
where  »9  and  a  are  constants  and  p  denotes  pressure.  Taking  this  as  a 
basis,  I  sought  the  mean  values  of  the  constants  involved  in  some  Mr- 
three  isothermals,  and  found  — i?/F=ln(l+9d)V9  to  apply  withio  the 
limits  of  error  of  my  work.  To  this  extent,  therefore,  compressibilitr 
increases  as  the  reciprocal  of  the  first  power  of  the  pressure  binomial 
(1/9'^+j)).  The  interpretation  to  be  given  to  1/9*  is  that  of  an  initial 
or  internal  pressure.  Computing  its  value  for  the  above  or  organit- 
liquids,  I  found  the  data  of  Table  30. 

>Ain.  Jonr.,  Sci.  3d  ser.,  vol.  3«,  1889,  p.  407. 

»  For  a  i.>re.s8iire  interval  not  exceeding  abont  80  atmospberes  for  a  groap  of  isometrics,  nor  about  J' 
atmospheres  for  a  single  isometric.    Sco  Kamsay  and  Young,  Phil.  Hag.: dth  aer.,  irol.  23, 1887,  p-O^ 
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Table  ZO,— Order  of  value*  for  internal  prM^ure,  aesuming  d  Ci^^  dp  :=*e  \  (1-^9^  i>)f 


Sabat. 

B 

Internal 
pressure. 

Subst. 

e 

Internal 
preaaure. 

Ether  !>.=  100. 

290 

650 

10«o 
I860 
310° 

Attn. 
673 
491 

32:j 

110 
32 

Para-tolni- 
dinepo=20. 

OC. 

28° 
65° 
1000 
1850 
310O 

Atm. 

1,852 

1,610 

1,262 

671 

268 

Alcohol  p.= 
150 

28° 

650 

1000 

1850 

310° 

1,249 
967 
703 
836 

.     80 

Di  phenyl  am- 
ine po=0  ... 

65° 
1000 
185° 
310O 

1.709 

1,610 

1,010 

521 

Thymol 

i 

280 
64° 

1000 
.     1850 

8IO0 

1 

1.683 

1,481 

1,146 

660 

228 

1 

If,  however,  compressibility  be  supposed  to  vary  as  the  square  of  the 
pressure  binomial,^  viz; 


^(y)  /dp^-f./{l  +  .py, 


tbe  internal  pressures  corresponding,  will  have  about  twice  the  above 
values.  Kow  it  appears,  from  recent  experiments  of  my  own,  that  the 
last  expression  is  probably  the  more  nearly  true.  It  follows  therefore 
that  at  zero  centigrade,  internal  pressures  of  the  order  of  1,000  to  4,000 
atmospheres  are  to  be  taken  into  account. 

57.  Isometries  of  solid  glass. — A  singularly  curious  inference  is  sug- 
crested  in  comparing  the  approximate  isometrics  of  glass  above  de- 
duced, (§§  52, 53),  with  the  liquid  isometrics  of  the  present  and  eailier 
papers.  It  appears  that  for  solid  glass  the  slope  of  the  isometric  is 
about  1000/1000  =  .10  per  atmosphere  in  its  initial  course.  This  coin- 
cides very  nearly  with  the  slope  of  the  isometrics  of  the  above  organic 
liquids,  varying  as  they  do  between  .07°  and  .12o  per  atmosphere.  In 
view  of  the  similarity  of  glass  and  the  rock  producing  magma,  this 
degree  of  isometric  similarity  is  of  great  interest.  In  general  the* 
proximity  of  the  solid  and  liquid  isometric  of  compound  matter  is 
worthy  of  note. 

The  metallic  isometrics  are  different  from  the  above.    So  far  as  they 
can  be  obtained*  the  slope  of  the  isometric 


io« 


jkfi 


per  atmosphere,  where  Jc  and  jS  are  respectively  the  resilience  of  vol- 
ume and  the  coefficient  of  expansion,  is  only  -0140  for  steel,  '016^  for 

•  Cf.  Barus:  Am.  Joiim.  Sci.  (3),  vol.  39,  1890,  pp.  497-506. 

'Constants  k  and  /3  are  taken  from  Everott's  tables.      Digitized  by  C^jOOQ IC 
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•iron,  and  •Olio  for  copper.    They  thas  preserve  an  order  of  magnitude 
different  firom  that  of  glass  or  the  above  organic  liquids. 

68.  Canelusion. — In  conclusion  I  will  advert  to  the  easy  possibility  of 
obtaining  families  of  isometrics,  and  from  them  a  complete  represeuta 
tion  of  the  isometrics  of  liquids  with  a  given  pressure  interval  of  say. 
.3000  atmospheres.  For  this  purpose  it  is  merely  necessary  to  chau{2:e 
the  volume  of  liquid  contained  in  the  glass  tubes,  and  to  refer  all  vf»1 
umes  to  the  one  obtaining  at  the  initial  temperature.  Thus  in  the 
above  tube  and  in  case  of  ether,  temperatures  pass  from  20^  to  22ii^\ 
while  pressure  varies  from  0  to  1,900  atmospheres,  say.  Suppose,  now, 
'that  the  electric  contact  is  moved  in  such  a  way  that  at  200°  the  pres- 
sure producing  contact  is  not  much  greater  than  the  vapor  tension  of 
the  liquid.  Clearly,  therefore,  the  isometrics  may  now  be  studied  be- 
tween 200°  and  a  temperature  between  300°  and  400°,  while  pressure 
varies  between  0  and  2,000  atmospheres  as  before,  etd.  Apart  from 
the  unavoidable  tediousness  of  the  work,  the  experimental  devices 
suitable  for  accomplishing  this  easily  suggest  themselves. 
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A  COMPARISON  OF  THE  BOURDON,  THE  TAIT,  AND  THE  AMAGAT 
HIGH-PRESSURE  GAUGES. 

HISTOUICAL. 

69.  The  earlier  worJc, — In  my  earlier  work  (chapter  ii),  while  inves- 
tigating the  isometrics  of  liquids,  I  was  obliged  to  content  myself  wit^ 
an  investigation  of  empiric  pressure  gauges.  I  found  by  comparing 
different  Tait  gauges  with  a  large  Bourdon  gauge  that  so  long  as  pres- 
sure continually  increased  from  zero,  the  relation  between  the  indication 
of  each  under  like  conditions  of  pressure  was  linear;  but  that  when 
pressure  again  decreased  from  the  high  value  (1,00 )  atmospheres  or 
more)  to  zero,  this  relation  changed  to  a  markedly  curvilinear  locus,  of 
such  a  kind  that  eventually  the  original  zero  of  both  guages  was  re- 
gained. So  long  as  increasing  pressures  alone  were  dealt  with,  either 
of  these  gauges  could  be  used  with  safety.  The  present  work,  in  which 
both  gauges  are  directly  compared  with  Araagat's  manom^tre  ^  pistons 
libres,  (corroborates  this  inference,  and  shows  that  the  bow-shaped  cycles^ 
represent  the  iictual  motion  of  the  free  end  of  the  Bourdon  tube.  From 
this  point  of  view  the  present  datea  are  important,  for  they  supply  an 
example  of  purely  mechanical  hysteresis,  and  possibly  of  metallic  vol- 
ume lag.  The  data  also  show  that  cyclic  indications  are  absent  in  thci 
steel  Tait  gauge,  and  that  this  instrument  may  be  adopted  for  the 
scientific  measurement  of  pressures  of  any  value  whatever. 

80.  Amagafs  inanometer. — The  instrument  in  my  possession^  is  con- 
structed for  the  measurement  of  pressures  as  high  as  3,000  atmos- 
pheres. At  this  extreme  limit  the  height  of  the  compensating  column 
of  mercury  (the  diameters  of  the  two  pistons  being  •549*^°'  and  12*171'"' 
respectively)  will  be  about  464®'".  To  read  so  long  a  colunm  with  reason- 
able convenience,  I  fixed  a  long,  painter's  ladder  in  a  vertical  position, 
and  permanently  attached  to  one  side  of  it  both  the  open  manometer 
tube  and  the  long  millimetre  scale,  which  I  ruled  with  care  on  a  wide 
strip  of  brass.  A  round  leather  belt,  passing  fro  m  top  to  bottom  of  the 
ladder  and  everywhere  within  easy  reach,  passed  over  a  pulley  adjust- 
ment, and  was  suitably  connected  with  the  mechanism  for  rotating  the 
two  "pistons  libres."  In  this  way  I  was  able  to  make  this  essential  ad- 
justment immediately  before  taking  my  reading,  no  matter  what  my 
position  on  the  ladder  might  be. 


'Phil.  Mag.,  Sth  ser.,  vol.  30,  1890,  p.  338.  Ibid.,  pi.  x.   In  tlio  paper  citod  I  was  of  tho  opinion  that 
the  cycles  were  thermal  phenomena  to  be  soii^^Ut  lor  in  tlio  Tait  gauge. 
'Marked  E.  H.  Aniagat,  Lyon,  1890.  ^^  T 
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I  fouDd  by  trial,  that  by  asiug^  the  tkick  mineral  machine  oil  mentioned 
in  my  last  paper  ^^  the  manometer  would  be  at  once  connected  with  my 
screw  compressor,  and  that  the  charge  of  molasses  was  quite  super- 
Huous.  I  also  floated  the  lower  piston  in  this  oil.  Thus  the  same  oily 
liquid  for  the  trailsmission  of  pressure  is  used  with  advantage  through- 
out the  system  of  apparatus.  Once  put  together,  it  is  ready  for  use  at 
all  times  and  need  not  again  be  touched  in  years.  Care  of  course  must 
be  taken  to  obtain  oil  free  from  grit  or  dust. 

61.  The  Bourdon  gauge. — The  gauge  used  was  the  one  to  which  my 
earlier  measurements  apply,  having  a  tube  of  steel.  I  made  two  series 
of  comparisons  of  this  gauge  with  the  manometer.  In  the  first  of  these 
the  usual  Bourdon  multiplying  gear  was  used;  in  the  other  the  excur- 
sions of  the  free  end  of  the  Bourdon  tube  were  read  off  directly  with  a 
Fraunhofer  microscopic  micrometer  after  the  multiplying  gear  had  been 
detached.  Of  many  experiments  of  this  kin  d  which  I  made  I  will  give 
the  following  typical  examples  con  tained  in  Tables  31  and  32.  In  Table 
1  the  Bourdon  registry  is  given  at  once  in  atmospheres,  the  Amagat 
registry  both  in  centimeters  and  in  the  atmospheres  reduced  therefrom. 
There  are  four  series  of  observations,  two  of  them  within  an  interval  ot 
600  atmospheres  and  the  other  two  within  1,000  atmospheres.  Two 
observations  are  made  at  each  step  of  pressure.  In  Table  32  the  mi- 
crometer position  of  the  end  of  the  Bourdon  gauge  is  given  in  cm./'40, 
this  being  the  scale  part  of  the  Fraunhofer  gauge.  In  other  respects 
the  data  are  given  as  in  Table  31. ,  Observations  were  made  in  triplet-s, 
two  at  the  manometer  including  each  one  at  the  Bourdon  gauge. 

Table  31. — Cyclic  comparison  of  the  Bourdon  gauge  {steel  tube)  with  the  Amagat  mano- 
meter.— Multiplying  gear. 


Bourdon. 

Amagat. 

Amagat. 

Bourdon. 

Amagat. 

Amagat. 

Bourdon. 

Amagat 

Amagat 

Attn. 

On*. 

Atm. 

Atm. 

Om. 

Atm. 

Atm' 

Om. 

Atm. 

188 

28-66 

185 

21 

2-60 

16 

466 

72-40 

468 

174 

26-80 

173 

242 

87-30 

241 

458 

70.80 

458 

322 

50.30 

825 

231 

85-80 

232 

650 

101-00 

663 

312 

48.60 

314 

472 

73-30 

474 

645 

00-90 

647 

467 

70-90 

459 

457 

71-30 

461 

855 

133-00 

860 

446 

69-20 

448 

660 

102-00 

660 

838 

128-60 

833 

310 

49-50 

314 

640 

99-30 

642 

966 

161-80 

963 

313 

4810 

311 

859 

131-30 

849 

977 

148-30 

000 

162 

24-30 

167 

844 

128-80 

833 

964 

147-30 

054 

165 

24-50 

158 

991 

151-80 

982 

950 

144-80 

037 

27 

3-60 

23 

977 

148-80 

962 

840 

125.00 

800 

847 
837 

126-00 
124-20 

815 
804 

834 
681 

123-90 
00-80 

802 

587 

29 

3-70 

24 

172 

26-30 

170 

651 

93-60 

606 

626 

9000 

682 

168 

25-50 

165 

646 

92-90 

601 

440 

60-60 

886 

317 

49-10 

818 

475 

65-10 

421 

440 

69-60 

386 

305 

47-30 

806 

475 

64-90 

420 

260 

83-80 

216 

462 

71-80 

464 

262 

84-50 

223 

264 

84-40 

222 

444 

69-10 

447 

263 

34-70 

225 

35 

8-30 

21 

433 

67-20 

435 

28 

2-50 

16 

36 

8-80 

26 

224 

33-90 

219 

28 

2-70 

17 

225 

88 

34-10 
12-10 

221 

78 

30 

2-90 

19 

84 

12-10 

78 

251 

38-60 

250 

90 

2-50 

16 

245 

37-50 

243 

*Phil.  Mag.,5th  ser.,  vol.  31, 1891,  p.  10.    I  have  always  found  it  proferablo  to  use  oil^r  instead  <i^ 
aqueous  liq^nids,  by  wliich  fine  parts  of  steol  are  liable  to  rust... 
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Table  ^. — Cyclic  comparison  of  the  Bour^pn  gauge  (steel  lube)  with  the  Amagat  manom' 
eter,    Fraunhofer  micrometer. 


Bonrdon. 

Amai^ftt. 

Amagat. 

1 
Boiirclon. 

AmRKat. 

Amagat. 

Oi»./40 

Om. 

Attn. 

Cm,y40 

Om. 

Atm. 

19 -09 

'00 

0 

18-92 

-10 

1 

16  04 

35-30 

228 

15-83 

37-40 

242 

16  12 

35  10 

227 

15-87 

36-90 

230 

11  93 

80-80 

923 

11-91 

80-80 

523 

12  19 

80-10 

518 

12-20 

79-30 

513 

8-40 

119-30 

772 

8-86 

112 -fO 

780 

8-98 

118-30 

765 

9  18 

J 11 -30 

720 

5-23 

149-80 

960 

5-25 

149  '80 

969 

5-66 

147  -80 

956 

5-70 

147-80 

956 

6  02 

141-30 

914 

6  16 

144-50 

935 

6  12 

141  -30 

914 

6-33 

139  -30 

901 

7-94 

116-30 

758 

8-20 

116  -80 

756 

8-36 

116-30 

753 

8-39 

lU  -30 

739 

11-20 

82-70 

5;i5 

H08 

83-30 

539 

11-28 

82-60 

534 

1108 

83  -30 

539 

15  18 

38-80 

251 

14-80 

41-80 

270 

15  18 

39-20 

254 

14-80 

42-40 

274 

18-97 

'00 

0 

19-06 

•00 

0 

DISCirSSION  OF  RESULTS. 

62.  Multiplying  mechanism. — Constructing  Table  31  graphically,  it 
il)])ears  that  within  the  errors  of  reading  the  observations  of  the  first 
wo  series  lie  on  a  straight  line.  In  series  1  the  '^on''  and  "off"  meas« 
irements  possibly  suggest  a  cycle  whose  maximum  divergence  is  not 
ibove  5  atmospheres.  The  factor  of  the  Bourdon  gauge  (SS)  taken 
Vom  these  data  is  -998  "on,"  and  -987  "off."  In  series  2  this  factor 
las  changed  to  '984  "on,"  and  '992  "off."  There  is  no  cyclic  march. 
t  follows  from  both  series,  barring  observational  errors,  that  a  cyclic 
narch  within  an  interval  of  600  atmospheres  does  not  occur. 

The  third  series  "on  "  shows^a  change  of  rate  above  700  atmospheres; 
has  the  locus  is  composed  of  two  straight  lines.  The  return  march  is 
low  distinctly  cyclic,  and  at  500  shows  a  breadth  of  almost  60  atmos- 
iheres.  The*Sero  is  regained  within  10  atmospheres.  The  mean  factor 
^  •991  below,  and  1'008  above  700  atmospheres  in  the  "on"  march, 
'lie  mean  factor  of  the  "  off"  march  is  of  no  interest.  In  the  fourth  series, 
iially,  the  remarks  made  relative  to  series  3  are  substantiated  through- 
ut.  The  factor  below  700  atmospheres  is  '982,  and  above  700  is  1*072. 
'here  is  some  error  in  this  last  result,  probably  due  to  unwarrantably 
i porous  tapping  of  the  gauge.  The  width  of  the  cycle  at  500,  about 
0  atmospheres. 

Hence,  the  inferences  drawn  in  the  earlier  paper  from  a  direct  com- 
arison  of  the  Bourdon  and  Tait  gauges^  are  valid  throughout.  It  is 
ratifying  to  note  that  even  the  standard  atmosphere  formerly  used  is 
[>rrect  to  -8  per  cent.  The  present  results,  however,  go  further  in  show- 
}g  that  the  cyclic  march  in  question  is  in  the  Bourdon  gauge,  whereas 
le  iudications  of  the  steel  Tait  gauge  are  probably  very  near  the  truth. 
iiice  1  reversed  the  action  of  the  Bourdon  mechanism  at  different  test 

>  Phil.  Mag.,  5th  ser.,  vol.  30,  1890,  pp.  343  et  seq. ;  ibid.,  §  18;  the  breadth  of  cycles  here  waa  about  40 
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readiDgs  it  can  not  be  supposed  that  these  cycles  are  in  the  multiplying 
gear.  Nevertheless  this  test  is  essential,  and  the  results  obtained  are 
given  in  the  next  paragraph. 

63.  Fraunhofer  micrometer. — Care  was  taken  to  fix  the  axis  of  tbe 
screw  parallel  to  the  line  of  motion  of  the  free  end  of  the  Bourdon 
gauge,  which  makes  an  angle  of  nearly  45^  with  the  tangent  at  tbe 
end  of  the  tube.  Table  32  shows  the  total  motion  to  have  been  about 
4CIH  p^j,  ijOOO  atmospheres,  where  it  is  to  be  noted,  however,  that  the 
solid  tapering  conoidal  plug  at  the  end  of  the  flat  tube  was  about  10"° 
long.  Of  the  two  series  given  in  Table  32,  the  "on"  march  of  the  first 
shows  some  convexity  upward.  The  factor  is  •362*^"'  per  1,000  atmos- 
pheres. The  data  of  the  "off"  march  show  distinct  convexity  down- 
ward. Hence  the  two  curves  form  a  cycle  whose  breadth  at  500  atmos- 
pheres is  about  40  atmospheres,  a  .result  agreeing  substantially  with 
§  62.  The  data  of  the  second  series,  which  show  rather  better  agree- 
ment among  themselves,  corroborate  the  results  of  the  first  series 
throughout.  The  mean  factor  in  the  "on"  march  is  -SOl*^"*  per  1,000 
atmospheres — nearly  identical  with  the  above. 

The  bow-shaped  cycles,  therefore,  obtained  in  the  present  and  earlier 
paper^  represent  a  case  of  actual  hysteresis.  A  certain  amount  of 
strain  is  stored  up  in  the  Bourdon  tube  during  the  intierval  of  com- 
pression, which,  during  removal  of  pressure,  is  always  relieved  more 
slowly  than  pressure  decreases.  The  phenomenon  is  thus  static  in 
character,  and  I  venture  to  regard  it  as  depending  on  the  occurrence 
of  volume  lag  in  those  parts  of  the  tube  which  are  directly  influenced 
by  pressure.  In  other  words,  the  molecules  of  metal  near  the  inside  of 
the  Bourdon  tube  pass  from  the  original  to  a  second  molecular  state 
in  proportion  as  a  certain  pressure  P  is  approached  and  exceeded, 
whereas  these  molecules  pass  from  the  second  molecular  state  back  to 
the  first  again  in  proportion  as  pressure  falls  below  a  certain  other 
datum  Pj  where  P>p.  Kow,  inasmuch  as  Table  31  shows  that  within 
500  atmospheres  there  is  no  appreciable  hysteresis,,  while  both  Tables 
31  and  32  show  marked  cyclic  changes  between  0  and  1,000  atmos- 
pheres, it  follows  from  the  data  in  question  that  P  must  lie  somewhere 
between  600  and  1,000  atmospheres,  whereas  p  may  lie  below  300  at- 
mosi)heres.  Here,  therefore,  is  a  phenomenon  very  similar  to  the  efiect 
of  pressure  on  an  undercooled  liquid. 

Two  other  possible  explanations  of  the  cyclic  changes  may  be  noted. 
In  the  first  i)lace,  it  is  conceivable  that  the  Bourdon  tube  is  hotter  dur- 
ing the  "oft'"  march  than  during  the  "on"  march.  To  test  this 
directly  it  would  be  necessary  to  submerge  the  tube  in  a  water  bath, 
which  is  scarcely  feasible  without  injuring  the  mechanism.  But  I 
hold  such  an  explanation  improbable.  If  it  were  true  the  comparison 
within  500  atmospheres  (Table  1)  should  show  a  cyclic  magnitude  pit)- 


iPhil.  Mag.,  5th  ser^  vol.  80,  1890,  pp.  B44  et  seq.    See  PL  X.  Cf.  chap.  i«  §  16,  above. 
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portioual  to  the  cycle  corresponding  to  the  interval  1,000  atmospheres, 
which  it  does  not.  Again,  the  cycles  should  quite  vanish  on  long  wait- 
ing (Ave  minutes  were  allowed  per  observation  in  my  earlier  work), 
which  they  do  not. 

The  other  explanation,  which  seems  to  me  equally  improbable,  is  this : 
There  may  be  two  figures  of  equilibrium  of  the  Bourdon  tube,  one  cor- 
responding to  low  pressure  the  other  to  high  pressure,  and  the  figure 
of  labile  equilibrium  through  which  the  tube  passes  from  the  first  to 
the  second  may  be  maintained  over  a  relatively  large  interval  of  pres- 
sure. 

In  general,  therefore,  it  follows  that  if  the  Bourdon  gauge  is  to  be 
used  for  high  pressures,  it  is  necessary  to  take  cognizance  of  discrep- 
ancies inherent  in  the  chemical  physics  of  the  metal,  in  addition  to  the 
mathematical  difficulties  discussed  by  Lord  Rayleigh,  Profs.  Greenhill 
and  Worthington, 

64.  The  Tait  gauge. — In  Table  33  1  give  two  series  of  cyclic  compari- 
sons of  the  Tait  gauge  with  the  Amagat  manometer.  The  plan  of 
work  was  similar  to  that  described  in  section  61.  Headings  were  made 
in  triplets — ^two  at  the  Amagat  manometer,  including  one  at  the  Tait 
gauge.  An  interval  of  two  minutes  was  allowed  for  cooling.  The  Tait 
gau/?e  used  is  the  same  to  which  my  earUer  observations  apply.^  Tiie 
interval  of  comparison  is  1,500  atmospheres.  At  the  end  of  Table  33 
a  short  r^8um6  of  the  factors  (cm.  atm.)  corresponding  to  consecutive 
pressure  intervals  is  given. 

Tabla  33. — Cyclic  comparison  of  Tait  gauge  (steel  tube)  with  the  Amagat  manometer. 


Tait. 

Amngat 

Amagat. 

Tait. 

Amagat. 

Amagat 

Cm. 

Cm. 

Atm. 

Cm, 

Cm. 

Atm. 

12-65 

•20 

1 

12-90 

•00 

0 

2105 

88-30 

248 

21-30 

38-00 

246 

20-73 

37-00 

239 

20-95 

36-40 

286 

2935 

75-30 

487 

3017 

76-90 

406 

28-75 

72-30 

468 

29-25 

73-10 

484 

40-80 

124-30 

804 

38-82 

114-80 

743 

30-72 

118-70 

768 

3809 

111-90 

724 

5105 

16800 

1,087 

50-14 

163-50 

1057 

50-16 

163  70 

1,059 

49-10 

159-60 

1,033 

50-20 

201-70 

1,305 

6019 

206-50 

1.335 

57-80 

195-60 

1,266 

58-58 

200-00 

1,294 

64-00 

225-60 

1.460 

65-42 

228-00 

1,481 

63-08 

221-30 

1.432  i 

64-05 

22210 

1,437 

63-30 

218-60 

1.414  1 

62-50 

216-00 

1,398 

62-50 

215-40 

1.394 

6200 

213-90 

1,384 

57-20 

192-70 

1,5M7  , 

58-50 

199-20 

1,289 

50-65 

190*10 

1,230 

5»15 

19730 

1,277 

4905 

157-70 

1,020 

49-49 

160-50 

1.C38 

45-50 

155-20 

1,004 

49-28 

150-50 

1,022 

4100 

12300 

796 

40-45 

121-30 

786 

40-72 

12140 

786 

40-23 

120-50 

780 

31-92 

aT30 

539 

20-86 

75-60 

480 

31-57 

82-00 

530 

29-50 

74-20 

480 

22-44 

41-90 

271 

2001 

32-40 

210 

22-49 

42-10 

272 

20-06 

32-30 

209 

1305 

-10 

1 

12-85 

—  10 

—1 

12-85 

•10 

1 

12-93 

—  10 

—1 

>FhU.  Mag.,  5th  ser.,  vol.  30, 1699,  p.  344,  §  18,  gauge  ^0.1. 
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Factors  of  the  Tail  gauge. 


[BCIL.9L 


Series. 


on... 
on... 
on... 
off... 
off... 
off... 

on... 

on... 

on... 

off... 

off.. 

off... 


PresHure  in- 
terval. 


Atm. 

200  to  1, 100 

500  to  1.  aoo 

fi00to],500 
800  to  1,400 
500  to  1, 200 
300  to  1,000 

200  to  1.000 
500  to  1,300 
700  to  1, 500 
80O  to  1,400 
600tOl,2tOO 
200  to  1,000 


Factor. 


Means  on 
I   and  off.  ! 


Mean 
total. 


Cm.  atm.  Cm./atm,\ 
•03380 


»04U 
3064 
•03595 
3577 
3555 


95    > 

77    [ 

...k. 


•03028 


•03576 


•03544 
3602 
3025 

•03604 
3ft»l 
3570 


!■ 


03591 


•035M 


66.  Table  33  substantiates  the  inferences  of  section  62  relative  to  the 
absence  of  cycles  in  tlie  registry  of  the  Tait  gauge.  In  the  first  serit\s, 
^^on,*^  the  data  above  300  atmospheres  make  up  a  straight  lime.  Be- 
tween 0  and  300  atmospheres  the  registration  of  the  Tait  gauge  is  tm 
high,  being  more  in  error  as  the  pressure  zero  is  approache<l,  where  the 
discrepancy  is  30  atmospheres.  In  the  "  oif "  march  all  the  points  lie  on 
a  straight  line,  excepting  the  zero,  which  is  10  atmospheres  too  high 
on  the  Tait  gauge.  Thus  the  locus  consists  of  two  straight  lines  con- 
verging at  1,5(K)  atmospheres,  and  the  cyclic  charact^ir  oi  the  data  in 
section  61  does  not  appear.  In  the  second  series,  though  preserving  the 
general  character  of  series  1,  the  "off"  march  practically  returns  in  the 
line  of  the  "on"  march.    Thus  again  true  cyclic  changes  are  absent. 

As  a  whole,  therefore,  the  observations  lie  on  a  very  flat  curve,  which 
above  300  atmospheres  passes  into  a  straight  line.  (See  Fig  11.)  It  is 
difticntt  to  conjecture  the  cause  of  this  curious  low  pressure  discrepancy 
in  consequence  of  the  great  number  of  errors  which  may  jwssibly  be 
encountered,  though  it  may  be  remarked  that  the  rise  of  temperature  of 
aliquidperlOO  atmospheres  of  compression  may  decrease  with  increasing 
pressure,  since  at  low  pressures  compressibility  is  relatively  large. 
Table  33  shows,  finally,  that  the  mean  factor  derived  from  all  the  series? 
is  .03596  cm. /atm.  This  is  to  be  increased  about  4  per  cent,  to  correct 
for  the  temperature  of  the  mercury  columu  of  the  manometer.  Hence 
the  factor  is  .0361  cm./atm.  In  my  former  paper  the  results^  were  .03(K> 
to  .0369  cm./atm.,  showing  that  my  standard  atmosphere  nuist  have  been 
less  than  2  lyev  cent  in  error.  It  is  altogether  probable  that  this  dif- 
ference of  factor  (2  per  cent)  is  the  result  of  the  excessive  use  and  abuse 
to  which  the  gauge  was  put  during  the  intervening  nine  months.  Re- 
garding the  observations  as  a  whole  I  believe  the  re^^idual  discrepan- 
cies to  be  due  rather  to  unavoidable  tiuctuations  of  the  temperature  of 
the  water  jacket  than  to  thermal  eflfects  of  compression,  or  viscosity  of 
metal.  For  this  reason  I  doubt  whether  any  permanent  expansion  of 
the  metal  within  1,500  atmospheres  has  been  registered. 


1  Phil.  Ma{{.  5th  8or.,  vol.  30,  Table  iv,  p.  345.    ThU  table  contains  oin./Atin.  Ui«$ead  of  cm.  X  10*/«tm. 
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66.— In  the  attempt  to  cany  these  eomparisons  above  2,000  atiuos- 
pheres,  I  ruptured  the  stout  tube      i 


vrbich  conuected  the  compressor 
with  tlie  manometer.  The  above 
work,  however,  shows  conclu- 
sively that  the  Tait  gauge  may 
be  perfected  so  as  to  be  available 
for  precise  measurement.  It  may 
be  pennissible  to  indicate  the 
way  in  which  I  am  endeavoring 
to  do  this  here;  since  many  of 
the  exi)erimen  tal  contrivances 
involved  have  already  been  test- 
ed. The  tables  have  shown  that 
the  most  annoying  difficulty  is 
encountered  in  maintaining  the 
temperature  of  the  water  jacket 
sufficiently  constant.  To  this 
end  the  whole  gauge  is  to  be 
constructed  of  metal  with  close- 
fitting  jackets.  Furthermore, 
choice  is  to  be  made  of  as  thin 
walletl  a  steel  measuring  tube 
a^s  possible,  in  order  that  the 
volume  increase  due  to  pressure, 
may  be  large  relatively  to  the 
simultaneous  effects  of  fluctua- 
tions of  temperature.  There  is 
reason  to  believe  that  this  can 
be  accomplished  by  connecting 
the  Tait  gauge  with  the  com- 
pressor by  an  interposed  <' pis- 
ton libre.''  In  the  annexed  dia- 
gram. Fig.  12,  let  B  be  the  cy- 
lindrical piston,  consisting  of  a 
single  piece,  of  which  one  end 
is  larger  in  diameter  than  the 
other.  Let  this  piston.fit  the  hol- 
low cylinder  C  C  C  accurately, 
so  as  to  be  capable  of  motion  to 
and  fro  and  of  rotation,  with  the 
minimum  of  friction.  Let  the 
tube  I)  be  in  connection  with  the 
compressor,  the  tube  U  in  con- 
nection with  the  Tait  gauge,  and 
the  whole  apparatus  be  filled 
with  oil.    Theu  it  is  clear  that 
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the  exceptionally  high  pressure,  acting  only  on  the  shoalder  of  the  piston, 
can  be  counterbalanced  by  a  relatively  low  pressure  at  E.  Living  tk 
essential  details  of  construction  out  of  consideration,  a  Tait  gau^e 
reading  to  only  1000  atmospheres  may  thus  be  made  to  indicate  pre^ 
sure  2y  3,  or  more  times  as  large  as  this  at  D,  by  selecting  suiUbk 
dimensions  of  piston  and  socket.  Hence  even  very  high  pressures  can 
be  measui'ed  by  aid  of  a  thin-walled  steel  tube,  the  pressure  expan- 
sions of  which  are  so  large  that  the  accompanying  thermal  fluctuations 
of  the  environment  dwindle  to  very  small  importance.  I  am  far  from 
underestimating  the  importance  of  Amagat's  manometer  as  a  standard 


Fio.  12.— •'Piston  libre,"  for  high  pressure. 

instrument  leading  at  once  to  absolute  results;  but  it  is  certainly  in 
convenient  to  be  obliged  to  make  readings  on  a  column  of  mercury 
which  may  be  5  meters  high,  even  when  a  stirring  arrangement  such  a^ 
that  described  in  §  60  is  provided.  I  doubt,  moreover,  whether  it  would 
conduce  to  convenience,  and  certainty  if  the  readings  were  made  by 
some  easily  devised  electrical  method.  On  the  other  hand,  in  case  of 
the  Tait  gauge,  the  pressures  are  read  off  on  a  horizontal  tube  aboni 
1  meter  in  length  and  as  far  as  2000  atmosphere-s  without  "pistons 
libres,^  and  therefore  quite  without  diminution  of  pressure  in  con- 
sequence of  unavoidable  leakage.  Eegarding  gauges  quite  free  from 
leakage,  I  hope  soon  to  be  able  to  communicate  results  on  the  electrical 
behavior  of  pure  mercury  under  pressure. 
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CHAPTER  IV. 

THE  CONTINUITY  OF  SOLID  AND  LIQUID.* 
INTBODUCTOBY. 

67.  Scape  of  the  work, — In  my  earlier  papers'  I  entered  somewhat 
minutely  into  the  volume  thermodynamics  of  fluid  matter.  The  be- 
havior of  matter  passing  from  liquid  to  solid  and  back  again  was  only 
incidentally  considered.*  This,  however,  is  the  very  feature  which  gives 
character,  or  at  least  a  morfe  easily  interpretable  character,  to  the  whole 
of  the  volume  phenomena  of  the  substance,  and  I  have  therefore  re- 
served it  for  special  research. 

The  problem  may  be  looked  upon  from  another  point  of  view.  Let 
it  be  required  to  find  the  relation  of  melting  point  and  pre^ure.  I 
have  long  since  shown*  that  in  a  comprehensive  attack  of  this  question 
the  crude  optical  or  other  methods  hitherto  used  as  criteria  of  fusion 
(criteria  which  have  no  inherent  relation  to  the  phenomenon  to  be 
observed)  must  be  discarded.  In  their  st^d  the  volume  changes  which 
nearly  always  accompany  change  of  physical  state  in  a  definite  or 
simple  substance  are  to  be  employed. 

The  present  experiments  were  made  with  naphthalene  only.  They 
are  by  no  means  even  near  the  degree  of  precision  of  which  the  applied 
plan  of  research  admits.  My  chief  object  here  has  been  to  carry  the 
method  quite  through  to  an  issue  preliminarily  and  to  test  it  at  every 
point.  The  data  are  sufficient,  however,  to  show  that  the  process 
adopted,  though  I  approached  it  with  much  misgiving,  can  be  brought 
under  control  throughout,  and  that  the  attainable  accuracy  is  only 
limited  by  the  patience,  discernment,  and  skill  of  the  observer.  I  was 
in  some  degree  suri)rised  therefore  to  find  that  my  method  led  to  new 
results  at  the  outset. 

The  literature  of  the  subject  I  shall  omit  here,  since  the  more  im- 
portant experiments  have  entered  the  text-books  and  since  I  shall  have 
occasion  to  refer  to  it  elsewhere.    I  need  merely  mention  Sir  William 

1  The  geological  interpretation  of  this  work  is  in  the  hands  of  Mr.  Clarence  King,  by  whom  tlie 
inquiry  was  0a  ggested. 

SAm.  Jour.  Sci.,  3d  ser.,  vol.  38,  1R89,  p.  407;  ibid.,  vol.  39,  1800,  p.  478;  ibid.,  vol.  40,  1800,  p.  210; 
ibid.,  vol.  41,  1801,  p.  110;  Phil.  Mag.,  5th  ser.,  vol.  30,  1890,  p.  338. 

»Ara.  Jour.  Sci.,  3d  ser.,  vol.  38,  1889,  p.  408;  ibid.,  vol,  39,  1890,  pp.  400,  401,  404.  Most  of  my 
earlier  work,  on  this  snbjoct  has  thTi8  far  remained  unpublished. 

«  Am.  Jour.  Sci.,  loo.  cit.  More  pointedly  with  an  indication  of  methods  in  Phil.  Mag.,  5th  ser.,  vol .  31i 
1891,  p.  14. 
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Thomson  (1850),  Buiisen  (1850),  Hopkins  (18r>4),  Moussou  (1858), 
Poynting  (1881),  Peddie  (1HH4),  Amagat  (1887),  BatteHi  (1887),  and  some 
others  (eft  §  95,  90). 

88.  Other  methods  te8ted,^Jj\  applying  this  principle  I  first  made 
direct  volume  observations  on  substances  inclosed  in  capillary  fubefl 
of  glass.  In  the  case  of  naphthalene  and  many  others  I  thus  obtained 
satisfactory  results  \  Such  work  is,  however,  limited  to  relatively  low 
pressures  (600  or  800  atmospheres) ;  it  does  not  admit  of  sufficient  cor. 
rection  for  the  volume  changes  of  the  glass,  and  for  the  small  quantity 
of  substance  examined  and  the  relatively  frequent  occurrence  of  nuclear 
condensation,  volume  lags  are  often  obscured.  Hence  the  definition 
Which,  aft^  making  these  experiments,  I  was  inclined  to  adopt,  viz, 
that  a  pressure  which  when  acting  isothermally  for  an  infinite  time  will 
just  solidify  the  liquid  and  just  liquify  the  solid,  stands  to  the  given 
temperature  in  the  relation  of  melting  i)oint  and  pressure,  is  not  in 
accordance  with  the  facts. 

In  a  second  method*  I  endeavored  to  measure  the  characteristic  dif 
ference  of  specific  volume  by  passing  current  through  the  thin,  hot 
walls  of  the  tube  which  contained  both  the  substance  and  the  mercury 
thread  oi^  index.  The  whole  apparatus  is  in  this  case  surrounded  by 
the  oil  of  the  piezometer  in  whicii  the  tube  is  inserted,  and  the  changes 
of  resistance  of  the  arrangement  indicate  the  motion  of  the  index  and 
hence  the  degree  of  compression  produced.  Here,  however,  a  new  and 
unexpected  annoyance  was  encountered,  inasmuch  a43  both  the  medium 
of  oil  and  the  glass  possess  seriously  large  pressure  coefficients.^ 
Moreover  it  is  only  with  great  difficulty  that  perfect  insulation  can  be 
maintained  in  an  apparatus  of  which  water  jackets  make  up  an  essen- 
tial part.    I  therefore  abandoned  this  project. 

In  a  third  method  similar  to  the  preceding  I  expressed  the  motion 
of  the  mercury  thread  or  index  in  terms  of  the  resistance  of  a  very  fine 
platinum  wire  passing  through  the  axis  of  the  tube.  The  successive 
intercepts  thus  indicated  the  changes  of  volume  to  be  observed.  This 
method  gave  good  indications  of  the  pressure  positions  of  the  melting 
points  of  the  sample.  It  failed,  however,  to  give  serviceable  values  for 
the  fluid  volume  changes.  This  is  due  to  the  fact  that  contacts  in  such 
a  case  are  essentially  loose.  Again  thermo-currents  can  only  i^ith 
great  difficulty,  if  at  all,  be  allowed  for,  seeing  that  the  successive 
isothermal  temperatures  are  to  vary  over  a  large  range. 

Finally  all  of  the  methods  above  described  must  necessarily  fail  after 
the  substance  has  become  solid,  for  in  this  case  the  thread  or  index  is 
broken  and  forced  into  the  interstices  of  the  solidified  material.  Thus 
it  is  manifestly  impossible  to  retain  a  uniform  meniscus  after  solidifi- 
cation has  once  set  in,  and  it  is  therefore  impracticable  both  to  arrive 

1  Of.  American  Journal  of  Science,  yol.  88, 1888^  p.  408. 
>Phil.  Mag.,  5th  8or..  vol.  31,  1891,  p.  14. 
•Ibid.,  pp.  18  to  24,  et  seq. 
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at  the  behavior  of  the  solid,  as  well  as  to  rigorously  coordinate  succes- 
sive series  of  experiments. 

69.  Advanf4iges  of  the  present  method. — Hence  I  endeavored  to  modify 
Kopp's^  specific  volume  flask  in  a  way  to  make  it  available  under  any 
temperature  or  pressure.  Here  the  reiidings  are  independent  of  the 
unbroken  chi^acter  of  the  meniscus  immediately  in  contact  with  the 
solidifying  substance,  whereas  on  the  other  hand,  as  I  shall  presently 
show,  the  expansion  measurements  can  be'  made  electrically'  with  al- 
most any  desirable  degree  of  accuracy.  Furthermore,  by  charging  the 
flask  with  properly  apportioned  quantities  of  substance  and  of  mercury, 
the  error  due  to  the  compressibility  of  the  glass  may  be  eliminated  in 
any  degree  whatever,  and  an  apparatus  obtained  which  is  practically 
rigid  in  relation  to  pressure.  The  data  show  that  from  each  single  series 
of  experiments  I  thus  olffcain  the  isdthermals  and  isopiestics,  and  there- 
fore also  the  isometrics,  both  for  the  liquid  and  for  the  solid;  further- 
more the  relation  of  melting  point  and  of  solidifying  x>oint  to  pressure, 
and  finally  the  changes  of  the  isothermal  si)ecific  volumes  of  solid  and 
liquid  at  the  melting  points,  with  pressure.  From  these  results  the 
character  of  the  fusion  and  the  probable  position  of  critical  (§92)  and 
transitional  (§94)  points  can  already  be  pretty  well  predicted.  It  is 
then  only  necessary  to  examine  a  great  number  of  substances,  of  sub- 
stances existing  under  widely  difl:erent  conditions  of  thermal  state,  in 
order  to  broaden  the  evidence  and  possibly  to  reach  results  of  a  uni- 
form bearing  on  matter  in  general.    This  I  indicated  elsewhere.^ 

APPARATUS. 

70.  Temperature. — Inasmuch  as  pressure  varies  at  a  mean  rate  of,  say, 
30  atmospheres  per  degree,  so  that  temperature  is  as  it  were  the  coarse 
adjustment  and  pressure  the  fine  adjustment  for  the  conditions  of  melt- 
ing point,  it  is  clear  that  the  method  of  experiment  should  be  such  that 
temperature  may  be  kept  rigorously  constant  while  pressure  is  made 
to  vary  over  the  necessary  interval.  To  obtain  constant  temperatures 
I  construdted  a  setof  vapor  baths  of  well-brazed,  thin  sheet  iron  heavily 
jacketed  with  asbestos.  Cf.  PI.  iii,  pppp.  These  were  cylindrical  in 
form,  10^""  in  diameter  and  20«™  high.  Axial  tubulures,  the  upper  of 
which,  M,  projected  outward,  the  lower,  oooo^  both  inward  and  outward, 
allowed  the  vertical  tubular  piezometer  to  pass  axially  through  the  va- 
por baths,  and  suitable  stuffing  boxes  obviated  all  possibility  of  leak- 
age. Again  the  upward  projection  of  the  lower  tubulure  (both  of  them 
fit  the  piezometer  snugly)  formed  an  annular  trough  with  the  walls  and 
bottom  of  the  vapor  bath,  in  which  a  sufficient  quantity  of  the  ebul- 
lition liquid  could  be  placed  and  boiled  by  aid  of  a  flat  spiral  burner 

» Kopp,  Ann.  Chem.  u.  Pliarm.,  vol.  93,  1885,  p.  129. 

'  The  abaohite  expansion  and  compressibility  of  mercury  being  now  known  §  73. 

*  ''  Instead  of  tracing  the  isothermftls  of  a  single  substance  throughout  enormous  ranges  of  pressure, 
similarly  comparable  results  may  possibly  be  obtained  by  examining  different  substances  conceived 
to  exist  in  widely  different  thermal  states."    (Am.  Joum.,  loc.  cit.,  p.  610.)  f^  ^  ^/-tl^ 
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placed  below.  TIi©  top  of  the  vaix)r  bath  was  provided  with  two  other 
lateral  tiibulures,  one  of  which  served  for  the  permanent  attachment  of 
a  vertical  condenser  and  the  other  for  the  introduction  of  a  suitable 
thermometer  or  thermocouple.  Here  also  the  quantity  of  ebullition 
liquid  present  could  at  any  time  be  tested  and  its  amount  increased  or 
diminished,  or  its  quality  directly  purified  by  fractional  diQtillatiou  (an 
oiieration  always  necessary  when  amyl  alcohol  is  used).  With  a  good 
condenser  the  boiling  may  be  kept  up  indefinitely,  since  the  con- 
densed vapors  fall  back  into  the  trough  below.  For  temperatures 
below  100°  it  is  expedient  to  avali  oneself  of  the  high  latent  heat  of 
Tfater  and  to  boil  this  liquid  under  diminished  pressure.  Temporarily 
attaching  Eichards's  jet  pump  to  the  end  of  the  condenser,  pressure 
may  be  so  regulated  that  any  boiling  i)oint  between  50°  and  100<^  is 
maintained  indefinitely.  For  higher  temi)eratares  aAyl  alcohol,  tur- 
pentine, naphthalene,  benzoic  acid,  diphenylamine^  phenanthren,  sul- 
phur, etc.,  subserve  the  same  purposes,  though  less  thoroughly.  Low 
latent  heats^  in  most  of  these  substances  make  it  difficult  to  guarantee 
perfect  thermal  constancy  throughout  a  length  of  say  10«".  (Cfl  §72, 
where  a  view  of  the  apparatus  is  given.) 

Temperature  was  measured  by  aid  of  a  Baudin  thermometer  of  known 
errors  and  also  computed  &om  the  vapor  tension  of  steam  uflder  known 
conditions.    Thermolectric  measurements  are  similarly  applicable. 

71.  Pressure, — To  obtain  pressures  a«  high  as  2,000  atmospheres  I  used 
my  screw  compressor  described  elsewhere.*  I  made  use,  however,  of  a 
vertical  piezometer,  identical  with  the  horizontal  piezometer  there  de- 
scribed, except  in  so  far  as  it  could  be  removed  from  the  barrel  as  a 
whole.  As  before,  moreover,  piezometer  and  barrel  are  insulated. 
When  in  ac^justment  the  piezometer  was  surrounded  by  the  following 
parts  enumerated  from  bottom  to  top  (see  PI.  m) :  An  insulated  conical 
protector  or  guard  preventing  spilled  water,  etc.,  from  reaching  the  insu- 
lation, the  lower  cold-water  jacket,  the  fiat  burner,  the  vapor  bath,  and 
finally  theupper  cold-water  jacket.    For  temperatures  below  200°  the 

.  latter  may  be  dispensed  with. 

Internally  the  piezometer  was  filled  with  thick  petroleum  oil,  as  stated 
elsewhere.^ 

For  pressure  measurement  I  am  now  able  to  avail  myself  of  a  superb 
Amagat  manom^tre  k  pistons  Ubres,  which  can  be  immediately  attached 
to  my  compressor  with  advantage. 

72.  The  volume  tube. — ^A  careful  description  of  this  apparatus,  to- 
gether with  the  operations  necessary  in  standardizing  it,  is  essential 
here.  In  one  case  these  preliminary  operations  have  led  to  a  result  of 
an  interest  apart  from  the  present  special  pui^poses. 

The  tube  is  shown  in  the  annexed  diagram.  Fig.  13,  while  PI.  in 

lit  is  my  object  in  farther  experiments  to  boll  water  under  preMOxe. 
*Proc.  Am.  Acad.,  yol.  25,  1890,  p.  93,  Chapter  i,  above. 
•Phil.  Mag.,  6th  ser.f  vol.  31, 1891,  p.  10,  chapter  in,  above. 
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shows  the  tube  in  place  in  the  tubular  piezometer.  It  consists  of  an 
external  cylindrical  envelope,  A  By  of  glass,  closed  below,  open 
above,  about  26«°»  long  and  .4*^"*  or  .S***"  in  diameter.  Throughout 
the  greater  part  of  its  length,  the  tube  A  Bib  divided  into  two  coaxial 
cylindric  compartments,  by  a  central  glass  partition  tube,  Ck  0,  open  at 
both  ends  and  fused  to  the  tube  A  B  along  the  ring  0  C  about  T^"  below 
the  open  top  A.  This  central  tube  Ck  C  is  about  17*'°»  long  and 
.13^'»  internal  diameter,  and  drawn  as  thinwalled  and  as 
even  in  caliber  as  possible,  so  that  the  greater  part  of 


It 


its  lower  length  may  be  available  for  measurement, 
extends  nearly  to  the  bottom  of  A  B. 

The  substance  to  be  examined  is  introduced  into  the 
annular  space  E  By  care  being  taken  that  when  fiised 
under  the  highest  temperature  to  be  applied  its  lower 
boundary  may  be  4*^™  or  more  above  the  end  A;  of  Ck  C. 
My  fused  samples  were  about  13<^»»  long.  Immediately  in 
contact  with  the  substance  BB  and  extending  upward 
into  the  central  tube  Ck  C  is  the  plug  of  mercury  FF  with 
its  free  meniscus  at  g.  When  BB  is  solid  g  must  be,  say, 
2**">  above  the  end  k  of  Ck  0,  and  when  B  B  is  liquid  at 
the  highest  temperature  to  be  applifed  g  must  still  be  at 
about  an  equal  distance  below  C  C.  The  remainder  of 
the  tube  above  g  is  quite  filled  with  a  concentrated  solu- 
tion of  zinc  sulphate  Ohg^  into  which  an  amalgamated 
zinc  terminal,  D,  has  been  submerged  and  fixed  in  position 
by  aid  of  platinum  wire  a,  fused  to  the  sides  of  the  tube 
A  ^,  as  shown.  The  other  terminal,  ft,  is  fused  into  the 
bottom  of  the  tube  A  and  in  met«rllic  connection  with  the 
mercury,  JPi^,  therein  contained. 

The  tube  thus  adjusted  is  completely  submerged  in  the 
oil  contained  within  the  tubular  piezometer,  PI.  in,  and 
pressure  is  uniformly  transmitted  to  it  through  the  oil. 
The  terminal  a  is  put  into  metallic  connection  with  the 
insulated  piezometer;  the  terminal  6,  completely  insu- 
lated therefrom  by  a  coating  of  glass  tube,  is  in  metallic 
connection  with  the  barrel;  the  tube  AB  itself  is  thus 
held  in  position  by  tensely  stretching  the  fixed  wires  a 
and  b  and  so  adjusting  their  lengths  that  the  parts  EB 
and  hgy  with  reference  to  which  the  measurements  are  ^the^voTiSS^b^.*' 
made,  may  lie  wholly  within  the  vapor  reservoir  of  the  cylindrical  vapor 
bath  surrounding  the  piezometer.  The  method  of  fastening  the  ends  a 
and  6  is  a  somewhat  delicate  operation,  which,  however,  I  will  not  farther 
l1  escribe.  So  adjusted  the  tube  is  in  position  (vertical  as  shown  in 
PI.  Ill)  for  any  number  of  experiments  and  it  is  only  necessary  to  at- 
tach the  vertical  piezometer  to  the  barrel  by  aid  of  a  tinned  axially  per- 
forated screw. 
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An  iii8]H*<;tifHi  of  the  diagram  hIiows  at  oiiee  that  if  a  current  enter 
the  outside  of  the  barrel  it  will  pass  thi*ough  ft,  A',  ^,  A,  />,  and  a  into 
the  outside  of  the  piezometer  and  thence  back  to  the  battery.  The 
only  relatively  significant  resistance  encountered  in  this  course  need 
be  that  between  g  and  h  of  the  thread  of  zinc-sulphate  solution ;  but  this 
resistance,  ca^teris  paribus,  varies  directly  with  the  length  of  gh^  and 
therefore  proportionally  to  the  volume  contraction  of  the  substance  E  E. 
Hence  the  volume  variations  of  the  substance  to  be  studied  aredire>ctly 
and  rigorously  measurable  in  terms  of  the  resistance  of  the  circuit. 
If  Kohlrausch's  method  ^  of  intermittent  currents,  bridge,  and  telephone 
be  used  for  the  resistance  measurement  of  the  electrolyte,  solidification 
or  fusion  breaks  ui>on  the  ear  with  a  loud  roar,  whereas  the  ordinary 
volume  changes  (solid  or  liquid)  are  indicated  by  mere  intensification  of 
sound,  sufficiently  pronounced  to  subserve  the  purposes  of  measurement. 

It  is  seen  that  any  breakage  of  the  surface  of  separation  between  E  E 
and  F  F\»  entirely  without  influence  on  this  result,  and  that,  even  in 
the  case  of  the  solidification  of  E  E,  when  mercury  is  forced  into  the 
interstices  left  after  contraction,  the  compressibility  of  E  E  will  still 
be  measurable. 

The  charging  of  the  tube,  free  from  air,  is  an  operation  which  I  have 
not  thus  far  accomplished  satisfactorily.  If  a  volatile  substance  like 
naphthalene  be  filled  into  E  E  and  fused  in  vacuo,  the  vaiK)r  subse- 
quently condensing  in  gh  will  soil  the  tube  and  interfere  with  measure- 
ment. From  the  solid  E  EI  doubt  whether  air  can  be  quite  eliminated 
in  vacuo.  Hence  in  the  present  work  the  substance  was  not  air-free, 
a  condition  of  things  to  which  I  gave  less  attention  because  I  do  not 
believe  the  melting  points  can  be  appreciably  infiuenced  by  dissolved 
air,  nor  that  other  of  the  measurements  made  are  seriously  distorted 
by  this  error.  In  the  future,  however,  I  will  endeavor  to  meet  this 
difficulty  by  fusing  the  end  A  ^  of  the  tube  A  B  inverted  to  the  top 
of  a  barometer  tube,  in  addition  to  a  lateral  tubuluire  leading  to  a 
Sprengel  pump.  If  now,  after  exhaustion,  the  lower  meniscus  of  the 
barometric  column  is  adjustable,  so  that  the  column  as  a  whole  maybe 
raised  quite  into  the  tube  A  B  ot  withdrawn  from  it  at  pleasure,  it  is 
l)robable  that  a  thorough  vacuum  fiUiug  maybe  effected.  Rubber con- 
necti<m8,  which  corrode  and  blacken  warm  mercury,  must  be  scrupu- 
lously avoided. 

If  the  whole  apparatus  be  charged  with  pure  mercury  in  the  plat^e 
of  the  substance  E  E,  the  ex|)anKion  and  compression  constants  of  the 
tube  may  be  found  as  stated  in  the  next  paragraph. 

Again,  even  if  the  measuring  thread  in  gh  should  break  into  parts 
alternating  with  threads  of  zinc  sulphate  (a  possibility  when  the 
thread  is  worked  up  and  down  many  hundred  times,  particularly  in 
view  of  the  suddenness  of  solidification),  the  constants  of  reduction  are 
not  thereby  necessarily  vitiated,  always  supposing  that  the  number  of 

»Kulilr»iuich:  Wied.  Ann.,  vol.  il,  1880,  p.  663 j  Long:  ibid.,  1880,  p.  S7.  ^-^  7~ 
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such  breaks  is  not  greater  than  one  or  two.  Special  care,  howeyer,  must 
be  taken  to  avoid  contact  of  the  mercury  thread  and  the  upper  zinc  termi- 
nal. Such  an  occurrence  would  ^ther  add  to  or  deduct  from  the  length 
of  the  thread  and  produce  shifting  in  the  coordination  of  the  volume 
measurements.  The  formation  of  zinc  amalgam  after  the  long  contin- 
ued passage  of  intermittent  currents  or  the  possible  electric  solution 
of  mercurj'  is  again  to  be  kept  in  view,  as  is  also  the  probable  change 
of  compressibility  of  amalgamated  mercury..  On  all  these  points  I  shall 
make  special  tests.  Solution  of  mercury,  however,  can  not  become  of 
serious  consequence,  since  the  column  gh  iscontlnnally  washed  by  the 
zinc  terminal  D. 

To  give  a  succinct  view  of  the  method  of  work  I  will  insert  PI.  iii, 
which  shows  the  volume  tube  rr  in  place  in  the  tubnlar  piezometer 
nuuu.  The  upper  terminal  rw  is  in  contact  with  the  screw  plug  v, 
where  w  is  fastened.  The  lower  terminal  rxx  is  completely  insulated 
from  uu  by  a  glass  tube  (not  shown)  and  metallically  fastened  to  the 
l)erforated  connecting  screw  a,  by  which  the  piezometer  is  attached  to 
the  baiTcl  (not  shown)  of  the  compressor.  The  insulation  of  uu  from 
bb  and  a  has  been  described  in  section  12  above,  cc  being  of  steel,  dd 
and  kk, of  |iard  rubber,  the  whole  being  made  tight  by  a  medium  of 
marine  glue  and  secured  by  the  steel  gland  ee.  The  hard-rubber  disc 
zz^  prevents  the  external  terminal  ggg  of  the  piezometer  from  coming 
in  contact  with  the  metallic  parts  below  and  the  barrel,  while  a  conical 
screen  or  umbrella  of  sheet  iron,  ffffy  additionally  protects  the  lower 
insulation  from  water  or  liquid  drippings  from  above.  Note  that /^  is 
insulated  from  nn  by  a  rubber  cork,  hh.  The  vapor  hskth, pp^y  placed  as 
shown,  is  heated  by  the  plate  burner  rr,  adjustable  at  pleasure,  and  an 
asbestos  jacket,  uu,  keeps  superfluous  heat  away  from  the  tube  uu.  The 
axial  tube  oooo  of  the  vapor  bath  is  sealed  below  by  a  piece  of  rubber 
hose,  mm,  or  by  a  metallic  stuffing  box,  care  having  been  taken  to  make 
0000  fit  the  piezometer  tube  closely  and  thus  take  as  little  liquid  out  of 
the  annular  ebullition  trough  already  described  as  i)os8ible.  The  con- 
denser qq  is  connected  above  with  an  air  pump  (not  shown).  Finally 
water  jackets  it  and  11,  through  which  a  current  continually  circulates, 
confine  the  heat  to  the  central  parts  of  the  piezometer  tube  uuuu. 

METHOD   OF  MEASUREMENT. 

73.  Constants  of  the  tube, — In  order  that  the  present  measmement« 
may  be  carried  out  absolutely  it  is  necessary  to  know — 

(1)  The  volume  of  the  charge  at  a  fiducial  temperature  and  pressure, 

(2)  The  volume  of  the  plug  of  mercury  under  the  same  conditions. 

(3)  The  volume  of  the  central  or  measuring  tube  kh  per  centimeter  of 
length. 

(4)  The  resistance  of  the  thread  of  zinc  sulphate  solution  per  centi- 
meter of  length  under  all  the  stated  conditions  of  temperature  and 
pressure.    From  3  and  4  there  follows  at  once—  ^  j 
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(5)  The  resistance  of  the  thread  of  zinc  sulphate  i>er  unit  of  yolmne 
under  stated  conditions  of  temperature  and  pressure.  Thus  it  is  nec- 
essary to  investigate  preliminarily-^ 

(6)  The  isopiestic  relation  of  resistance  and  temperature  of  the  given 
concentrated  solution  of  zinc  sulphate  and 

(7)  The  isothermal  relation  of  resistance  and  pressure  of  the  same 
solution.  In  other  words,  it  is  necessary  to  know  what  may  be  called 
the  isoelectrics  relative  to  temperature  and  pressure  of  the  meafiuring 
electrolyte.    Furthermore,  it  is  necessary  to  find  or  to  know — 

(8)  The  compressibility  of  glass  in  its  relations  to  pressure  and  tern- 
I)erature,  and 

(9)  The  compressibility  of  mereury  under  the  same  conditions,  and, 
finally,  • 

(10)  The  thenhal  expansion  of  glass  and 

(11)  The  thermal  expansion  of  mercury  under  the  given  conditions  of 
pressure. 

The  measurements  8  to  11 1  did  not  make  directly ;  they  are  of  smaller 
importance,  seeing  that  the  substances  on  which  I  operate  are  aU  char- 
acterized by  relatively  large  volume  change.  Such  measurements  are, 
however,  easily  feasible,  since  both  the  expansion  constants,  and  tlie 
compression  constants  of  pure  mercury  (thanks  to  the  recent  labors  of 
Amagat,  Tait,  and  Guillauuie)  are  now  thoroughly  known,  and  it  is  also 
known  that  the  thermal  changes  of  the  elastics  of  glass  are  of  no  rela- 
tive consequence  (Amagat),  even  as  far  as  200o.  I  assumed  the  com- 
pressibility of  my  glass*  to  be  -0000022,  that  of  mercury*  being  •000(H)39; 
moreover,  the  coefficient  of  expansion  of  glass^'to  be  •0(K)025,  that  of 
mercury*  being  -000182  between  60o  and  130o. 

74.  Volume  of  the  charge. — Clearly  the  fiducial  conditions  to  which 
volume  is  to  be  referred  are  given  by  the  (normal)  melting  point  un- 
der atmospheric  pressure.  By  weighing  the  tube  before  and  after  charg- 
ing I  found  the  mass  of  naphthalene  inclosed-to  have  been  -763  gramme. 
In  a  special  and  duplicate  set  of  pycnometer  experiments  I  furthermore 
found  the  density  of  naphthalene,  fused  at  82^,  to  have  been  -724. 
Hence  the  volume  of  the  charge  at  82°  is  •552*"3,  which  I  accepted  as 
identical  with  the  volume  at  the  melting  point  (80^). 

76.  CorrectionB  for  expannion  and  compressibility  of  enveU^^es,— The 
plug  of  mercury  weighed  7-74  grammes.  Its  volume  is  therefore  •571*'"*'' 
at  20°,  and  its  mean  volume  between  60^  and  130^,  being  between  -57.1 
and  -582,  is  sufficiently  near  '5S^^'\ 

Thus  the  volume  of  the  glass  tube  containing  both  the  charge  of 
naphthalene  and  mercury  was  I-IS*^"'^.  Its  expansion  per  degree  centi- 
grade •000028*-*"',  while  the  expansion  of  the  actually  inclosed  mercury 
per  degree  centigrade  was   •OOOlOo*'™^,  where  the  apparent  expansion- 

I  K.  H.  Amagat:  Ann.  ch.  et  phys.,  1891,  p.  125. 
•Ibid.,  p.  137. 

"Landolt  a.  Boernstein's  Tables,  1883,  p.  C0. 
•Ibid.,  p.  37. 
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■O00OT7«">'  i)er  degree.  Therefore  if,  in  place  of  the  fiducial  volume 
•562«"»^  found  in  §74,  the  following  volumes  be  substituted,  viz, 

60°  •5565<=»'3  lOOo  •5535<^'»' 
80O  -5550    120°   5519 
90°  -5542    130O  -5311 

the  tube  may  be  treated  as  free  from  thermal  expansion.  Here  at  80° 
.5550  appears,  instead  of  .5524,  to  correct  for  the  fiducial  volume  of  the 
stem  Jc  h  (Fig.  13),  as  will  presently  be  explained.    (§  83.) 

Again,  the  compression  of  the  1'13<^"»^  of  glass  and  •SS®"^  of  mercury 
will  be 

100  atm. :  glass,  •00025  c"^.  mercury, -00023  «•»»;  difference,  -OOOW"* 

500  124  .  113  11 

1000  249  226  23 

1500  373  339  34 

2000  497  452  45 

Thus  these  corrections,  which  would  individually  be  appreciable  (aflfect- 
ing  the  increments  say  3  per  cent),  are  diflferentially  negligible  (0.3  per 
cent),  where  they  fall  below  the  electrical  pressure  coeflBicient  of  the  zinc 
sulphate  solution.  (§  80.)  This  has  already  been  intimated  above  (§  69), 
and  is  one  of  the  interesting  advantages  of  the  volume  tube  Fig.  13, 

76.  Resistance  measure^nent — In  making  the  measurements  of  resist- 
ance of  thread  ii  is  convenient  to  use  Kohlrausch's  interrupter,  bridge, 
and  telephone.  To  facilitate  audition  I  joined  the  cup  of  the  telephone 
to  a  graphophone  tube  and  listened  with  both  ears.  The  resistances, 
however,  are  rather  higher  than  contemplated  in  Kohlrausch's  method, 
when  an  ordinary  Bell  telephone  is  used.  Hence  the  measurements, 
particularly  near  and  in  the  solid  state,  are  far  below  the  limit  of 
attainable  accuracy.  I  shall  in  future  measurements  wind  telephones 
specially  adapted  for  my  purposes,  and  endeavor  to  use  both  ends  of 
the  magnet  to  actuate  diaphragms  connected  respectively  with  each 
ear  by  an  independent  tube. 

When  zinc  sulphate  is  inclosed  between  terminals  of  amalgamated 
zinc  a  galvanometer  is  available.  In  this  way  I  made  most  of  the 
calibration  measurements.  Supposing  the  mercury  index  to  be  slightly 
deadened  in  its  electro-negative  qualities  by  zinc,  it  may  also  be  used  in 
case  of  the  tube. 

77.  Calibration. — In  view  of  the  fact  that  the  central  tube  h  k  (Pig.  13) 
is  insufficiently  uniform  in  caliber,  it  is  necessary  to  express  volume  as 
a  function  of  length.  This  I  did  by  weighing  threads  of  mercury  whose 
length  in  successive  parts  of  the  tube  had  to  be  measured,  obtaining 
the  results  of  the  first  two  columns  of  Table  34.  The  fiducial  zero  is 
here  arbitrarily  placed  2<'"»  below  the  ring  C  G  (Fig.  13),  the  ealiber 
above  this  being  too  variable. 

It  is  next  necessary  to  exx>re8S  the  resistance  of  a  filament  of  the 
concentrated  solution  of  zinc  sulphate  as  a  function  of  length  referred 
to  the  same  fiducial  zero  at  8om.e  convenient  (atmospheric)  temi)eratui*e. 
To  do  this  1  drew  a  zinc  wire  to  a  diameter  slightly  less  than  the  caliber 
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of  the  tube -to  be  calibrated.  Opening  the  bottom  of  the  tube  A  B  (Fig. 
13)  and  closing  the  top,  so  as  to  hold  the  terminal  D  firmly  in  position, 
I  inverted  the  tube  and  quite  filled  it  with  the  solution.  The  tube  was 
then  placed  in  a  water  bath  with  the  tenninal  a  insulated,  and  the  ter- 
minal h  replaced  by  the  zinc  wire  referred  to,  and  so  adjusted  that  I 
could  slide  it  up  and  down  the  central  tube  and  fix  it  in  any  position. 
Measuring  the  distance  between  the  ring  C  C  (in  this  case,  the  ne<5k  was 
quite  filled  by  the  fitting  terminal)  and  the  free  end  of  the  wire  with 
Grunow's  cathetometer,  and  measuring  at  the  same  time  the  resistance 
corresi>onding  to  this  length  by  means  of  Kohlrausch's  Wlieatstone 
bridge  (§  76),  I  obtained  the  data  necessary  for  constructing  resistance 
as  a  fimction  of  length  for  the  temi)erature  of  the  bath.  In  this  way 
the  second  and  third  columns  of  Table  34  were  investigated. 

Combining  the  results  of  these  tour  (tolumns  by  graphic  interpola- 
tion, I  obtained  the  data  of  the  fifth  and  sixth  columns,  in  which  vol- 
ume is  expressed  in  terms  of  resistance. at  IT'S^-with  regard  to  the 
fiducial  mark  in  question. 

Tablb  34. —  VolumeM  jyer  unit  of  length.     Calibration  resistance  per  unit  of  length, 
G=17-8C'.     Voluine  per  unit  of  resistance,  0=17-8^. 


Length. 


Cm. 

3  00 
11  15 


Volume. 


dm*. 

•0491 
•1600 


4-45 
9-79 
15-42 


•0715 

•i4:io 

•2145 


Length.  Resistance. 


Cm. 

—  •06  ' 
2  13  I 
4-75 
7-90 

12*06 


Ohms. 
2720 
5780 
10190 
16200 
24340 


8-30 
7-20 
11-40 
15-60 


2  75 

O'lO 

0  05 

13  40 


•05.'»8 
•1070 
•1614 
•2152 


•0470 
•0940 
-1410 
•1880 


1-38 
3-43 
6  18 
9-00 
U-49 


4630 
7920 
12790 
18220 
23140 


'11  2930 

2  78  I  7050 

Air  bubble  error. 


Re«intance. 

Volume. 

9^n  -80. 

•=178o. 

Ohms. 

Ofi»». 

2800 

KKWO 

5530 

•0350 

8850 

-OG40 

12530 

•0920 

16270 

•1190 

20250 

•1450 

24350 

•1705 

28500 

•I960 

78.  Ekctrolytic  resistance  and  t^nperature. — It  is  next  necessary  to 
express  the  variation  of  the  resistance  of  the  concentrated  zinc  sul- 
phate solution  with  temperature.  This  is  a  general  problem  apart 
from  the  apparatus  used«  Kevertbeless  I  made  two  sets  of  measare- 
ments,  in  the  first  of  which  I  measured  the  resistance  of  the  thread 
Jr/i,  Fig.  13,  between  fixed  terminals  of  zinc,  when  the  whole  was  kept  at 
successive  constant  temperatures  and  under  pressure  sufficient  to  keep 
the  thread  liquid  and  to  thoroughly  condense  all  polarization  gases. 
The  first  four  columns  of  Table  35  contains  these  results,  all  easily  in- 
telligible except  the  last  column  i>erhaps,  where  under  B/R^  the  rela- 
tive resistance  referred  to  the  resistance  at  100°  0.  is  inserted.  At 
lUOo  the  pressures  were  varied  to  measure  the  pressure  coefficients  dis- 
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aissed  in  the  next  paragraph.  In  the  second  and  third  parts  of  the 
able  the  above  tube  was  replaced  by  a  plain  straight  tube.  .  Resist- 
LDces  are  much  smaller  here,  but  the  column  B/Rm  makes  both  series 
comparable. 

?ABLE  35. — Temperature  coefficients  and  pressure  coefficients  of  concentrated  zinc  sulphate 

solution, 

[First  series.    Length  of  thread  10. 70««  or  8.7«  from  fiducial  mark.    Diameter  of  tube  .13«.l 


Tempera- 
ture. 

Pressure. 

£eeist< 
ance. 

JJ/i?ioo 

Tempera- 
ture. 

Pressure. 

Beslst- 
ance. 

JK/-Bi«o 

0(7 
6-3 
«-5 

Atm. 
100 
100 

Ohmt. 
20960 
26960 

6059 
6059 

oO 

Atm. 
186 
471 
448 
1011 
981 
603 
507 
126 

Ohmt. 
1242 
1222 
1210 
1198 
1203 
1232 
1232 
1262 

•994 
■078 
•968 
•958 
-962 
•986 
•986 
1.010 



66-8 

mz 

68-0 
67-8 
(r7-8 
67-7 

140 
140 
140 
140 
140 
140 

6178 
6120 
6060 
6061 
6075 
6075 

1-388 
1.376 
1-360 
1-362 
1-365 
1-365 

^                    1 

lOO'O 
100-0 
1000 
lOO-O 
1000 
1000 
1000 
100.0 
100-0 
100-0 

137 

187 

479 

469 

1019 

996 

1507 

1443 

129 

139 

4650 
4540 
4470 
4480 
4370 
4380 
4310 
4320 
4360 
4360 

1-023 
1020 
1-005 
1007 
•982 
-985 
•960 
'970 
-980 
•980 

1280 
1260 
127-8 
127-8 
160.6 
160-5 
1606 

167 
157 
149 
149 
154 
154 
154 

1^2 
1062 
1058 
1068 
980 
984 
984 

•850 
•850 
•846 
•846 
-787 
•787 
•787 

(Third  series.    Same  tube.] 

127-6 
127-8 
127-8 

158 
158 
168 

3740 
3730 
3730 

-840 
-838 
•838 

16-4 
16-4 
16-4 

147 
147 
147 

4980 
5000 
5020 

3^984 
4-4P0 
4016 

6-5 
6-3 

116 
118 

27140 
27000 

6100 
6067 

[Second  series.    Plain    straight  tube, 
diameter  .30"-. 

6-4 
6-4 
64 

138 
138 
138 

7440 
7500 
7500 

5-952 
frOOO 
6000 

6-7 

72 
465 
458 
906 
830 
498 
492 
189 
147 

7280 
7090 
7120 
7020 
7020 
7130 
7050 
7190 
7160 

5824 
5672 
5-700 
5-616 
5-616 
5-704 
5-640 
5-752 
5-728 

61-3 
61-3 
61-3 

170 
170 
170 

1900 
1900 
1913 

1520 
1-520 
1-530 

OE    O      '                            -'>~ 

1359 
1359 
1364 

1088 
1-088 
1-091 

85-8 
85-8 
85-8 

1»U 

180 
180 

6-7 

90-6 
99-6 
99-6 

180 
189 
189 

1247 
1263 
125a 

1-000 
1-002 
1-002 

990 

191  1          1237 

.990 

If  the  values  B/Riw  be  constructed  graphically,  as  a  function  of 
einperature  for  nearly  the  same  pressures,  the  results  of  all  the  series 
n  Table  35  are  found  to  be  in  good  accord.  Moreover  the  results  for 
he  large  interval  6^  to  160°  lie  on  a  locus  which  in  form  closely  re- 
ipmbles  an  hyperbola.^  From  this  iK)int  of  view  these  data  are  remark- 
ibly  interesting,  for  if  this  be  true  then  a  suitable  inversion  of  the 
ocus  indicates  that  the  electric  conductivity  of  the  electrolyte  varies 
inearly  with  temperature.  Such  a  result  would  not  only  possess 
heoretic  interest,  but  would  make  measurements  of  the  kind  necessary 

1  Experiments  recently  made  by  Prof.  Iddings  and  myself  with  diabase  (See  Am.  Journal  Sei.,  xuv, 
»p.  212  and  256)  shoved  a  seometrical  progression  of  resistance!*  to  correspond  to  an  arithiiietical 
progression  of  temperature,  caet.  par.    Thus  the  nature  of  the  above  locus  is  exponential. 

Bull.  96 6  nr^r^n]^ 
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in  the  present  paper  feasible  with  a  high  degree  of  certainty.  I  mast 
withhold  my  opinion  for  the  present,  however,  until  I  can  trace  the 
above  locus  as  far  as  300°,  and  the  interpolations  of  this  paper  were 
made  empirically. 

79.  Volume  in  terms  of  resisttmoe, — With  the  data  of  §§  77  and  78  in 
hand  it  is  now  possible  to  express  the  volume  of  the  capillary  tube  hk^ 
Fig.  31,  in  terms  of  the  resistance  of  the  thread  of  electrolyte  observed 
at  any  temperature.  This  is  done  in  the  next  table,  36,  where  the  tem- 
l>eratures,  ^,  are  those  occurring  in  the  tables  of  isothermals  below. 

Table  36. — Relation  of  volume  and  resUtanoe  at  different  temperature*. 


Volume. 

Rosistanco. 

»=63-5-. 

«  =  83». 

«=90». 

•=100». 

tf=.117«. 

•=130-. 

Om». 

•0000 
•0350 
•0640 
•0920 
•1190 
•1450 
■1705 
•1960 

Ohnu. 
1064 
2101 
3363 
4761 
6183 
7695 
9215 
10830 

Ohnu. 

818 
1615 
2584 
3659 
4751 
5913 
7081 

Ohms. 
776 
1532 
2451 
847^ 
4607 
5609 
6717 
7895 

Ohms. 
722 
1427 
2283 
8233 
4198 
5224 
6256 
7353 

Ohnu. 
636 
1255 
2009 
2844 
3693 
4597 
5505 
6470 

Ohnu. 
008 
1200 
1920 
2719 
3531 
4394 
5262 
61fi5 

80.  Pressure  coefficient  of  the  electrolyte, — The  divers  results  of  Table 
35  for  variable  pressure  and  constant  temperature  are  summarized  in 
the  small  Table  37.  Here  6  denotes  the  temperature  and  k  the  pressure 
coefficient,  which  is  negative  in  sign,  showing  that  pressure  decreases 
the  resistance  of  zinc  sulphate.  The  braces  show  the  manner  in  which 
the  means  were  taken,  where  fc  =  ^  E/Ro  ^  JP-  -K  is  the  symbol  of  resist- 
ance, p  of  pressure,  and  Bq  holds  at  0<>  0. 

Tadle  37.— PfcwMrc  coefficients. 


», 

PreMore. 

txio*. 

9. 

Preeanro. 

*X10«. 

7- 

119? 
479S 
868 

I--' 

100* 

1007S 
1475 

)        -43 

lOO* 

1        1 

___  .__   1      __  1 

157? 
482^ 
996 

>    -64 

S   -49 

Mean  k=  -  000045 

This  table  shows  that  the  pressure  coefficient  is  independent  of  tem- 
p(»rature,  and  that  it  decreases  somewhat  with  pressure.  The  results, 
however,  are  not  quite  consistent,  and  a  graphic  construction  of  the 
detailed  results  of  Table  3o  shows  a  difterence  of  march  in  the  pressure 
*S)n"  and  the  pressure  "oflf^  movements.  I  have  yet  to  learn  whether 
this  be  due  to  insufficient  fixed  terminals  or  to  i^olarization,  as  well  as 
to  find  conditions  under  which  the  pressure  coefficient  may  be  a  mini- 
mum. As  the  results  stand  the  mean  value  A-=  —  45/10^  is  probably 
witliin  20  per  cent  of  the  truth,  and  hence  in  the  extreme  < 
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atmospheres  the  uncertainty  of  the  pressure  coefficient  will  not  affect 
the  volume  increments  more  than  2  per  cent. 

I  may  add  in  passing  that  the  value,  investigated  in  an  earlier  paper,^ 
between  0  and  150  atmospheres  was  found  to  be  ^  =  —  50/10®,  agreeing 
pretty  well  with  Table  37,  and  I  there  called  attention  to  the  strikingly 
close  proximity  of  this  datum  to  the  corresponding  coefficient  for  mer- 
cury, -30/10,2 

The  pressure  coefficient  is  of  considerable  interest,  inasmuch  as  it 
indicates  a  certain  relation  between  elasticity  and  the  chemical  equi- 
librium of  the  solid  or  liquid  operated  on.*  Specially  for  zinc  sulphate 
compression,  which  might  be  regarded  as  having  a  concentrative  effect 
on  the  solation  between  the  termin  als,  increases  the  conductivity ,  whereas 
the  conductivity  of  a  nearly  concentrated  solution  (density  >1.29)  not 
under  pressure  decreases  on  further  concentration. 

The  admixture  of  polarization  with  the  pressure  coefficient  points  out 
the  nature  of  its  instability. 

BESULTS  OF  THE  MEASUBEMENTS. 

81.  Arrangement  of  the  tables. — ^The  following  Tables  38  to  43,  in  which 
the  isothermals  of  naphthalene  are  fully  given,  are  constructed  on  the 
same  plan  throughout.  The  first  column  contains  the  time  in  minutes 
at  which  the  observation  was  made,  the  first  date  being  arbitrary.  The 
(uncorrected)  resistance  as  actually  found  at  the  pressure  given  is 
shown  under  B  in  ohms.  The  factor  kp  is  the  correction  for  pressure 
coefficient  to  be  added  per  unit  of  E)  after  which  this  datum  can  be 
graphically  expressed  as  a  volume  increment,  referred  as  yet  to  an 
arbitrary  fiducial  zero  in  the  way  indicated  in  §§  79,  80.  To  deduce 
from  this  the  corresponding  actual  volume  (last  column  of  the  tables) 
the  initial  volume  values  of  §  75  are  available,  relative  to  which  ftirther 
explanation  will  be  given  in  §  83.  Two  data  are  given  for  each  step  of 
pressure,  the  second  of  which,  obtained  after  long  waiting,  is  more 
nearly  isothermal  than  the  first.  The  difference  is  not  of  seriously 
large  magnitude.  In  most  cases,  after  the  volume  has  become  solid, 
a  small  amount  of  additional  volume  decrement  takes  place  viscously, 
or  in  consequence  of  gradual  decrease  of  temperature  immediately  after 
solidification. 

The  exx)eriments  were  made  on  different  days  and  altogether  ex- 
tended over  more  than  a  week.  This  is  somewhat  too  long  a  time  to 
employ  the  tube  without  special  readjustment,  and  some  shifting  of 
coordinates  may  thus  have  occurred  (§§  91,  92). 

Parentheses  occur  in  the  following  tables,  to  show  that  for  the  data 
inclosed  the  measurement  was  made  along  a  part  of  the  measuring 
tube  hJc  (Fig.  13),  whose  caliber  is  not  adequately  uniform.    Without 

>  Amorican  Joar.,  vol.  40,  1890,  p.  219.    This  paper  was  published  some  two  years  after  the  work  was 
•JBarus : Pha  Mag.  (6th  ser.),  voi  81, 1891,  p.  24  et  seq.  Digitized  by  LjOOg IC 
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knowing  the  full  expansions  at  the  higher  temperatures  and  low  pres- 
Bures,  it  is,  a  priori,  impossible  so  to  fill  the  tube  that  all  measurements 
fall  within  the  calibrated  parts  and  all  other  calibration  conditions  are 
complied  with.  (§§  75  et  seq.)  These  approximatiouB,  however,  refer 
only  to  the  liquid  state,  and  are  therefore  of  smaller  couBequence  in 
this  paper.  (§  67).) 

1  may  add  finally  that  the  melting  point  of  naphthalene  in  air  is  80^, 
its  solidifying  point  below  this;  the  density  of  the  solid  1-14,  and  the 
density  of  the  liquid  at  82°,  -724.  (§  74.)  Hence  naphthalene,  if  melte<l 
in  water,  sinks  or  swims,  according  as  its  temi>eratiure  is  suflSciently 
below  or  above  80^. 

82.  Solid  isothermal^  63^. — Since  the  naphthalene  melts  at  80<^,  the 
isothermal  at  63^  refers  to  the  solid  state.  There  must  clearly  be 
much  greater  uncertainty  in  operating  on  a  substance  when  solid  than 
when  liquid.  Indeed  it  is  rather  remarkable  that  the  solid  isothermals 
are  approachable  at  all.  The  liquid  solidifies  to  a  fissured  or  honey- 
combed structure,  and  it  is  therefore  essential  that  the  mercury  should 
completely  fill  these  interstices  before  the  true  compressilbility  of  the 
8ubstan<»e  can  be  indicated.  Similarly  the  error  due  to  the  compres- 
sibility of  the  envelopes  now  becomes  of  much  greater  importance. 
It  is  thus  solely  by  comparing  these  data  with  similar  solid  isothermals 
obtained  at  much  higher  temperatures  and  pressures  that  their  validity 
may  be  inferred  (§  72). 

Table  SS.^IiothenMls  of  (aoUd)  naphthalene  at  6  =  63-5^,  referred  to    A?^"*  ai  the 

normal  melting  point. 


Time. 

Pnwsiire. 

R. 

*pxio». 

Volame. 

1  Time. 

Pre«8ure. 
Atm. 

B. 

*PX10«. 

Volanic. 
cm* 

m. 

Atm. 

Ohms. 

em* 

m. 

Ohms. 

16 

70 

7600 

8 

■4127 

38 

859 

8240 

39 

•8963 

19 

68 

7430 

3 

•4156 

40 

850 

8120 

9S 

■3!K» 

20 

289 

7760 

13 

•4085 

42 

972 

8310 

44 

•3M5 

2.* 

281 

7630 

13 

•4109 

44 

966 

8310 

44 

•3945 

25 

491 

8160 

22 

•4003 

1    *6 

565 

76U0 

25 

•4097 

29 

481 

8010 

22 

•4027 

49 

565 

7600 

25 

•4097 

:i4 

875 

8050 

30 

•4010 

51 

100 

7270 

4 

•4183 

37 

662 

7880 

30 

•4039 

67 

65 

7340 

' 

•4173 

With  regard  to  this  series  it  is  curious  to  note  that  the  recoil  of  vol- 
ume (pressure  decreasing)  is  more  rapid  than  the  compression.  The 
reverse  of  this  would  have  been  anticipated,  supposing  that  mercury 
lo(lge<l  in  the  interstices  after  compression.  Finally  I  may  state  that 
telephonic  resistance  measurement,  when  the  values  are  so  high,  is  not 
unaccompanied  by  inappreciable  errors.    (§  76.) 

83.  Liquid  solid  isothermaly  83^. — ^Table  39  contains  three  independent 
series  of  measurements,  the  last  of  which  is  fragmentary  and  the  sec- 
ond obtained  after  the  experience  of  the  first,  probably  the  best  The 
solidifying  point  is  here  very  gradually  approached  and  the  locus  shows 
an  initial  step  of  James  Thomson's  double  inflections. 

It  is  from  these  isothermals  that  I  obtained  the  fiducial  zero  of  the 
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measuring  tube  hh^  Fig.  13.  For  if  R  be  constructed  as  a  function  of 
pressure  it  will  be  found  that  pressure  zero  lies  at  •O024''"»3  of  volume 
decrement.  Hence  the  value  of  §  74  (•oo24*'"'^)  increased  by  this  correc- 
tion is  the  fiducial  volume  (•555*''"'')  here  to  be  used  and  from  this  the 
others  are  derived  as  already  explained.    (§  75.) 

Table  39. — I$othermal8  of  naphthalene  at  0:  =  8S'^,  referred  to  '55^^^  at  the  formal  melt- 
ing point. 


Time. 

1 
Prosaiire.  itpXlO*. 

1 

R. 

1 
Volume.  1 

Time. 

PrMsnre. 
Atm. 

*pXlO». 

JR, 

Volume. 

m. 

Atm. 

Ohtns. 

em^. 

m. 

Ohms. 

emK 

-14 

47 

2 

938 

•5490 

22 

175 

8 

5493 

•4183 

-10 

45 

2 

938 

•5490 

28 

179 

8 

5493 

•4183 

-  7 

164 

7 

1114 

•rai'4 

30 

110 

5 

5061 

•4-285 

-  2 

157 

7 

1100 

•5410 

36 

120 

5173 

•4*>60 

0 

259 

12 

1247 

•53-10 

38 

81 

4203 

•4474 

+  7 

243 

11 

4406 

•4432 

43 

86 

4000 

•4540 

10 

239 

11 

5667 

•4141 

40 

86 

3762 

•4599 

1« 

238 

11 

5607 

•4142  ^ 

51 

33 

2448 

•4949 

18 

358 

16 

5«00 

•4105  * 

^K. 

36 

2 

923 

■5498 

20 

355 

16 

5800 

•4io:i 

CO 

37 

2 

910 

•5605 

SECOND  SERIES.   * 

36 

39 

2 

92:^ 

•5493 

79 

129 

5250 

•4241 

39 

226 

10 

1183 

■537'    1           81 

89 

4747 

•4358 

44 

221 

10 

1158 

•5382              87 

93 

4348 

•4453 

40 

250 

11 

1223 

•5355    i          94 

93 

4348 

■4453 

51 

244 

11 

1198 

•5:i65              96 

70 

sa-ii 

•4630 

53 

267 

12 

1232 

•5348    1          97 

70 

3256 

■4732 

59 

266 

12 

1227 

•5351    1         104 

74 

3 

2031 

•5062 

60 

303 

13 

1288 

•5322    '         115 

76 

3 

16S.5 

•5172 

63 

322 

14 

1326 

•5306    :         12.) 

75 

3 

1480 

•5-250 

64 

317 

14 

5667 

•4138    '         122 

49 

2 

9-20 

•5500 

73 

299 

13 

5712 

•4128    1         127 

52 

2 

905 

•5508 

.     75 

127 

6 

6250 

•4241  i| 

1 
THIRD  SERIES. 

9 

38 

2 

910 

•5504 

21 

131 

6 

1024 

1 
■5447  1 

11 

135 

6 

1032 

•5444              23 

1 

345 

15 

5450 

•4184 

84.  Liquid-solid  isothermal  at  9(P, — ^Two  independent  series  of  results 
are  given  in  Table  40.  In  consequence  of  slight  variation  of  the  arti- 
ficial atmosphere,  the  temi)erature  of  the  first  is  somewhat  below  that  of 
the  second.  Thus  in  series  i  there  is  some  lack  of  coincidence  in  the 
liquid  "on"  and  "off"  march,  whereas  the  two  are  identical  in  series  ii. 


Tabi^  40. — Isothennah  of  naphthalene  at  B=9(Pj  referred  to  •55^'^'^  at  the  norma}  melt- 
ing point. 


Time. 

Pressnre. 

tp>:lO>. 

R. 

Volume. 

Time. 

Pressure. 

JfcpXlO'. 

R. 

Volnnu'. 

«n. 

Attn. 

Ohmt. 

cm3      1 

m. 

Aim. 

Ohmt. 

em* 

-10 

83 

4 

845 

•5502 

33 

346 

16 

5055 

•4205 

—8 

83 

4 

842 

•5504  j 

34 

287 

13 

4435 

•4Ji67 

—6 

257 

12 

1049 

•5392' 

36 

273 

12 

4051 

•4455 

-2 

238 

11 

1016 

•5410 

41 

277 

13 

3514 

'^597 

0 

434 

19 

1247 

-5296 

47 

274 

12 

2969 

•4736 

+5 

425 

19 

1217 

•5309 

61 

275 

12            2677 

•48:}i 

7 

549 

25 

5250 

•4147  , 

59 

272 

12  "          1950 

•5042 

20 

527 

24 

6329 

■4130 

62 

190 

8              923 

•5457 

22 

415 

20 

5-211 

•4163 

67 

192 

8              923 

■5457 

27 

440 

20 

5173 

•4172 

70 

6B 

3              790 

,^  -5532 

28 

375 

17 

5100 

•4193 
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Tablk  iO,—J«o1hvrmah  of  naphthalene  at  O^OO^y  re/erred  io  •AJ*"''*  ai  the  normal  meU- 

iiiff  point — Coiitiuued. 


SKCOXD  SERIES,  SAME  ADJUSTMENT. 

Time. 

Pressure. 

kpXlO\ 

B. 

Volume. 

Time. 

Pressure. 

JbpXlO*. 

B. 

Yolume. 

m. 

Atm. 

OhfM. 

em* 

m. 

Atm. 

OklM. 

«»' 

.       1« 

57 

3 

773 

•5542 

60 

316 

14 

4618 

•4311 

18 

231 

10 

972 

•5432 

65 

322 

14 

4556 

•432« 

24 

222 

10 

957 

•5439 

67 

280 

13 

3856 

•4504 

26 

422 

19 

1188 

•5322 

73 

283 

13 

•4»2d 

31 

406 

18 

1155 

•5338 

76 

283 

13 

1985 

•8028 

33 

490 

22 

1247 

•5293 

81 

278 

13 

1618 

•51S2 

40 

474 

21 

1232 

•5302  .,          83 

175 

8 

897 

•5472 

42 

507 

23 

1258 

•5292  L          89              179 

8 

902 

-5468 

44 

532 

24 

1288 

•5276   1          91 
•4147    1          95 

81 

4 

793 

•5530 

46 

655 

25 

5250 

83 

4 

802 

•5524 

57 

5M 

24 

5290 

•413.   . 

86.  Liquid-solid  isothermaU  at  lOfP. — Table  41  contains  four  independ- 
ent series  of  results,  together  with  some  preliminary  measurements. 
These  are  my  earliest  result  with  the  above  tube  and  are  therefore  in 
greater  number.  The  liquid  isothermals  should  be  identical  in  the 
"on'^  and  ^^off''  marches.  This  is,  as  a  rule,  very  nearly  the  case,  the 
preliminary  series  and  "on"  march  of  the  first  alone  lying  below  the 
others.  In  the  latter  the  telephone  U8e<l  was  more  sensitive  than  in  the 
ormer. 


Table  41. — Isot)iermaU  of  naphthalene  at  ^-KXPj  referred  io  '55^^  at  the  normal  melt- 
ing point. 


PRELIMINABY  M:EASUREMENTS. 


Time. 

Pressure. 

kpXKfl. 

m. 

Atm. 

5 

170 

7 

10 

170 

.7 

13 

:iH4 

7 

15 

35.') 

16 

17 

503 

27 

19 

558 

2."5 

21 

636 

28 

23 

610 

27 

24 

651 

20 

27 

688 

31 

30 

196 

9 

32 

176 

8 

Volume. 


TUBE    AGAIN    ADJUSTED.    FIRST 
SERIES. 


130 
280 
284 
557 
540 
C55 
642 
03G 
622 

6(r2 

688 
769 
759 
875 
862 
856 
843 
720 


32 


707 
884 
876 
1169 
1156 
1296 
1279 
1274 
1247 
1307 
1322 
1405 
1392 
4840 
4720 
4720 
4720 
4720 


(•5545) 
•5436 
•5441 
•5283 
•5289 
•5222 
•5230 
•5232 
•5245 
•5218 
•5210 
•5172 
•5178 
•4137 
•4169 
•4169 
•4170 
•4177 


Time. 

Pressure. 

JfcpXlOi. 

m. 

Atm. 

68 

720 

32 

68 

631 

28 

70 

&33 

28 

74 

•      623 

28 

78 

611 

27 

81 

600 

27 

83 

595 

27 

88 

593 

27 

97 

592 

27 

100 

587 

26 

1U2 

561 

25 

104 

556 

25 

107 

553 

25 

100 

549 

25 

112 

545 

24 

117 

544 

24 

120 

542 

24 

122 

503 

22 

125 

499 

22 

128 

497 

22 

129 

.461 

21 

131 

458 

21 

132 

417 

19 

135 

413 

18 

137 

358 

16 

139 

358 

16 

140 

296 

13 

142 

296 

13 

144 

87 

4 

145 

87 

4 

Ohm*. 
4720 
4420 
45C0 
4420 
4420 
4370 
4370 
4280 
4350 
4350 
3000 
2840 
2150 
1530 
1240 
1120 
1140 
1080 
1068 
1050 
1019 
1019 
978 
978 
921 
924 
862 
866 
660 
056 


Volame. 


em^. 
•4177 
-4249 
•4225 
•4259 
•4260 
•4274 
•4274 
•4296 
•4278 
•4279 
•4483 
•4708 
•4915 
•6127 
•5250 
•53(»7 
'5298 
blil 
•5335 
•5343 
•5360 
•5360 
•5381 
•5881 
•5414 
•M12 
•5449 
•5*47 
(•5575) 
(•5578) 


SECOND  SERIES.    SAME  ADJUSTMENT, 


116 
116 
281 


Digitiz^ 
13 


667  (•5575) 
667  i  ('6675) 
852  I         •5456 
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Tablk  il,—l8othei'mala  of  naphthalene  at  ^=10(P,  referred  to  -65*^^  at  the  normal  melt- 
ing point — Continned. 


Time. 

Pressure. 

ifcpX10«. 

J2. 

Volame. 

Time. 

Pressure. 

ifcpXlO" 

S, 

Yolome. 

in. 

Attn. 

• 

Ohmt. 

m». 

m. 

Atm. 

Ohmi. 

0mS. 

36 

274 

12 

835 

•5464 

49 

874 

39 

4814 

•4143 

45 

460 

21 

1020 

•5360 

56 

864 

39 

4883 

•4126 

47 

670 

30 

1223 

•5255 

70 

770 

35 

4814 

•4149 

63 

653 

29 

1198 

•5266 

81 

760 

34 

4780 

•4150 

66 

795 

35 

1331 

•5204 

83 

675 

30 

4714 

•4181 

63 

766 

84 

1300 

•5219 

88 

677 

31 

4682 

•4187 

64 

808 

36 

1353 

•5105 

90 

578 

26 

4000 

•4371 

69. 

797 

36 

1353 

•5195 

93 

581 

26 

8976 

•4377 

75 

780 

35 

1336 

•5202 

96 

581 

26 

3608 

•4480 

76 

818 

37 

1370 

•5185 

100 

680 

26 

3525 

•4503 

85 

813 

36 

1370 

•5187 

103 

671 

26 

3255 

•4581 

91 

785 

35 

1336 

•5202 

107 

574 

26 

2732 

•4739 

93 

856 

39 

1415 

•6167 

115 

569 

26 

2300 

•4845 

102 

850 

88 

1410 

•5169 

123 

571 

26 

2087 

■4934 

107 

820 

37 

1370 

•5185 

131 

566 

25 

1829 

•6018 

108 

908 

41 

1439 

•6155 

133 

567 

25 

1611 

•5097 

116 

888 

40 

1439 

•6155 

135 

547 

25 

1380 

•5189 

121 

890 

40 

1439 

•5155 

136 

490 

22 

1070 

•5333 

122 

.921 

41 

4814 

•4141 

188 

484 

22 

1033 

•5351 

133 

914 

41 

4882 

•4125 

189 

276 

13 

835 

•5464 

148 

906 

41 

4882 

-4124 

141 

77 

4 

631 

(•5600) 

150 

760 

35 

4714 

■4175 

143 

80 

4 

638 

(-5590) 

157 
150 

772 
644 

35 
.  29 

4714 
4556 

•4175 
•4224 

165 
167 

652 
560 

29 
25 

4556 
3808 

•4224 
•4425  ! 

FOUR! 

'HSBRIB 

S.  SAME  ADJTr8TMENT.| 

168 

560 

25 

3202 

•4599 
•4707 

169 

562 

25 

2846 

' 

171 

558 

25 

2270 

•4877 

6 

72 

3 

620 

(•6605) 

173- 

558 

25 

1889 

•5000 

9 

72 

3 

622 

(•5605) 

176 

558 

25 

1600 

•5102 

13 

266 

12 

828 

•5468 

178 

558 

25 

1416 

•5175 

19 

257 

12 

805 

•5481 

180 

567 

25 

1300 

•5224 

21 

252 

11 

802 

•6483 

184 

552 

25 

1174 

•5280 

23 

451 

20 

1008 

•5365 

187 

553 

25 

1160 

•5287 

33 

418 

19 

967 

•5393 

208 

553 

25 

1158 

•5288 

36 

689 

31 

1247 

.5248 

213 

546 

25 

1160 

■5287 

42 

642 

29 

1169 

.5280 

216 

429 

19 

988 

•5375 

44 

818 

37 

1363 

.5194 

225 

430 

19 

992 

•5375 

50 

811 

86 

1331 

.5204 

227 

287 

13 

845 

•5459 

57 

853 

38 

1364 

.5188 

235 

292 

13 

852 

•5454 

59 

903 

40 

4882 

.4125 

237 

81 

4 

645 

(•5585) 

65 

900 

40 

4917 

.4115 

244 

86 

4 

650 

(•5583) 

67 
73 
74 
79 

1018 
1005 
879 
865 

45 

45 
40 
39 

4988 
6024 
4882 
4814 

.4089 
.4080 
.4125 
.4143 

THIRI 

)  SERIES 

.  SAM] 

S  ADJUS 

TMENT. 

81 
85 

87 

690 
604 
575 

81 
31 
26 

4687 
4587 
4000 

.4213 
.4213 
.4371 

7 

87 

4 

653 

(•5583) 

93 

581 

26 

3785 

.4430 

12 

88 

4 

653 

(•5583) 

99 

549 

25 

1631 

.5090 

15 

274 

12 

838 

•5462 

105 

549 

25 

1165 

.5280 

20 

287 

12 

828 

•6468 

110 

539 

24 

1123 

.6306 

22 

489 

22 

1015 

•5345 

112 

488 

22 

1041 

.5347 

28 

476 

21 

1008 

•5365 

120 

484 

22 

1012 

.5363 

31 

666 

30 

1208 

•5262 

122 

294 

18 

832 

.5465 

38 

649 

29 

1220 

•5256 

127 

296 

13 

835 

.5463 

41 

837 

88 

1375 

•5185 

129 

89 

•  4 

634 

(.  5505) 

47 

820 

87 

1359 

•5191 

135 

97 

4 

647 

(.5585) 

86.  Liquid  solid  isothermals  at  117^. — ^Table  42  contains  a  series  of 
results.  The  vapor  bath  in  this  case  was  filled  with  amyl  alcohol,  from 
which  the  water  was  not  extracted.  Hence  the  pecnliariy  broken 
isothermal  obtained  is  in  correspondence  with  the  known  inconstancy 
of  temperature  along  the  vertical.  This  feature  is,  however,  of  con- 
siderable interest,  and  throws  light  on  certain  characters  of  the  other 
isothermals,  inasmuch  as  it  shows  the  behavior  in  case  of  partial  solid- 
ification. 
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TAHLKi2.—hoth€nnala  of  naphthalene  ate=117^f  referred  to  -JJ*™'  at  the  n<frmal  meli^ 

ing  point. 


Time, 
tn. 

Pressure. 

irpMO' 

S. 

Yolune. 

Time. 

Pre«anre.'»pxia» 

JL 

Yolnme. 

atm. 

ohm». 

cm*. 

I       m. 

atm. 

• 

ohm9. 

emK 

4 

86 

4 

408 

(•5709) 

64 

1317 

69 

4263 

•4094 

6 

.      86 

4 

408 

( '5709) 

66 

1055 

47 

3646 

•4325 

7 

277 

13 

600 

( '5547) 

72 

1053 

47 

2448 

•4682 

12 

272 

13 

585 

( -5649) 

75 

1051 

47 

2279 

•474» 

14 

400 

22 

784 

•5111 

81 

1054 

47 

2175 

•4786 

20 

468 

21 

740 

•5439 

84 

877 

40 

1253 

•6149 

22 

689 

31 

946 

•5309 

90 

877 

40 

1198 

•5174 

27 

661 

29 

804 

•5339 

91 

701 

31 

953 

•5307 

29 

910 

41 

1123 

•5210 

*          95 

707 

31 

038 

•5U4 

36 

895 

40 

1097 

•5224 

97 

517 

23 

700 

•6426 

37 

1U92 

49 

2257 

•4756 

102 

623 

2{ 

7«5 

•5421 

39 

1086 

49 

277  i 

•4579 

103 

285 

13 

666 

(•5671) 

50 

1068 

48 

2704 

'4601 

107 

290 

13 

672 

(■5561) 

52 

1254 

56 

4208- 

•4114 

1        109 

96 

5 

412 

(•5699) 

68 

1226 

55 

4208 

•4115 

1        115 

100 

5 

414 

(-5699) 

09 

1326 

60 

426:{ 

•4091 

t 

87.  Liquid  solid  isothermals  at  13(P. — ^Table  43,  finally,  contains  four 
series  of  results  obtained  at  130o.  The  vapor  bath  in  this  case  con- 
tiiined  aniyl  alcohol,  thoroughly  dried  by  copious  distillations.  Slight 
dift'erences  in  the  liquid  "on^  and  "off^  march  are  only  apparent  in 
the  la«t  series.    The  temperature  of  the  third  series  was  about  129.6o. 

Tablr  43.— /«o?iie<ric8  of  naphthalene  at  0  =1S0°,  referred  to  •55«"'  €U  ike  normal  melt- 

ing  point. 


FIRST 

SERIE 
ipXlOV 

S.    SAME  ADJUSTMENT. 

Time. 

kpxm 

Pieunre. 

R. 

Volam& 

Time.  I 

Preaanre. 

Jt, 

Volume. 

m. 

atm. 

ohmf. 

em>. 

1 

66 

78 

1787 

1329 

•5067 

-- 

68 

■  78 

1723 

1320 

'5061 

m.      1 

ohmt. 

cm: 

71 

81 

1794 

3878 

•4119 

32 

7 

151 

272 

(•5821) 

76 

79 

1777 

3926 

•4106 

34 

7  1            146 

270 

(•6821) 

78 

86 

1907 

3926 

•4099 

36 

22              496 

622 

(•5566), 

84 

86 

1880 

3960 

•4091 

42  , 

21  1            461 

493 

(•5591)' 

86 

72 

1574 

3696 

-4190 

46 

45  '            908 

862 

•5316 

96 

72 

1576 

3695 

■4190 

62  ' 

45  1            978 

845 

•5128 

98 

66 

1463 

aB-ZB 

•4480 

56  , 

63             1403 

1119 

•5166 

106 

66 

1463 

1690 

•4914 

61  1 

63             1379 

1105 

•6171 

113 

65 

1458 

1481 

•5000 

65 

76            1713 

38U8 

•4148 

123 

66 

1466 

1490 

•4996 

70 

76            1686 

3785 

•4156 

125 

66 

1246 

1021 

■5220 

72 

63  1          1432 

2600 

•4578 

131 

56 

1244 

1021 

•5221 

79 

63             1438 

1392 

•5039 

136 

44 

990 

846 

•5327 

85 

63 

1433 

1326 

•5069 

139 

44 

994 

860 

•5325 

90 

63 

1423 

1294 

•5081 

141 

26 

666 

566 

(•5536) 

94 

45 

1013 

847 

•5326 

145 

26 

680 

670 

J*S?J}| 

102 

41 

Sin 

786 

•5365 

148 

7 

155 

275 

(•5811) 

105 

25 

5i8 

548 

(•5546) 

153 

7 

168 

289 

(•6796) 

111 

114 

24 

7 

540 
145 

538 
266 

(•5551) 
(•5821) 

■ 

119 

7 

154 

275 

(•5816) 

THERI 

>  SERII 

ES.    BAHI 

S  ADJUS 

TMENT. 

SECOK 

B  SERIES.    SAM 

^ADJUS 

TMENT. 

9 

6 

136 

263 

(•6831) 

12 
15 

6 
21 

184 
468 

268 
617 

(■6881) 
(•6571) 

5 

7 

151 

276 

(•5811) 

22 

21 

456 

604 

<'Sli' 

7 

21 

464 

495 

(-5586) 

28 

44 

971 

846 

■5327 

11 

20 

451 

484 

(•5601) 

31 

43 

960 

826 

•5841 

14 

41 

921 

808 

•6351 

34 

66 

1467 

1164 

-5143 

18 

40 

881 

770 

•6378 

43 

63 

1420 

1114 

•5168 

35 

68 

1338 

1057 

•5200 

45 

72 

1579 

1242 

•6101 

37 

69 

1336 

1057 

1          5200 

60 

70 

1564 

1212 

-5116 

57 

65 

1464 

1132 

•5158 

53 

54 

1665 

3739 

•4178 

59 

65 

1450 

1132 

•5158 

69 

74 

1632 

8762 

-4166 

61 

74  '           1581 

1223 

•5109 

61 

81 

1794 

3831 

•4136 

63 

74             1656 

1278 

•5083 

63 

81 

1784 

r^ 

•4135 

64 

74             1651 

1262 

•6091 

66 

70 
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Table  43. — iHometrics  of  naphthalene  at  Qr=lS(P^  referred  to  '56  <^»®  at  the  normal  inelU 

ing  point — Coutinaed. 


Time. 


ftp  X  10>  Praflsure. 


91 
100 
105 
111 
113 
120 
122 
128 


atm, 

1556 

1484 

1509 

1412 

1416 

1412 

1044 

1044 

576 

584 

146 

160 


ohm9. 

8651 

3405 

3310 

2334 

1217 

1196 

855 

865 

560 

560 

266 

279 


Yolame. 


FOU&TH  SERIBS. 


196 
196 
427 
416 


820 

490 
480 


■4206 
'4291 
•4324 
•4670 
•5117 
•5126 
•5319 
•5312 
(•5536) 
(-5531) 
(•5821) 
(•5801) 


(•5769) 
(-5769) 
(•5561) 
(•5601) 


Time. 

ftp  X 10*  PrMiure. 

R, 

Volttue. 

m. 

atm. 

chfM. 

«m< 

67 

28 

626 

653 

•5465 

63 

27 

611 

634 

•5479 

67 

36 

801 

770 

•6379 

72 

36 

789 

755 

•5389 

74 

45 

1022 

980 

•6276 

84 

48 

966 

846 

•5:i29 

87 

54 

1215 

1050 

•5206 

90 

54 

1200 

1033 

•5214 

92 

65 

1432 

1208 

•5123 

96 

68 

1412 

1174 

•5139 

98 

74 

1634 

1331 

•5069 

104 

72 

1606 

1320 

•6066 

108 

72 

1603 

1326 

•5067 

112 

54 

1196 

1029 

•5217 

118 

54 

1199 

985 

•5240 

119 

39 

869 

756 

•5387 

124 

89 

862 

765 

•5381 

126 

22 

498 

515 

(•6671) 

127 

22 

503 

525 

(•5561) 

184 

7 

151 

2B2 

(•5781, 

140 

7 

160 

290 

(•5781) 

DEDUCTIONS. 

88.  Graphic  construction. — ^To  obtain  a  comprehensive  survey  over 
this  series  of  individual  data,  it  will  be  necessary  to  resort  to  the  pic- 
torial method  and  represent  vohime  as  a  ftinction  of  pressure,  under 
Buccessive  conditions  of  constant  temperature.  Moreover  it  will  be 
expedient  to  represent  the  whole  group  of  first  series  on  a  single  chart, 
tlie  second  series  on  another  chart,  etc.,  and  thus  obtain  about  four 
distinct  sets  of  results,  covering  the  whole  interval  60^  to  130^,  and 
about  1 ,900  atmospheres.  This  has  been  done  in  Pis.  rv,  v,  vi,  and  vii,  in 
which  the  ordinates  are  volumes  (the  fiducial  volume  being  the  •5524*'™^ 
at  80O,  arbitrarily  chosen),  the  abscissas  are  pressures,  and  in  which 
the  teinx>eratures  of  the  isothermals  are  inscribed  at  the  beginning 
and  end  of  each  curve.  Finally  the  dates  or  times  in  minutes  at  which 
the  individual  observations  were  made  are  all  given  by  small  numerals 
attached  to  the  points.  Thus  it  is  easy  to  know  at  onc«  whether  an 
observation  was  taken  during  the  ^'on^  march  or  the  '*off"  march  of 
pressure;  but  to  further  facilitate  inspection  arrows  are  subjoined  to  the 
contours  of  the  curves,  showing  their  drift.  It  is  seen  from  the  figures 
that  the  solid  seems  to  be  comparable  as  regards  compressibility  with 
the  liquid,  but  on  this  point  I  shall  not  now  lay  much  stress,  for  rea- 
sons repeatedly  stated  in  the  above  paragraphs,  §§  70,  82. 

89.  Hysteresis. — The  inherent  character  of  all  these  curves  is  pro- 
nouncedly cyclic.  The  isothermal  pressure  necessary  to  solidify  naph- 
thalene being  at  all  temi)eratures  decidedly  in  excess  of  the  pressure  at 
which  it  again  liquefies.  Then  the  results  which  I  obtained  in  other  ex- 
I)erimeuts  and  with  other  substances  some  time  ago  ^  are  thus  emphat- 

The  fall  paper  and  the  dedactiona  there  made  are  aa  yet  im- 
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ically  corroborated.  Evidences  of  the  thoroughly  static  character  of 
these  phenomena  are  abundant  and  obtained  by  observing  the  times 
of  successive  points.  I  need  only  mention  solid  isothermal,  100<^  PI.  iv, 
where  I  waited  from  60"  to  100™  at  a  pressure  below  the  solidifying 
jmint  of  the  liquid  without  obtaining  fusion;  whereas  after  this  with 
only  a  slight  further  reduction  of  pressure  fusion  sets  in  and  is  com- 
plete between  101"  and  112" ;  liquid  isothermal,  100°,  PI.  v,  where  I 
waited  from  47"  to  121"  at  a  pressure  greater  than  that  at  which  frision 
of  the  solid  takes  place  without  obtaining  solidification,  which,  how.  j 
ever,  sets  in  at  once  (121"  122")  when  the  pressure  interval  is  only  i 
slightly  increased;  same  plate  solid  isothermal  130^,  I  waited  from  86" 
to  96"  at  a  pressure  below  the  solidifying  point  without  any  change  of  : 
volume  or  fusion  whatever  5  solid  isothermal,  130°  PI.  vi,  where  I  waited 
from  66"  to  83"  without  obtaining  fusion,  and  from  66"  to  75  "  without 
appreciable  change  of  volume;  liquid  isothermal,  100^,  PI.  vii,  where 
I  waited  from  36"  to  90"  without  obtaining  solidification,.and  from  74" 
to  87"  on  the  solid  isothermal  without  obtaining  fusion,  etc.  If  high 
temperature  conditions  are  unfavorable  to  lag,  the  results  at  130^  are 
specially  good  evidence  in  favor  of  the  point  of  view  taken.  I  have 
already  pointed  out  ^  that  it  is  a  phenomenon  inherent  in  the  passage 
from  one  molecular  condition  to  another  which  lies  at  the  root  of  all 
manifestations  of  hysteresis,  whether  observed  eleetrically  (Cohn,  Ew- 
ing,  Schumann)  or  magnetically  (Warburg,  tewing),  or  as  a  purely  me- 
chanical result  in  my  work,*  during  fusion,  as  above,  during  solution, 
§  95,  etc. 

90.  James  Thomson's  double  inflections. — Solidification  almost  always 
sets  in  at  once.  This  is  what  one  should  expect,  for,  if  there  be  con- 
densation or  crystallization  at  any  x>oint,  it  will  form  a  nucleus  for  which 
the  whole  column  will  be  solidified.  Only  in  one  case  (PI.  v,  liquid 
isothermal  83°,  60"  to  63")  did  I  obtain  evidences  of  curvature,  whereas 
in  PI.  IV,  at  the  same  temperature,  the  whole  path,  though  observable 
(0",  7",  10"),  is  precipitous. 

The  reverse  of  this  holds  true  in  case  of  fusion.  Here  the  initial 
or  stable  contours  of  James  Thomson's  circumflexures  are  always 
marked.  It  is  true  that  fusion  rarely  takes  place  instantaneously,  be- 
cause of  the  difficulty  in  supplying  heat  fast  enough.  Hence  it  might 
be  plausibly  argued  that  the  fusion  contours  are  necessarily  more  grad- 
ual than  the  solidification  contours..  It  is  also  supposible  that,  if  tem- 
perature be  not  quite  identical  throughout  the  height  of  the  column  of 
substance,  fosion  will  first  take  place  at  the  hotter  planes  below  and 
proceed  thence  to  the  top.  This  state  of  things  I  have  actually  ob- 
served in  glass  capillary  tubes  when  the  vapor  baths  were  imperfect. 
In  the  present  experiments,  however,  the  phenomenon  occurs  with  the 
same  uniformity  at  all  temperatures  and  is  quite  as  pronounced  in  a 

>  Am.  Joamal,  1.  o. ;  Phil.  Mag.  (5),  vol.  81, 1891,  p.  27. 
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steam  bath.  Moreover  the  column  is  not  aboVe  10«"  long.  Hence, 
taking  this  into  account  in  connection  with  the  evidence  cited  in  the 
foregoing  paragraph  (89),  I  conclude  that  the  initial  solid  contours  are 
static,  and  hence  regard  them  as  evidencing  James  Thomson's*  well- 
known  inference  relative  to  the  doubly  inflected  contours  of  the  iso- 
thermals  accompanying  change  of  physical  state.  When  fusion  actually 
sets  in  the  phenomenon  is  no  longer  observable,  for  the  physical  parts 
of  the  substance  now  exist  in  widely  different  thermal  states. 

Here  I  may  expediently  point  out  the  advantages  gained  by  oper- 
ating in  a  thin  shell  of  substance  (see  Fig.  13  and  PI.  iii),  the  heat 
within  which  is  rapidly  dissipated.  The  conditions,  therefore  are  spe- 
cially favorable  for  isothermal  work. 

91.  The  characteristic  specific  volumes, — ^Mere  inspection  of  the  charts, 
Pis.  IV  to  vn,  shows  that  the  volume  at  which  solidification  takes  place 
decreases  with  temperature,  and  the  volume  after  solidification  either 
increases  or  remains  stationary  in  value.  In  Table  44  I  have  inscribed 
the  corresponding  values  of  pressure  and  volume,  observed  at  the  so- 
lidification points,  in  each  of  the  four  series;  and  in  PI,  vni  these  data 
have  been  plotted,  volumes  being  the  abscissas  and  pressures  the  ordi- 
nates.  To  distinguish  the  points  they  are  surrounded  by  little  circles 
to  which  the  number  of  the  series  is  attached,  and  the  pressures  are 
given  on  the  right  side  of  the  diagram. 

Tabli!  44. — Volumes  solid  and  liquid  at  the  solidifjfing  paint8f  varying  with  the  pressure,* 


\ 

Temperature  83<>. 

Temperature  90«. 

Tempera- 
ture 1170. 

Temperature  lOOo. 

Temperature  130o. 

1   Se- 
ries. 

i 

Solid 
presHure. 

Solid 
volume. 

Liquid 
pieesure. 

Liquid 
Tolnme. 

Solid 
pressure. 

Solid 
volume. 

Liquid 
pressure. 

Liquid 
volume. 

Solid 
pressure. 

Solid 
volume. 

Solid 
pressure. 

Solid 
volume. 

Liquid 
pressure. 
Liquid 
volume. 

SoUd 
pressure. 

Solid 
volume. 

Liquid' 

pressure. 

Liquid 

volume. 

^'l 

260 
•415 

260 
•534 
320 
•530 
345 

650 
•413 
555 
•415 
550 
•418 

6P0 
•523 
550 
•527 

876 
•416 
920 
•413 
870 
•413 
900 
•412 

876 
•510 
920 
•615 
870 
•610 
900 
•617 

1720 
•416 
1790 
•412 
1665 
•417 
1720 

1720 
•605 
1790 
•505 
1665 
•607 
1720 
•505 

"■  {              -415 

IV.  1 

•415 

*  See  remarks  on  Table  46. 

A  similar  and  equally  important  table  may  be  deduced  by  finding 
:he  values  of  the  characteristic  volumes  at  the  successive  melting 
>oints.    These  are  inscribed  in  Table  45,  on  the  plan  of  Table  44, 

>  J.  Thomson:  PhU.  Mag.  (4),  yoL  42, 1872,  p.  227. 
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Table  45.— FoZume*  solid  and  liquid  at  the  melting  pointSj  varying  with  pres9ure* 


8e- 
rien. 

Temperature  83o. 

Temperature  Mo. 

Tempera- 
ture 117°. 

TemperatnTe  lOO^. 

Teoiperature  IdO^. 

SoUd 
pressure. 

SoUd 
volume. 

Liquid 
pre.ssure. 

Liquid 
volume. 

Solid 
prMtnnre. 

Solid 
volume. 

Liquid 
pressure. 

Liquid 
volume. 

Solid 
pressure. 

SoUd 
volume. 
Liquid 
volume. 

Solid 
pressure. 

Solid 
volume. 

Liquid 

pressure. 

Liquid 

volume. 

Solid 
prepare. 

Solid 
volume. 

1430 
•435 
1465 
•4:50 
1410 
'440 

Liquid  ' 
pri'asnre. 
Liquid 
volume. 

iJ 

2 

3 

4:| 

80 
•485 

80 
•450 

80 

ilR 

275 
•540 
280 
•541 

seo 

•440 
560 
•435 
580 
•440 

670 

•440 

sea 

•628 
500 
•531 
580 
•528 

1430 
^51 5 
1465 
•515 
1410 
•517 

•517  1            425 

80              280 

•548  ,           -440 

1 



! 

1050  > 
•430? 
•515) 

570 
•631 

1 

1 

1                   1 

1 

*  See  remarks  on  Table  46. 

If  these  data  be  inscribed  in  a  chart  like  PL  viii,  both  the  solid  and 
the  liquid  volumes  will  closely  resemble  the  curves  already  mappeil 
out  for  solidifying  point;  but  since  the  solid  volumes  can  obviously 
only  be  approximately  given,  and  since  the  liquid  volumes  contain  no 
new  feature,  I  omit  them  to  avoid  confusing  the  figure. 

A  noticeable  part  of  this  diagram  is  the  close  accordance  of  the  three 
groups  of  points  between  0  and  1,000* atmospheres,  during  which  meas- 
urements vapor  of  water  was  the  medium  of  constant  temperature,  as 
compared  with  the  one  group  of  points  between  1,000  and  2,000  atmos- 
pheres, where  vapor  amyl  alcohol  was  used.  I  account  for  this  by 
supposing  the  solidification  in  the  latter  case  (130O)  to  have  been  pre- 
mature, a  result  to  be  associated  with  indufiicient  constancy  of  the 
vapor  bath  (§  70,  86,  89),  hence  the  liquid  volumes  found  are  too  large. 
Tliere  may,  however,  have  been  some  gradual  change  in  the  contents 
of  the  tubia,  which  in  the  lapse  of  time  became  appreciable  (§70,  81). 
Thus  the  zinc  gradually  deposited,  by  the  intermittent  currents  in  the 
mercury,  the  possible  detachment  of  the  end  of  the  mercuiy  thread  in 
kJc  (Fig,  13)  after  repeated  motion  back  and  forth,  changes  in  the 
quality  of  the  solution  of  zinc  sulphate,  etc.,  would  produce  a  shifting 
of  the  volume  constants  and  a  result  like  that  observed  in  PI,  viii. 
Further  experiments  must  decide  this  i>oint.  Regarding  the  solid  vol- 
umes, it  is  clear  at  once  that  no  device  can  define  them  as  accurately  as 
the  liquid  volumes,  and  the  degree  of  coincidence  attained  is  one  of 
the  valuable  accomplishments  of  the  present  method. 

To  summarize,  therefore,  I  have  in  PI.  viii  placed  chief  reliance  on 
the  water  points  (0  to  1,000  atmospheres)  and  drawn  the  locus  accord- 
ingly. 

02.  Critical  point. — ^The  area  inclosed  by  the  figure  ab  . . .  c  dj  sup- 
posing h  and  c  eventually  to  coalesce,  has  the  same  signification  as 
Andrews'  area  of  vapor  tensions.  The  same  would  be  true  of  the  sim- 
ilar figure  for  the  characteristic  volumes  at  the  melting  points,  or 
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finally  to  the  fLgare  in  which  the  Solidification  volumes  are  taken  at 
the  solidification  iK)int8,  and  the  fiisionyolaines  at  the  melting  i>oint8. 
All  of  these  diagrams  point  out  the  probable  occurrence  of  a  critical 
point  in  the  region  of  positive  pressure  and  reached  in  the  direction  of 
increasing  temperature,  at  which  i>oint  liquid  would  pass  to  solid  or 
solid  to  liquid  without  paroxysmal  change  of  volume,  and  consequently 
without  volume  log.  This  x>osition  of  this  point  may  be  conjectured  to 
he  at  several  hundred  degrees  centigrade  and  several  thousand  atmos- 
pheres, naphthalene  being  the  material  operated  on. 

03.  Solidifying  p&inU  and  melting  points. — The  cycles  as  depicted  in 
Pis.  rv  to  vn  have  two  prominent  characteristics:  They  gradually  de- 
crease in  vertical  extent  from  left  to  right,  and  they  gradually  decrease 
in  lateral  extent  toward  both  sides  of  the  chart.  Each  of  these  qualities 
throws  imx)ortant  light  on  the  phenomena  as  a  whole. 

Table  46  gives  the  numerical  values  of  the  pressures  corresponding 
to  solidification  and  to  fusion  at  the  different  temperatures,  together 
with  other  information  of  importance,  as  sharply  as  the  statement  can 
be  made.  Let  the  solidifying  points  and  the  melting  points  be  con- 
structed as  a  function  of  pressure.  This  is  done  in  PL  vui,  and  the 
points  form  a  long  spindle-shai>ed  figure  running  diagonally  across  the 
chart.  Points  obtained  from  all  the  four  sets  of  results  (Pis.  iv  to  vii) 
are  inscribed  and  these  points  are  numbered  to  show  the  series  to  which 
they  belong.  The  parts  of  the  curves  actually  observed  are  given  in 
fuU  lines  and  the  inferential  prolongations  in  dotted  lines. 

From  the  nature  of  the  case  the  solidification  points  can  not  be 
8hari>ly  measured.  (§  89.)  Thus,  if  the  temperature  of  the  column  be 
not  uniform,  (and  in  case  of  an  ebullition  liquid  of  small  specific  heat 
and  possibly  not  homogeneous  in  composition,  the  tube  is  sure  to  be 
hotter  at  the  bottom  than  at  the  top),  the  colder  parts  will  solidify  first, 
and  at  once  induce  solidification  throughout  the  whole  length  of  the  col- 
umn. This  is  markedly  shown  in  the  isothermal  for  117°,  and  given  in  PI. 
VII,  where  the  solidifying  and  fusing  points  are  practically  in  coinci- 
dence. (§  86.)  Similarly  all  jarring  and  percussion,  too  rapid  increase 
of  pressure,  a  vibratile  wire  running  through  the  column  as  in  some  of 
my  earlier  work,  etc.,  will  cause  the  whole  labile  framework  to  topple 
into  solidification.  Hence  the  solidifying  point  must  be  fairly  crept 
upon  and  surprised,  as  it  were,  and  hence  my  present  results,  in  which 
these  precautions  were  taken,  show  high  solidifying  points  as  compared 
with  my  other  work.  These  conditions  do  not  seem  to  hold  in  like  im- 
portHnce  in  case  of  fusion,  for  the  melting  points,  as  a  rule,  show  much 
greater  coincidence. 
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Tablk  46. — Showing  the  relation  of  eolidifying point  €(nd of  melting  point  xoiih presenrt.— 

Naphthalene. 


Series 
No. 


I... 

IT-. 
III. 
IV.. 


Temperatare 


Solid  Faeing 
at-      at— 


Atn^, 


Atm. 
(a) 


Temperatare 
830. 


Solid   Faaiiig 
at—       at— 


Temi 


,  Temperature 


iperati 


Atm. 
6260 
p329 
e345 


Solid  Fnsing  -  Solid 
at—    I  at— 


Attn, 

em 


Aim. 
«550 
fiSS6 


Atm. 
d27b 
d2W 


Atm. 

d920 

AR70 
dOOO 


Temperature 


iperati 
117-; 


Temperature 


Fusinfr*  Solid 
at—       at- 


Atm. 
d5C0 
d56U 

d570 


Atm. 


;1090 


at- 


Solid 


Atm.  I  Atm. 

'^1720 

|dl790 

tl685 


Fuainp 
at— 


J19SO    »n»  I 


Atyn    : 
/14I0 


!  Factor:  Melting  point  and  preraiire  Wfi  to  130°,  28-5 atm.  ^'C,  or  0351  °C.  /  atm. 
Factor:  Solidifying  point  and  presunre  8»°  to  100°.  360  atm./OC.  or  0278  ^V./ 1  atm. 
Factor:  Solidifying  point  and  preaanre,  1«H>  to  130^,  2»-5  atm./o(:.,or0339  1  ^c./i  atm. 


a  Negative. 

dNot  crept  upon.  First  reeult  at  <83o  second  and  third  at  >83o.  Solidification  gradual ;  oUier 
solidifleations  take  place  at  once. 

flFoaing  very  viscously  throughout  a  pressure  interval  of  50  atmospheres. 

d  Crept  upon. 

•  Not  crept  upon. 

/Fusion  relatively  rapid ;  more  nearly  resembling  the  solidification  march  than  is  the  ease  at  lowrr 
temperatures. 

^  Crept  upon.  First  result  at  <83<',  second  and  third  at  >83°.  Solidification  gradual;  ot^er  solidi- 
fleations take  place  at  once. 

h  Intermediate  between  a  and  b. 

i  Intermediate  between  a  and  b.    Temperature.  129'0o. 

j  Temi)eratnre  lower  at  top  than  at  bottom  of  toe  column.  Partial  fuHions.  Vapor  hath  containing 
aqueous  amyl  alcohol. 

c  Chiefly  with  reference  to  Series  li. 

In  drawing  PI.  viii  I  have  therefore  placed  chief  reliance  on  the  data 
of  Series  ii,  obtained  as  they  were  with  the  experience  of  Series  i,  t4> 
guide  me.  The  horizontal  breadth  of  the  spindle- shaped  area  indicates 
the  pressure  amount  of  volume  lag  corresponding  to  any  temperature. 

94.  Transitional  point — If  the  two  curves  be  prolonged  in  the  direc- 
tion of  increasing  temperature,  it  is  clear  that  they  must  eventually 
coalesce.  For,  at  the  critical  temperature,  liquid  will  pass  to  solid  and 
vice  versa  without  paroxysmal  change  of  specific  volume,  and  hence 
there  can  be  no  volume  lag. 

If  the  curves  be  prolonged  in  the  direction  of  decreasing  temperature, 
then  the  data  emphatically  indicate  the  probable  occurrence  of  an  inter- 
section in  the  region  of  negative  pressure.  Beyond  the  point  of  inter- 
section the  substance  would  solidify  at  a  lower,  pressure  than  that  at 
which  it  fuses,  and  fuse  at  a  higher  pressure  than  that  at  which  it  solid- 
ifies. I  believe  this  observation  may  be  interpreted  as  follows:  The 
normal  type  of  fusion  changes  continuously  into  the  ice  type  of  fusion, 
through  a  transitional  type  characterized  by  the  zero  of  volume  lag. 
The  position  of  this  transitional  type  for  naphthalene,  so  far  as  I  ca'i 
now  discern  it,  may  be  placed  at,  say,  50^  and  — ^1,000  atmospheres.  It 
may  be  noted  that  with  the  understanding  here  laid  down^  the  n^rma] 
type  of  fusion  is  reached  from  the  ice  type  in  the  direction  of  increas- 
ing temperature. 

Throughout  the  i)re8ent  chapter  I  have  avoided  the  discussion  of  the 
isopiestics,  since  I  shall  consider  them  in  detail  in  connection  with 
special  experiments.  It  is  «<rell  to  state,  however,  that  the  transitional 
temperature  is  related  to  the  prospective  intersection^f  the  prolonged 
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liquid  and  solid  isopieatieff^  of  a  giveu  substance,  at  the  same  pressure 
in  both  cases-  Thus  a  reason  why  hysteresis  may  vanish  is  again  sug- 
gested. A  given  substance  on  one  side  of  the  transitional  temperature 
need  not  necessarily  differ  molecularly  from  the  same  substance  on  the 
other  side. 

Practically  only  one  of  the  states  is  attainable,  for  the  other  implies 
an  application  of  negative  pressure. 

If  the  chart,  PI.  iv,  is  to  represent  in  diagram  a  field  of  iaothermals 
for  the  ice  type,  the  solid  and  liquid  phases  of  the  chart  are  to  be  ex- 
changed. The  solid  march  for  the  ice  type  takes  place  along  loci  of 
greater  specific  volumes  and  the  liquid  march  along  loci  of  smaller  spe- 
cific volumes.  Thus  the  chart  of  isothermals  must  show  intersecting 
loci,  identical  points  corresponding,  however,  to  different  molecular 
states.  In  other  resi)ect8  the  character  of  the  figure  need  not  be  modi- 
fied, supposing  always  that  increase  of  temperature  and  pressure  be 
taken  in  the  algebraic  sense,  so  that  negative  quantities  are  included. 
Beyond  the  transitional  point  I  am  therefore  tempted  to  look  for  the 
proper  critical  temperature  of  the  ice  type  in  a  region  of  iwsitive  ex- 
ternal pressures  and  in  the  direction  of  decreasing  temperatures. 

Thus,  curiously  enough,  the  observer  is  confronted  by  periodio  relor 
tionSj  which  in  all  probability  will  admit  of  a  chemical  interpretation. 
(§§  05,  96.) 

96.  Soluhility  and  pressure. — In  view  of  the  detailed  analogy  which 
holds  between  many  characters  of  fusion  and  of  solution,  much  that 
can  be  investigated  for  the  simpler  of  these  phenomena  (fusion  appar- 
ently) will  be  applicable  to  the  other.  A  substance  may  be  transferred 
from  the  solid  to  the  liquid  state  either  by  heating  it  or  by  dissolving 
it.  In  general,  excess  of  temperature  or  of  solvent  favor  the  diminu- 
tion of  viscosity  here  in  question.  A  liquid  on  the  verge  of  solidifica- 
tion or  a  concentrated  solution  is  solidified  or  deiwsits  crystals  on 
cooling;  and  in  both  cases  the  nice  adjustment  of  labile  molecular 
equilibrium  is  accompanied  by  volume  hysteresis,  undercooling,  etc.,  in 
the  one  case,  supersaturation,  etc.,  in  the  other.  Hence  I  conclude 
logically,  I  think,  that  if  under  proper  thermal  conditions  pressure 
aJone  can  solidify  a  liquid,  it  can  also  under  proper  solutional  condi- 
tions induce  crystallization,  or  the  deposit  of  solid  from  solution. 

I  am  the  more  justified  in  drawing  these  references,  as  in  my  arti- 
cle^ on  the  solvent  action  of  hot  water  on  glass  I  already  adduced 
the  necessary  evidence.  Since  from  one  point  of  view  the  isothermal 
compressibility  increased  proportionally  to  the  time  during  which  the 
solvent  action  has  been  going  on,  and  from  another,  with  the  amount 
of  silicate  dissolved,  to  more  than  three  times  its  original  value,  the  in- 
ference is  pretty  closely  at  hand  that  what  pressure  did  in  this  instance 
was  a  mere  precipitation  of  a  proi)ortionate  amount  of  dissolved  sili- 
cate.   The  volume  change  thence  resulting  were  put  into  computation 
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as  increments  of  compressibility^  for  the  precipitated  silicate  is  again 
dissolved  when  pressure  is  withdrawn. 

Thas  the  present  work  bears  ui>ou  the  nature  of  solution,  for  I  can 
not  believe  that  what  I  have  ventured  to  call  cohesive  affinities  ^  can 
not  diifer,  except  in  'degree,  from  the  affinities  which  determine 
valency.  At  least,  proceeding  on  such  an  assumption,  I  am  lead  natu- 
rally to  a  theory  regarding  changes  of  physical  state  which  I  will  indi- 
cate elsewhere. 

Finally,  in  justice  to  myself  let  me  say  that  the  manuscript  left  my 
hands  before  the  kindred  deductions  of  Orme  Masson'  or  of  Ramsay' 
had  reached  me.  In  fact,  what  these  gentlemen  have  deduced  firom 
*the  solution  behavior  liquid-liquid  I  had  legitimately  derived  from  the 
solution  behavior  solid-liquid,. as  set  forth  in  my  own  work.  My  pre- 
ceding paper  wa«  at  fault  only  in  postulating  an  unnecessary  change 
of  hydration  of  the  silicated  water  (loc  cit.,  p.  116). 

It  is  gratifying  to  note  that  evidence  of  the  similar  solution  behavior 
solid-solid  is  forthcoming,  and  to  be  found  in  the  work  of  Osmond,  of 
C.  A.  Carus- Wilson,^  and  of  myself,  as  I  have  already  pointed  out.* 

CONCLUSION. 

96.  In  the  above  pages  I  have  merely  endeavored  to  describe  the  re- 
sults directly  obtained  by  experiment,  and  to  draw  such  conclusion, 
which,  in  the  light  of  known  facts,  seemed  to  be  admissible  or  even  ob- 
vious. In  view  of  the  detailed  analogy  which  holds  between  many 
characters  of  fiision  and  of  solution,  I  believe  that  much  that  can  be 
investigated  for  the  simpler  of  these  phenomena  (ftision)  will  be  appli- 
cable also  to  the  other.  How  far  the  above  conclusions  as  a  whole  are 
to  stand  or  fall  will  depend  on  similar  investigations,  which  I  shall  con- 
tinue to  make  with  a  variety  of  other  substances  specially  selected  with 
reference  to  their  position  in  a  scale  of  thermal  state.  How  such  se- 
lecition  is  to  be  maA:le  I  am  now  unable  to  surmise.  Substances,  for  in- 
stance, which  fdse  continuously,  like  glass  or  sealing  wax,  might  at  first 
sight  be  conjectured  to  lie  near  their  critical  points,  but  I  believe  these 
cases  are  mere  solution  phenomena  of  relatively  small  interest.  At  all 
events  the  experiments  must  deal  with  substances  of  definite  and  pref- 
erably crystalline  character  and  not  with  mixtures.  I  feel  con^deiit 
that  in  an  examination  of  many  types  some  will  be  found  lying  rela- 
tively nearer  the  critical  point,  while  others  lie  nearer  or  even  beyond 
the  transitional  point;  and  that  if  the  above  method  be  applied  with 
greater  rigor  than  was  done  in  the  present  paper  light  will  be  thrown 
on  the  long-neglected  department  of  fusion  thermodynamics.    From 

>  Americiin  Journal,  vol.  41,  p.  115. 

*MfiBBon :  Nature,  vol.  43, 1891,  p.  846. 

*  Rarasf^ :  Nature,  vol.  43, 1891,  p.  580. 

«C.  A.  Carus-Wilaon:  Phil.  Mag.,  vol.  29,  p.  200. 

•Banu :  PM.  Mag.,  voL  31, 18W,  pp.  2^28. 
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this  stage  of  progress  it  will  then  be  possible  to  approach  nearer  the 
next  of  the  kindred  phenomena,  which  I  conceive  to  be  nothing  less 
than  the  kind  of  hysteresis  or  higher  order  of  volome  lag  commonly 
known  as  chemical  affinity. 

,  To  obviate  the  occivrrence  of  a  bald  statement  like  the  last,  I  will  in- 
dicate  my  views  on  the  distribution,  or  snccessiye  orders  of  volume  lags* 
These  are  to  be  songht — ^I,  during  the  passage  of  a  given  atom  into 
the  next  consecutive  in  a  scale  of  decreasing  atomic  weights;  II,  dur- 
ing the  occurrence  of  dissociation  of  the  molecule,  including  solutions 
gaa-fluid.  They  are  demonstrable,  m,  the  region  of  Andrews's 
vapor  tensions,  including  the  Alex^ef-Masson  solutions  liquid-liquid  f 
lY,  in  the  region  of  the  solid-liquid  phenomena  of  the  present  paper^ 
including  solutions  solid-liquid;  Y,  in  the  region  of  solid-solid  pheno- 
mena categorically  distinguishable  as  ^<  permanent  set"  (Osmond,  Cams- 
Wilson,  Bams).  They  are  to  be  sought  for  finally,  YJ,  during  the  pas- 
sage of  a  given  atom  into  the  next  consecutive  in  a  scale  of  increasing 
atomic  weights. 

The  enumeration  is  systematic,  and  inasmuch  as  YI  is  virtually  iden- 
tical with  I,  the  inherent  nature  of  these  changes  is  periodic.  Hence^ 
under  suitable  thermal  conditions  and  continually  increasing  pressure^ 
the  evolution  of  atoms,  of  molecules,  of  changes  of  physical  state,  are 
successive  stages  of  periodically  recurring  hysteresis. 
BulL96 7 
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